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INTERFACES AGAINST POLLUTION, 11-14 JUNE 2012, NANCY FRANCE

The 7th International Conference Interfaces Against Pollution (IAP2012), held in Nancy
(France) from 11 to 14 June 2012, lies within the framework of a series of conferences initia-
ted in Wageningen (The Netherlands, 1997) and followed in Miskolc (Hungary, 2002), Jilich
(Germany, 2004), Granada (Spain, 2006), Kyoto (Japan, 2008) and most recently in Beijing
(China, 2010).

As a general objective, IAP conferences seek to provide a forum for researchers wor-
king in the interdisciplinary field of Environmental Science. The main focus is brought on the
importance of (Bio)Colloids and (Bio)Interfaces in natural media, both from fundamental and
applied perspectives. This includes topics of societal concerns like environmental protection,
remediation of polluted sites, optimization of mineral resources or
the impacts of nanotechnology residues on the environment.

With the course of time, IAP conferences broadened
their scope. IAP2012 warmly encouraged the participa-
tion of scientists providing that their field of expertise is
relevant for the understanding of interfacial processes at
model or environmental particles, or that of transfer phe-
nomena in natural sites. In line with the wide spectrum of
disciplines (physics, biology, physical-chemistry, chemistry,
mineralogy...) relevant for environmental science, IAP2012
is intended to cover research work at the nano-, meso- and
macroscopic scales, from transient processes to equilibrium.

The international IAP advisory board and the local IAP2012 organization
committees wish that this conference will be an opportunity for researchers who are inte-
rested in these increasingly important topics, to shear fruitful discussions in Nancy, a relaxed
town from Lorraine, in the eastern part of France.

Jéréme F.L. DUVAL, Chairman of IAP2012.

Fabien THOMAS and Laurent J. MICHOT, Co-Chairmen.
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ScienTIFIc AND SociaL ProcrAM

Program at a glance

Sunday, June 10
15:00 - 19:00: Welcome and registration — refreshments from 17:00
Monday, June 11

7:45 - 8:30: Registration

8:30 - 8:45: Welcoming ceremony

8:45 - 18:00: Scientific sessions

18:00 - 19:00: Informal cocktail party (tasting of wines and local products)

Tuesday, June 12

8:45 - 15h25: Scientific sessions

15:45 - 18:30: Poster sessions

17: 00: Refreshments

19:15: International Advisory Board members meeting/dinner

Wednesday, June 13

8:45 - 17:00: Scientific sessions

18:45: Welcoming drink at the City Hall of Nancy (Place Stanislas)
19:30: Gala dinner in the «Grands Salons» of Nancy City Hall
Thursday, June 14

8:45 - 12h35: Scientific sessions

12:35 - 12:50: Closing ceremony
13:00: Lunch and end of conference



7:45-8:30

8:30 - 8:45

Registration
Plenary session

WELCOMING CEREMONY (Room Daum)
D. Waite, President of the International Advisory Board for IAP conferences

J.F.L. Duval, IAP2012 Conference Chair

To be continued on page 9

Parallel sessions

SESSION B: RESOURCES AND INTERFACES (Room Daum)

Chair: J. Rose
14:00 KB1
14:25 RB1
14:45 RB2
15:05 RB3

P.M. Biesheuvel Water desalination using capacitive deionization

B. Prélot On the real performance of solid-solution systems in industrial wastewater treatment:
comparison between organic and inorganic ion exchangers

M. Barczak Thiol-functionalized SBA-15 mesoporous silicas as sorbents of platinum (IV) ions

M. Bessho Silica coating on weathered pyrite waste rocks to prevent acid mine drainage

15:45 — 16:05 Coffee break

Chair : P.M. Biesheuvel

16:05
16:25

16:45

17:05

17:25

RB4
RB5

RB6

RB7

RB8

B. Thiele Oxidative degradation of sulfonamides by birnessite

C. Miller Visible light-mediated degradation of contaminants by application of Ag@AgCl photoca-
talysts embedded on reduced graphene oxide

Yulun Nie Efficient inhibition of bromate formation by surface reduction on B-FeOOH/AL O, with
ozone

Xiaoliang Liang The effect of transition metal substitution on the catalytic activity of magnetite in hetero-
geneous fenton reaction: in interface view

P. Faure Degradation of organic pollutants in ancient coking plant soils: reactive minerals effects
during air oxidation

18:00 - 19:00 - Informal cocktail party (tasting of wines and local products)
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Monday, June 11

Plenary session
SESSION A: SYNCHROTRON SOURCE AS A TOOL IN ENVIRONMENTAL SCIENCE (Room Daum)

Chair : L.J. Michot

08:45 |A1 T. Schafer Interfacial processes on colloids and rock surfaces investigated by laser- and synchrotron
based spectromicroscopic techniques

09:30 RA1 C.Rivard Combination of multi-scales and multi-edges X-ray spectroscopies for the investigation of
kaolinite and metallic iron interactions

09:50 RA2 D.Waite Fe(ll)-mediated transformation of ferrihydrite to goethite and associated reduction of U(VI)
to U(V): thermodynamic and kinetic considerations

10:15 KA1 N.lJanot Speciation of uranium(1V) species in a bioreduced aquifer

10:40 - 10:55 Coffee break

Chair : D. Waite
10:55 RA4 E. Montarges- Distribution and speciation of nickel in hyperaccumulating plants from south africa
Pelletier
11:15 RA5 C.Quantin Chromium speciation and dynamics in tropical ultramafic soils: a synchrotron based study
11:35 RA6 |I. Bihannic Textural organisation of clay-rich anisotropic porous materials: a neutron scattering study.

11:55 - 14:00 - Lunch

Parallel sessions

SESSION C: INTERFACIAL PROCESSES (Room Gallé)

Chair : M. Avena

14:00 IC1 L.K. Koopal Humic acids: dissolution and adsorption kinetics

14:45 RC1 Panyue Zhang Adsorption of methylene blue by humic acid-coated Fe,o, nanoparticles

15:05 RC2 J. Gregory The interaction between humic acid and aluminium coagulants at different pH values
15:25 RC3 P.E. Reiller Characterization of humic acid reactivity modifications due to adsorption onto a Al,O,

15:45 — 16:05 - Coffee break

Chair : B.L.T. Lau
16:05 KC1  T.H.Nguyen Transport of biocolloids in a silicon micromodel

16:30 RC4 R.Zimmermann Design and physicochemical properies of thermo-responsive copolymer films for applica-
tions in marine environments

16:50 RC5 E.Lamy Efect of dual porosity on colloidal transport under saturated and unsaturated flow condi-
tions

17:10 RC6 S.Barany Flocculation of suspensions by polyelectrolyte mixtures and its use in water treatment

17:30 RC7 Y. Adachi Initial stage dynamics of flocculation of psl particles induced by an excess addition of

polyelectrolytes under high ionic strength

18:00 - 19:00 - Informal cocktail party (tasting of wines and local products)
9



Tuesday, June 12

Plenary session

SESSION D: ENVIRONMENTAL COLLOIDS AND INTERFACES (Room Daum)

Chair : F. Thomas

08:45-09:30 ID1 H.P.Van Leeuwen Physicochemical dynamics of aquatic nanoparticulate metal complexes

Parallel sessions

SESSION D: ENVIRONMENTAL COLLOIDS AND INTERFACES (Room Daum)

Chair : R. Kretzschmar
09:35 KD1 T. Saito

10:00 RD1 A. Fritzsche
10:20 RD2 C. Gantzer

10:40 - 11:00 - Coffee break

Chair : J.F.L. Duval
11:00 RD3 R.M.Town
11:20 RD4 J.Rose
11:40 RD5 G. Francius

12:00 RD6 J.Braunschweig

12:30-14:00 - Lunch

Chair : T. Saito
14:00 KD2 G. Cuello
14:25 RD7 H.El Hadri
14:45 RD8 T. Polubesova
15:05 RD9  Wenfeng Tan

15:40 - 16:00 - Coffee break

16:00 - 18:30 - Poster session

17h00 - Refreshments

Size and elemental analyses of nano-colloids in deep granitic groundwater: implications
for transport of trace elements

Occurence of nano-sized, dispersed ferrihydrite aggregates in soil effluents

Determination of surface properties of viral particles: a challenge to explain their fate
In aquatic media

Chemodynamics of metal complexation by natural heterogeneous soft colloids
Mechanisms of formation and reactivity of imogolite types material

Soft biological interfaces: physico-chemical properties investigated by atomic force spec-
troscopy

Colloid generation from ferrihydrite macroaggregates by organic compounds enhances
microbial reduction rates

Neutron diffraction in earth and environmental sciences
Colloidal copper mobilisation from vineyard soils by field-flow fractionation
Dome-affected transformation of contaminants on mineral surfaces

Shape evolution synthesis of a-Fe O, nanoparticles by ascorbic acid and their catalyzed
degradation of methylene blue

19:15 - International Advisory Board members meeting/dinner
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Tuesday, June 12

Parallel sessions

SESSION E: NANOPARTICLES IN THE ENVIRONMENT (Room Gallé)

Chair : E. Tombacz
09:35 KE1 E. Michel

10:00 RE1 E.Klumpp
10:20 RE2 J. Labille

10:40 - 11:00 - Coffee break

Chair : Hong He
11:00 RE3 Lian Wang
11:20 RE4 C. Hurel

11:40 RE5 M. Garaud

12:00 RE6 M. Planchon

12:30-14:00 - Lunch

Chair : L.K. Koopal
14:00 RE7 C. Rey-Castro

14:20 RE8 Yongsheng Chen
14:40 RE9 E.Tombacz

15:00 RE10 D.J. Lapworth
15:20 RA3 R. Kretzschmar

15:40 - 16:00 - Coffee break

16:00 - 18:30 - Poster session

17:00 - Refreshments

How can magnetic resonance imaging (MRI) and particulate contrast agents with finely
tuned interfacial properties help understanding particle transport in soil.

Transport and deposition of nanoparticles in (model) soils

Transfer of TiO, nanoparticles in a sandy porous medium driven by the adsobing natural
organic matter

Bactericidal activity of Ag/CeO, catalysts against Escherichia coli

Nanoscale TiO, particles: relationship between surface properties and toxicity measure-
ments

Multibiomarker assessment of cerium and titanium dioxide nanoparticles

(NCeO, and NTiO,) sublethal effects on freshwater invertebrates

Interactions between microorganisms and TiO, nanoparticles in natural water

Relevance of interfacial phenomena for the fate and behaviour of synthetic ZnO nanopar-
ticles in aqueous environments

Aggregation of cerium oxide nanoparticles in aqueous solution

Adsorption of organic acids on magnetite nanoparticles, pH-dependent colloidal stability
and salt tolerance

Characterising nanoparticles in sub-oxic environments

Formation of Cu(0) and CuxS nanoparticles in a contaminated floodplain soil and its in-

fluence on Hg dynamics
(shifted from session A)

19:15 - International Advisory Board members meeting/dinner
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Wednesday, June 13

Parallel sessions

SESSION B: RESOURCES AND INTERFACES (Room Daum)

Chair : H.P. van Leeuwen

08:45

09:10

09:30

09:50
10:10

KB2

RB9

RB10

RB11
RB12

0. Johnson

T. Kone

Lin Li

G. Echevarria
R.A. Kristanti

10:30 — 10:50 - Coffee break

Chair : A. Dabrowski

10:50
11:10
11:30

11:50
12:10

RB13
RB14
RB15

RB16
RB17

S.S. Nielsen
T. Wajima
Hongjie Wang

Chengzhi Hu
H.T.B.M. Petrus

12:30-14:00 - Lunch

Chair : E. Klumpp

14:00
14:20

14:40

15:00

15:20

RB18
RB19

RB20

RB21

RB22

0. Riba
Chih-Chao Wu

Haibo Wang

C. Meyer

D.E. Akretche

15:40 — 16:00 - Coffee break

Chair : Lin Li
16:00 RB23 Yuxuan Wang

16:20 RB24 S.K.Sharma
16:40 RB25 Yafei Wang

Exploratory research: low-frequency acoustic energy-enhanced bacterial transport in po-
rous media

Numerical and experimental investigation of coupled processes affecting transport of an
organic pollutant in biofilm-coated porous media

Microbial and chemical characteristics in the removal of landfill odors by an integrated-bio-
reactor
Modelling nickel mobility in mining spoils from ultramafic laterites

Sustainable degradation of nitrophenols in the rhizosphere of Spirodela polyrrhiza using
rhizoaugmentation

Stabilization of arsenic, chromium and copper polluted soil by iron oxide amendment
Removal behavior of phosphate from aqueous solution by calcined paper sludge

Effect of calcination on the stability and leachability of arsenic in the arsenic bearing ferric
and manganese binary oxide

Copper-cyanide complex removal by a novel dual function polyaluminum chloride

Separation of tennantite from chalcopyrite: atomic force microscopy and UV-vis spectros-
copy study

Reactivity and fate of iron and iron/nickel nanoparticles in uranium contaminated water
Using chlorine dioxide as pre-oxidation combine with low ph coagulation to enhance the
removal of natural organic matters.

Combined uv light and chlorine disinfection of reclaimed water: effects on corrosion and
water quality within distribution systems

Development of an in situ remediation technology for btex-contaminated groundwater by
the use of iron oxide nanoparticles

Electroremediation of drilling muds using facilitating agents

Evaluating china’s bc emission inventory using bc to co ratios: integrated analysis of in situ
observations and modeling

Microbial approach: an aid to environment regeneration — a case study from india

Catalytic oxidation of o-xylene over pallidium supported on Co,O, catalyst

18:45 - Welcoming drink at the City Hall of Nancy (Place Stanislas)

19:30 - Gala dinner in the «Grands Salons» of Nancy City Hall
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Wednesday, June 13

Parallel sessions

SESSION C: INTERFACIAL PROCESSES (Room Gallé)
Chair : Y. Adachi

08:45

09:10

09:30

09:50
10:10

KC2 B.LT Lau

RC8  J. Kruger

RC9 K. Sasaki

RC10 B. Campredon
RC11 M. Hebrant

10:30 — 10:50 - Coffee break

Chair : S. Barany

10:50

11:10

11:30

11:50
12:10

RC12 J.Puy

RC13 . Zelano

RC14 Qingxin Ma

RC15 P. Moreau
RC16 W. Budianta

12:30-14:00 - Lunch

Chair : R. M. Town

14:00

14:20

14:40

15:00

15:20

RC17 M. Avena

RC18 M. Graouer
-Bacart

RC19 P. Trens

RC20 P.P. Remy

RC21 A.Zegeye

15:40 - 16:00 - Coffee break

Adsorption of metal-based nanoparticles: the importance of surface modification from
simple to complex organics

Restructuring of organic coatings upon drying: consequences for the accessibility of sorp-
tion sites

Sorption of borate on calcined products of natural dolomite: effect of calcination tempera-
tures

Modelling As(V) sorption behavior on natural and purified illite

Reactivity of colloidal suspensions of organically modified silica toward metal ions, kinetics
and thermodynamic aspects

Impact of ionic strength and resin thickness on metal accumulation in diffusive gradients in
thin films (DGT)

Nickel (bio)availability in ultramafic systems from goias, brazil: an overlook of the soil com-
partments.

Heterogeneous reaction of acetic acid on MgO, alpha-Al,O,, and CaCO, and the effect on
the hygroscopic behavior of these particles

Interactions between Eu(lll), phenolic acids and alumina nanoparticles

Sorption of organics contaminant by clayey soil contaminated with heavy metals

Competition between glyphosate and phosphate for the surface of goethite. Adsorption
and ligand exchange

Co-adsorption of enrofloxacin and copper(ll) on a chalky soil

Highly efficient removal of methyl mercaptan and carbonyl sulfide traces using adsorption
and catalysis on zeolites and layered double hydroxides

Comparative reduction kinetics of both organic and inorganic pollutants by chemically syn-
thesized and biomineralized Fell-Felll green rusts

Selectivity and reactivity of hydroxycarbonated green rust during nitrate reduction: effects
of pH, phosphate and total iron concentration

18:45 - Welcoming drink at the City Hall of Nancy (Place Stanislas)

19:30 - Gala dinner in the «Grands Salons» of Nancy City Hall
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Thursday, June 14

Plenary session
SESSION F: ENVIRONMENTAL MICROBIOLOGY (Room Daum)

Chair : R. Briandet

08:45 IF1 S.Pillai Systems ecotoxicology: from transcriptomics, proteomics and metabolomics to phenomics
09:30 RF1 S.Jomini Electrostatic interactions between nanoparticles and bacteria: how a simple modification of
the ames test revealed mutagenicity of TiO, nanoparticles?

09:50 RF2 Ji-Zheng He New insights into microbial mechanisms of nitrification in acid soils
10:10 RF3 F.Jorand Control of the routes for microbial formation of the hydroxycarbonate Fell-Felll (green rust)

and magnetite by ionic and nonionic polymers

10:30 — 10:50 - Coffee break

Chair : S. Pillai
10:50 IF2 R.Briandet Spatial dynamics in biofilms architectures
11:35 RF4 A.G. Guezennec Treatment of arsenic contaminated mining water using biofilms
11:55 RF5 T. Lescure Bacterial oxidation of arsenic in polluted soils: role of organic matters
12:15 RF6 M. Etique Control of the hydroxycarbonated green rust stability, a transitory phase from Fe(ll) oxida-

tion by Azospira oryzae

Closing ceremony
12:35-12:50 J.F.L. Duval, IAP2012 Conference Chair

D. Waite, President of the International Advisory Board for IAP conferences

13:00 - Lunch and end of conference

14



Posters

By name of the presentating author

SESSION A: SYNCHROTRON SOURCE AS A TOOL IN ENVIRONMENTAL SCIENCE

PA1

E. Montarges-Pelletier

PA2 C.Quantin

Micro-scale investigations of the fate of heavy metals associated to iron-bearing colloids in a
highly polluted stream.

Speciation and fractionation of nickel in pyrometallurgical by-products: consequences for
ultramafic environments

SESSION B: RESOURCES AND INTERFACES

PB1
PB2

PB3

PB4

PB5
PB6

PB7
PB8

PB9
PB10
PB11

PB12

PB13

PB14
PB15

PB16
PB17

PB18
PB19
PB20

PB21

PB22
PB23
PB24

Rogerio Traballi
Honghai Wu

SM Shafiqul Alam

M.T. Ammami

S. Ansanay-Alex
S. J.Bash Al-Malikey

L.S.Belaroui

J.L. Bersillon

A.B. Bigalyev
L. Bouabdalaoui
L. S. Coulibaly

DabrowskiA

M.C. Dictor

A.Djafer
Dong Liu

M. Duc
Fathi Elosta

A. Eswayah
P. Faure

S. Semrany

L. Filippov

L. Filippov
A. Halajnia

L. Hassenboehler

Mobile infrastructure in a agricultural production

Decolorization-degradation of the azo dye orange G via heterogeneous fenton reaction by
waste zinc bearing magnetite compared with synthesized magnetite

Does climate change a threat to urban governance in bangladesh? An overview on dhaka
mega-city

Enhanced electrokinetic remediation of heavy metals and pahs from dredged marine sedi-
ment

Adsorption of pesticide and pharmaceutical compounds on natural porous minerals

Effect of filling media on the performance of trickling filters used
For the treatment of municipal waste water

Study of methylen blue adsorption on the algerian palygorskite

Choice of an adsorbent for glyphosate immobilization and biodegradation — physical chemical
properties

Determining level of damaged ecosystems of caspean sea area
Fe/P/S interface as anode in microbial fuel cell for the treatment of wastewater

Adsorption of phosphate by laterite and sandstone from ivory coast: absorbent dose effect
and kinetic

Ordered mesoporous organosilicas as sorbents of heavy metal ions

Efficiency of arsenic oxidizing bacterial biofilms for arsenic contaminated drinking water
treatment

Biosorption of Cr(VI) by yeast supported on granular pouzzolan in fixed-bed reactor

Preparation of hierarchically porous carbon with high adsorption capability by using diato-
mite as template and catalyst

The civil engineering use of methylene blue dye adsorption on fine mineral particles

Simulation geological environmental shortage water of groundwater and the possibility of
activity earthquake Jafarah basin NW Libya

An investigation into heavy metal removal from contaminated sediments using soil washing
Remediation of pah-contaminated soils by magnetite catalyzed fenton-like oxidation

Degradation of carbamazepine by trametes versicolor strain grown on various organic supple-
ments

Synergistic effects in mixed collector systems: hf-free flotation method for separation of
feldspars ore

Reducing of CO, emission by carbonation of saline waste solution
The removal characteristics of nitrate and phosphate by Mg-Al-LDHs

Activated sludge behavior in the presence of household micropollutants
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SESSION B: RESOURCES AND INTERFACES

PB25

PB26
PB27
PB28

PB29

PB30
PB31
PB32
PB33

PB34

PB35
PB36
PB37
PB38
PB39

C. Magnenet

G. Mamytbekov
A. Mefti
A. Mohamadou

W. Oueslati

S. Peulon

J. P. Pinheiro
P. Piriou

B. Prelot

J.A. Rodriguez-
Liébana

A. V. Sineva

R. Traballi

R. Traballi

T. Woignier
Peng Yuan

Functionalization of organic membranes by polyelectrolyte multilayer assemblies. Application
to the decontamination of aqueous solutions

Colloidal-chemical aspects of in-situ leaching of uranium
Reducing power and carbon footprint of the Boumerdes wastewater treatment plant

Synthesis of task specific ionic liquids for the metal extraction

Relation between hydrous strain and the cationic exchange process in the case of Na-rich mont-
morillonite : quantitative xrd description

Degradation of indigo carmine solutions by thin films of birnessite electrodeposited.
Characterization of low dispersity anionic multi-responsive core-shell polymer particles
Effect of chloride salts on the mean bubble diameter in a flotation column

Effect of cation competition on strontium uptake by type 4A zeolite from multi-component
aqueous solutions

Variation in inorganic and organic soil solution composition induced by incubation of an acid
soil with organic wastes

Water purification from surfactants by natural adsorbents

Mobile infrastructure in a agricultural production

Best number of sample: soil fertilized with sewage sludge

Effect of the fractal microstructure of clay on the sequestration of a pollutant in soils

The adsorption of Cu(ll) cations by the surface-silylated diatomite (diatomaceous earth) and
the effects of heating on the surface silylation

SESSION C: INTERFACIAL PROCESSES

PC1

PC2
PC3

PC4
PC5
PC6
PC7
PC8
PC9

PC10
PC11
PC12

PC13
PC14

PC15
PC16
PC17
PC18
PC19

J. Arfaoui

J. Ciesla
D.M. Prieto

X.M. Dou
J.F.L. Duval
Hongjie Wang
N. Janot

M. Kobayashi
J. K. Lee

C. Liu
N. Marmier
J. A. Mbey

T. Missana

T. Missana

T. Missana
[.Mnif

S. Mongin
M.N. Pons
B. Prelot

Comparative study of the promotional effect of second metal (V, Mo, W or Ce) for the low tem-
perature SCR of NO_with NH, over derived sol gel modified TiO,

Acid and alkali effect on surface properties of soils and their mineral constituents

Evaluation of phosphorous adsorption and desorption capacity of episammic biofilms develo-
ped on streambed sediments

Remediating fluoride from water using hydrous zirconium oxide

Electrolyte interface : challenging macroscopic approaches for ion specificity issues

Adsorption of Cu(ll) by aminopropyl-functionalized mesoporous 6-MnO, from agueous solution
Influence of solution parameters on europium(lll), a-AlLLO,and humic acid interactions
Coagulation and charging of latex particles in the presence of natural clay nanotube imogolite

Effects of geochemical conditions on the sorption of uranium, neptunium, and americium by
gratite

Heterogeneous reaction of NO, on TiO,: effect of crystalline phase on surface species
Behavior of carbon-14 in cementitious materials

The role of the starch matrix-kaolinite filler interface in composite biopolymer films

Modelling of Se(IV) sorption on titanium oxide colloids and effects of sorption on colloid stability

Adsorption processes in heterogeneous rock: top-down vs bottom up approach in modelling
experimental data.

Micro-scale study of uranium retention on granite

Behavior of polyacrylamide flocculants and acrylamide in model clays and soils
Speciation of cadmium using dgt sensors in quasi-equilibrium conditions
Image analysis applied to long-term monitoring of biofilms

Competitive sorption involved in wasterwater treatment: contribution of titration calorimetry
to the understanding of competitive mechanisms
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SESSION C: INTERFACIAL PROCESSES

PC20

PC21

PC22
PC23

PC24

PC25

PC26

B. Prelot
J.A. Rodriguez
-Liébana
H. Tamon

L. Temdrara

M.Terashima

H. Wang

C.Yang

Correlation between surface energy and hydration properties of montmorillonite saturated with
heavy metals

Increased sorption of two pesticides on a soil from a mining area added with sewage sludge

Synthesis of high-strength zeolite monolith by steam-assisted crystallization

The modification effects on the pore structure properties of activated carbon for the adsorption
of phenol

Modification of the generic nica-donnan model parameter for the modeling of Eu bindings by
deep groundwater humic substances

Electrochemical reduction of CO, to organic acid by a PD/MWNTS gas-diffusion electrode in
aqueous medium

Tylosin sorption and thermodynamics on minerals

SESSION D: ENVIRONMENTAL COLLOIDS AND INTERFACES

PD1

PD2
PD3
PD4
PD5

PD6
PD7
PD8

PD9

PD10

PD11

PD12
PD13

PD14
PD15

C. Dika

C. Jiang
J. Martin
T. Missana

E. Montarges
-Pelletier

H. Morisaki
Mutaliyeva B.Zh

Narkiewicz-
Michatek

W. Oueslati
W. Oueslati

S. Peulon

Elise Rotureau
W. Rudziniski

M. Szymula
Y. Tsujimoto
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INTERFACIAL PROCESSES ON COLLOIDS AND ROCK SURFACES INVESTIGATED BY LASER- AND
SYNCHROTRON BASED SPECTROMICROSCOPIC TECHNIQUES

Schéfer T.,“?* Huber F.,*2 Claret F.,* Darbha G.K.,* Chagneau A. *? Jacobsen C.*

1 Karlsruhe Institute of Technology (KIT), P.O. Box 3640, D-76021 Karlsruhe, Germany
2 Dep. of Earth Sciences, Inst. of Geological Sciences, Freie Universitat Berlin, Germany
3 BRGM, 3 Avenue Claude-Guillemin, BP 36009, Orléans Cedex 2, France
4 Argonne National Laboratory, Argonne, IL, USA

thorsten.schaefer@kit.edu

Transport of pollutants can occur in the aqueous phase or for strongly sorbing pollutants associa-
ted on mobile solid phases spanning the range from a couple of nanometers up to approx. ~1um;
usually called colloids or nanoparticles [1,2]. A new form of pollutants are engineered nanoparticles
(ENP’s), where properties differ substantially from those of bulk materials of the same composi-
tion and cannot be scaled by simple surface area corrections. Potential harmful interactions with
biological systems and the environment are a new field of research [3]. A challenge with respect to
understand and predict the contaminant mobility is the contaminant speciation, the aquifer surface
interaction and the mobility of nanoparticles. Especially for colloid/nanoparticle associated conta-
minant transport the metal sorption reversibility is a key element for long-term mobility prediction.
The spatial resolution needed is clearly demanding for nanoscopic techniques benefiting from the
new technical developments in the laser and synchrotron community [4]. Furthermore, high energy
resolution is needed to either resolve different chemical species or the oxidation state of redox sen-
sitive elements. In the context of successful planning of remediation strategies for contaminated si-
tes this chemical information is categorically needed. In addition, chemical sensitivity as well as post
processing methods extracting trace chemical information from a complex geo-matrix are required.
The presentation will give examples of homogeneous and heterogeneous secondary phase formation
changing the surface roughness of aquifer material, the speciation of radionuclides through incorpo-
ration in these newly formed phases [5], the changes of surface roughness and colloid attachment
via mineral dissolution/precipitation reactions [6] and the sorption of humic substances on mineral
surfaces leading to functional group fractionation and consequently different metal binding environ-
ment as unraveled by time resolved laser fluorescence measurements [7]. Furthermore, aquifer flow
path heterogeneity is driving the mobility/retention of colloids/nanoparticles, which can be resolved
by tomographic (CT) methods [8]. Reactive transport models use usually simplified geometrical as-
sumptions which are essential to properly predict pore clogging. Here, implementation of 3D uCT
information will overcome these shortcomings. Examples of contaminant transport up-scaling from
laboratory scale (umdm) to field scale experiments in underground research laboratories (URL's) will
be discussed and based inter alia on the examples given current challenges and potential new direc-
tions will be highlighted in the outlook of the presentation.

[1] T. Schéfer, F. Huber, H. Seher, T. Missana, S. Eidner, F. Enzmann Appl. Geochem. 2012, 27, 390.
[2] R. Kretzschmar, T. Schéafer Elements 2005, 1, 205.

[3] B. Nowack, T.D. Bucheli Environmental Pollution 2007, 150, 5.

[4] R. Falcone, C. Jacobsen, J. Kirz, D. Shapiro, J. Spence Contemporary Physics 2011, 52, 293-318.
[5] K. Holliday, A. Chagneau, F. Claret, T. Schafer, T. Stumpf Dalton Transactions 2012, 41, (13).

[6] G.K. Darbha, T. Schafer, F. Heberling, A. Littge, C. Fischer Langmuir 2010, 26, 4743.

[7]1 F. Claret, T. Schéfer, J. Brevet, P.E. Reiller Environ. Sci. Technol. 2008, 42, 8309.

[8] F. Huber, F. Enzmann, A. Wenka, M. Dentz, T. Schafer J. Contam. Hydrol. 2012, 133, (0), 40-52.
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COMBINATION OF MULTI-SCALES AND MULTI-EDGES X-RAY SPECTROSCOPIES FOR THE INVESTI-
GATION OF KAOLINITE AND METALLIC IRON INTERACTIONS

Rivard C.,“** Montargés-Pelletier E.,? Bihannic I.,“?Vantelon D.,? Pelletier M., Michot L.J.,*?
Villiéras F.,%2 Michau N.*

!Université de Lorraine, LEM, UMR 7569, Vandoeuvre-lés-Nancy, F-54500, France.
2 CNRS, Laboratoire Environnement et Minéralurgie, UMR 7569, Vandoeuvre-lés-Nancy, F-54500, France.
3 Synchrotron Soleil, Gif-sur-Yvette, F-91192, France.
4 ANDRA, Chatenay-Malabry, F-92298, France.

rivard.camille@gmail.com

In the context of the geological disposal of high-level radioactive waste, it is of prime importance to
understand the interaction mechanisms between the geological matrix and the iron waste package
overpack. In order to evidence the individual role of each clay component entering in the mineralogy
of the Callovo-Oxfordian clay rock, batch experiments were conducted using pure clay phases (smec-
tite, illite and kaolinite) mixed with metallic iron in conditions close to those of the underground
disposal: 90°C and anoxic atmosphere (Rivard [1]).

As far as kaolinite-metallic iron interactions are concerned, classical characterization methods evi-
dence a partial oxidation of metallic iron and a moderate destabilization of the kaolinite associated
to the formation of a Fe-serpentine species, berthierine (Rivard et al. [2]). To precise the structure
of this neoformed phase, synchrotron-based spectroscopic investigations were performed at Si, Al
and Fe edges at bulk, micrometric and nanometric scales (Lucia beamline on Soleil Synchrotron and
beamline ID10* at the Canadian Light Source).

XANES and EXAFS analyses reveal that iron is mainly ferrous, octahedrally coordinated and clustered
with changes in status from one particle to another. Silicon spectra is slightly affected and still close
to the signal of initial kaolinite, which suggests that kaolinite platelets remain present, even for high
iron contents. Investigations at Al K-edge evidence the presence of tetrahedrally coordinated alumi-
num and variations of Al'Y/AlY' ratio at both aggregate and particle scales. Whatever the investigation
scale, particles appear to be constituted of kaolinite and berthierine layers. By combining spatially-
resolved spectroscopic analyses and TEMEDXS elemental distribution, it is then possible to calculate
unit cell formulae for the neoformed Fe-serpentines layers as well as abundance of each species in
mixed particles. For most investigated particles, results reveal that the variations of particles compo-
sition are directly linked to the relative contributions of kaolinite and berthierine in mixed particles.
However, for some of them, microscale investigations evidence the crystallization of two other end-
members of the Fe-serpentines serie devoid of aluminum: cronstedtite and greenalite.

[1] C. Rivard Contribution a I’étude de la stabilité des minéraux constitutifs de I'argilite du Callovo-
Oxfordien en présence de fer a 90°C 2011 INPL Thesis, France.

[2] C. Rivard, M. Pelletier, N. Michau, A. Razafitianamaharavo, I. Bihannic, M. Abdelmoula, J. Ghan-
baja, F. Villiéras Submitted to Am Miner.
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FE(I1)-MEDIATED TRANSFORMATION OF FERRIHYDRITE TO GOETHITE AND ASSOCIATED REDUC-
TION OF U(VI) TO U(V): THERMODYNAMIC AND KINETIC CONSIDERATIONS

Waite T. David, Boland D. and Collins R.N.

School of Civil and Environmental Engineering, The University of New South Wales, Sydney, NSW 2052, Australia

d.waite@unsw.edu.au

Results by both our own group and others suggest that the Fe(ll)-mediated transformation of ferri-
hydrite to more crystalline forms such as goethite is critical to the reduction of adsorbed or incorpo-
rated U(VI) to U(V) or U(IV) species (e.g., Boland et al., 2011). More recent (as yet unpublished) fin-
dings using a novel quick-XAFS method to follow iron oxide transformation and XANES spectroscopy
to determine uranium redox state confirm that the rate of reduction of U(VI) to U(V) is similar to the
rate of transformation of ferrihydrite to goethite with the rate of iron oxide transformation determi-
ned by the extent of adsorption of Fe(ll) to the ferrihydrite surface. These results will be presented
and used as the basis for analysis of thermodynamic and

Kinetic aspects of the transformation of iron oxides and associated uranium species. The key reac-
tions of Fe(ll) adsorption, electron transfer and atom exchange will be discussed with the status of
these reactions fundamental to establishment of the local redox potential- the critical determinant
of U(VI) reduction.

Boland, D.D., Collins, R.N., Payne, T.E. and Waite, T.D. (2011). Effect of Fe(lll) oxide transformation
on the Fe(ll)-mediated reduction of U(VI). Environ. Sci. Technol. 45(4), 1327-1333.
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FORMATION OF Cu(0) AND CuxS NANOPARTICLES IN A CONTAMINATED FLOODPLAIN SOIL AND
ITS INFLUENCE ON HG DYNAMICS

Kretzschmar R.,** Hofacker A.,* Weber F--A.,?> Kaegi R.,> Voegelin A.*

! Institute of Biogeochemistry and Pollutant Dynamics, ETH Zurich, CHN F23.1, Universitaetstrasse 16, Zurich, CH,
8092, Switzerland.
2Eawag, Swiss Federal Institute of Aquatic Science and Technology, Duebendorf, 8600, Switzerland

kretzschmar@env.ethz.ch

Riparian floodplain soils are frequently contaminated with a variety of trace metals resulting from
decades to centuries of emissions from mining, municipal waste water, or industry. These soils are
typically affected by redox fluctuations induced by periodic flooding and drainage, which can occur
in different seasons of the year. To investigate the temperature-dependent dynamics of trace metal
release to pore water induced by soil flooding, we conducted soil microcosm experiments at 5, 14,
and 23°C using a contaminated soil from the Mulde River, Germany [1,2]. Pore water sampled du-
ring 33 days of flooding was analyzed for dissolved (<0.025 um) and colloidal metal concentrations,
S042-, DOC, pH, and Eh, respectively. Colloids were characterized by transmission electron micros-
copy (TEM) and X-ray absorption spectroscopy (XAS) at the Cu-K and Hg-LIll edges, respectively. TEM
and XAS revealed rapid formation of metallic Cu(0) nanoparticles upon flooding [1]. Hg(0) was also
formed and incorporated into the crystal lattice of metallic Cu(0). With onset of sulfate reduction,
Cu(0) particles were transformed to CuxS. TEM results suggested that Hg was then incorporated into
Cu-rich metal sulfides either as mixed sulfide or as a separate HgS phase. Our new results suggest
that the reduction of Cu(ll) to Cu(0) and the subsequent transformation to metal sulfides [2] are
strongly temperature dependent and that these microbiallydriven processes may have important
implications for the dynamics of Hg in soils with mixed metal contamination.

[1] F-A. Weber, A. Voegelin, R. Kaegi, R. Kretzschmar Nature Geoscience 2009, 2, 267.
[2] F-A. Weber, A. Voegelin, R. Kretzschmar Geochim. Cosmochim. Acta 2009, 73, 5513.

25



Eﬁ . . . . KA1l
Session A: Synchrotron source as a tool in environmental science

SPECIATION OF URANIUM(IV) SPECIES IN A BIOREDUCED AQUIFER

Janot N.'*, Bargar J.R.%, Lezama-Pacheco J.}, Stubbs J.E.2, Williams K. H.3, Long P.E.3, Suvorova E. *, Stylo
M.4 Alessi D.%, Bernier-Latmani R.#, Campbell K.5, Davis J.A.3, Fox P.3, Cerrato J.M.5, and Giammar D.E.®
tStanford Synchrotron Radiation Lightsource, Menlo Park, CA, USA
ZUniversity of Chicago, Chicago, IL, USA
3 Lawrence Berkeley National Laboratory, Berkeley, CA, USA
“Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
5> US Geological Survey, Boulder, CO, USA
®Washington University, St. Louis, MO, USA
njanot@slac.stanford.edu
Uranium contamination of groundwater is a concern at several US Department of Energy sites, such
Old Rifle, CO. Uranium transport in the environment is mainly controlled by its oxidation state, oxi-
dized U(VI) being highly soluble, and then mobile, whereas reduced U(IV) precipitates easily. Bio-
remediation techniques of contaminated aquifers aim at immobilizing uranium in a reduced form.
Previous laboratory and field studies have shown that the addition of an electron donor (lactate,
acetate, ethanol) to the groundwater stimulates the activity of metal-reducing bacteria, which pro-
motes U(VI) reduction in contaminated aquifers. Obtaining information on chemical and physical
forms of U(IV) species for sediments biostimulated in the field is challenging due to the low concen-
tration of uranium in the aquifers (typically < 10 ppm). An in-situ technique has been developed for
studying uranium reduction dynamics during such bioremediation episodes. This technique uses
in-well columns to obtain direct access to chemical and physical forms of U(IV) produced, evolving
microbial communities, and trace and major ion groundwater constituents.
The aim of this work was to assess the formation of U(IV) during the early stages of a bio-remedia-
tion experiment, in Fe-reducing conditions, at the Old Rifle site, CO. Several in-well chromatographic
columns packed with sediment were deployed and were sampled at different days. X-ray absorption
spectroscopy and Xray microscopy were used to obtain information on Fe and U speciation and
distribution. Chemical extractions of the reduced sediments have also been performed to study the
rate of Fe(ll) and U(IV) accumulation.
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DISTRIBUTION AND SPECIATION OF NICKEL IN HYPERACCUMULATING PLANTS
FROM SOUTH AFRICA

Montargés-Pelletier E.'*, Mesjasz-Przybylowicz J.2, Echevarria G.3, Briois V.%, Barnabas A.%, Sechogela P. ?,
Groeber S.2 and Przybylowicz W. °

!Laboratoire Environnement et Minéralurgie, CNRS Université de Lorraine, F- 54500 Vandoeuvre les Nancy, France
2Materials Research Department, iThemba LABS, Somerset West 7129, South Africa
3Laboratoire Sols et Environnement, INRA Université de Lorraine, F- 54505 Vandoeuvre les Nancy cedex, France
4SOLEIL, SAMBA beamline, 'Orme des Merisiers, Saint Aubin, 91192 Gif sur Yvette cedex, France
>on leave from the Faculty of Physics and Applied Computer Science, University of Science & Technology, Krakow,
Poland

emmanuelle.montarges@univ-lorraine.fr

Hyperaccumulation is an unusual plant response to soils enriched with heavy metals such as Ni,
Co, Zn, and Cd. However, about 2% of plants inhabiting these soils take up and accumulate large
guantities of heavy metals in their shoots: a phenomenon known as hyperaccumulation. It has been
reported for more than 450 species, mainly Ni accumulating species (about 400) [1,2]. In order to
better understand the physiological processes lying behind hyperaccumulation, microanalyses were
performed, involving two hyperaccumulating plant species, collected in their native habitat

Two South African Ni-hyperaccumulating plants from the Asteraceae: Berkheya coddii Roessler and
Senecio coronatus (Thunb.) Harv. were collected on ultramafic soils in the Barberton area (Mpu-
malanga Province, South Africa). Plant samples were cryo-fixed in liquid propane and freeze-dried.
Microanalyses of elemental concentration and distribution were performed using particle induced
X-ray emission (PIXE, nuclear microprobe at iThemba LABS, South Africa). Spatially resolved X-ray
absorption experiments were performed on SAMBA beamline to investigate nickel distribution and
speciation within cross-sections of leaves, stems and roots. Incident X-ray beam was reduced in size
using a pinhole for a first series of experiments, and using a monocapillary for a second series of ex-
periments. Regions of interest were selected within the different plant tissues by direct visualisation,
with the support of elemental profiles and maps acquired by X-ray fluorescence. XAS spectra were
then collected at Ni K-edge, at room temperature.

The results show that Ni is predominantly complexed by weak or middle-strong organic ligands,
through the presence of carboxylate groups in the first sphere of coordination. Chelation could be
definitely excluded from major accumulation mechanism. Spectroscopic signals strongly support the
predominance of citrate and malate, low molecular weight ligands, for nickel transport and storage
in the hyperaccumulators S. coronatus and B. coddii, growing in their natural environment.

[1] R.R. Brooks, J. Lee, R.D. Reeves, T. Jaffré, ). Geochem. Explor. 1977, 7, 49.
[2] E. Maestri, M. Marmiroli, G. Visioli, N. Marmiroli, Envir. & Experim. Bot. 2010, 68, 1.
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CHROMIUM SPECIATION AND DYNAMICS IN TROPICAL ULTRAMAFIC SOILS:
A SYNCHROTRON BASED STUDY

Quantin C., **, Garnier J., 2, Montargeés-Pelletier E., 3, Vantelon D., 4, Guimaraes E. M., 2, Becquer T.?

1 UMR 8148 IDES, UPS11-CNRS, Bat. 504, 91405 Orsay Cedex, France
2 |nstituto de Geociéncias, Universidade de Brasilia, CEP 70910-900 Brasilia — DF, Brazil
3 UMR 7569 LEM, CNRS-INPL, 54501 Vandoeuvre-lés-Nancy Cedex, France
4 Synchrotron SOLEIL, L'Orme des Merisiers, St Aubin, 91192 Gif sur Yvette Cedex, France
> UMR 210 Eco&Sols, IRD-INRA-SupAgro, 34060 Montpellier Cedex 2, France

cecile.quantin@u-psud.fr

Ferralsols developped from ultramafic rocks in the massif of Niquelandia (Brazil) are extremely rich in
Fe (271 to 513 g kg™*) but also in “trace”metals like Ni and Cr. Despite high chromium concentrations
in ultramafic soils (6,135 to 9,270 mg kg™), Cr availability is generally low, as Cr-bearing minerals are
considered stable in supergene conditions. However, KH,PO, extractions associated to isotopic ex-
change kinetics have shown a high Cr(VI) availability in Ferralsols developed on the ultramafic massif
of Niquelandia (Brazil) [1].

A study combining mineralogical, geochemical, uSXRF and XANES approaches was performed to
assess the solid speciation of Cr and to understand its geneses. Chromium is mostly present in the
trivalent form and is included in chromites and Fe-oxides. Nevertheless, a large amount of hexava-
lent chromium is associated with the clay-sized fraction in the mineral horizons. Mn-oxides, the only
natural Cr(lll) oxidants, are also present in these horizons.

Microscale investigations revealed the close association of Cr(VI) with Mn-oxides and strongly sug-
gest that Mn-oxides can oxidize Cr(lll) into Cr(VI). The XANES analyses show the occurrence of Cr(VI),
which is completely removed by KH_PO, extraction, demonstrating that the Cr(VI) is completely sor-
bed onto the soil matrix, i.e., Fe-oxides.

Finally, the high mobility of Cr(VI), associated with the finest Fe-oxide particles mobilized during ru-
noff following rainy events, may have harmful environmental consequences.

This approach of combining direct and indirect observations allows us to characterize the total ex-
tractable Cr(VI) pool of these soils and to give key information on its mobility and localization.

[1] J. Garnier, C. Quantin, G. Echevarria, T. Becquer J. Soils Sediments 2009, 9, 468.
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TEXTURAL ORGANISATION OF CLAY-RICH ANISOTROPIC POROUS MATERIALS:
A NEUTRON SCATTERING STUDY.

Bihannic I.,%,* Rivard C.,! Pelletier M., ! Michot L.J., * Hubert F., 2 Ferrage E.,  Villiéras F.!

! Laboratoire Environnement et Minéralurgie, CNRS-Université de Lorraine, UMR 7569, BP40,
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2HydrASA, CNRS-Université de Poitiers, UMR 6269, rue Albert Turpain, F-86022 Poitiers Cedex

isabelle.bihannic@univ-lorraine.fr

Argillaceous rocks are weakly permeable porous media with an extremely complex network of pores
extending from nanometric to millimetric length scales. These materials display two specific features
adding to their complexity: (i) their structure evolves under the action of various physical and che-
mical parameters (water content, temperature, chemical composition of fluids), and (ii) they exhibit
an anisotropical texture and organization that results in observable anisotropic properties such as
thermal conductivity or hydraulic conductivity.

Understanding and predicting the macroscopic behavior of these materials then clearly requires a
detailed multi-scale analysis of the network in terms of both morphology (pore and particles size and
shape), and topology (organization, orientation and connectivity). Special attention must be devo-
ted to the sub-micronic scale, as many crucial processes impacting porosity (e.g. shrinkage-swelling
of clays, dissolution-precipitation of carbonates leading to the filling of small pores) occur at such
length scales.

We report here results obtained by neutron scattering (diffraction and small angle scattering (SAS))
on argillaceous rocks subjected to various humidity conditions. Such techniques are particularly re-
levant as they allow studying centimetric samples making use of neutrons high penetrating power.
Furthermore, combining diffraction and SAS makes it possible to investigate the material properties
of interest at different length scales. In the diffraction domain, the orientation distribution functions
of the minerals constituting the rocks can be retrieved from a careful analysis of Bragg peaks inten-
sity. In parallel, anisotropy of small angle scattering 2D patterns provides information about fabric at
length scales of few tens of nanometers. Combining results from both approaches yields a relevant
picture of the 3D organization of clay-rich rocks that could be further used for refining reaction-
transport models in complex media.
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MICRO-SCALE INVESTIGATIONS OF THE FATE OF HEAVY METALS ASSOCIATED TO IRON-BEARING
COLLOIDS IN A HIGHLY POLLUTED STREAM.

Montarges-Pelletier E.}, Duriez C.}, Ghanbaja J. 2, Mouton L.2, Falkenberg G.3, Michot L.J.}

ILEM, CNRS Université de Lorraine, 15 avenue du Charmois, BP 40, 54500 Vandoeuvre-les-Nancy, France
2SCMEM, Université de Lorraine, Boulevard des Aiguillettes, BP 239, 54506 Vandoeuvre Lés-Nancy
3Hamburger Synchrotronstrahlungslabor (HASYLAB) at DESY, Notkestr. 85, D-22603 Hamburg, Germany

emmanuelle.montarges@univ-lorraine.fr

Metallic pollution in aquatic systems represents a major environmental concern due to the persis-
tence and toxicity of heavy metals. Studies on metaldegraded aquatic systems must analyze metal
speciation in at least three compartments, the dissolved fraction, the sediments and the colloidal
fraction that has been shown to play a major role in the transport and speciation of toxic substances.
In solid phases, besides global metals concentrations and speciation, spatially resolved information
must be obtained due to the multi-scale heterogeneity of such materials, which calls for the use of
spectro-microscopic techniques. SEM and TEM provide high spatial resolution and can be advanta-
geously combined with Energy Dispersion of X-rays Spectroscopy (EDXS), which helps in the identi-
fication of poorly crystallized phases and metallic contaminants scavengers, that can not be identi-
fied by classical XRD. However, these techniques present a few drawbacks (high vacuum conditions,
beam damage, relatively high detection limits of EDXS). It is then worthwhile to combine them with
X-ray based techniques such as X-ray microfluorescence and X-ray microscopy (TXM and STXM). This
latter technique can be performed in wet conditions and provides spectroscopic information that
can be spatially resolved at a sub-micronic scale.

In the present study, we focus on the fate and status of heavy metals in a river flowing through
a dense steel making area, Fensch river. Chemical analyses reveal a significant evolution of heavy
metals contents along the river linear, that is related to changes in suspended materials that are
dominated by iron-bearing species. The link between those iron-bearing species and heavy metals is
clearly evidenced by combining TEM and SEM observations with synchrotron based X-ray microfluo-
rescence experiments. Further insight into iron status and oxidation state as a function of sampling
station is obtained through spatially resolved STXM investigations at Fe L-edges. Data thus obtained
can provide useful inputs for modeling heavy metal ecodynamics in continental aqueous systems.
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Garnier J. *
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Biogeochemical cycles of metals have been deeply modified by anthropogenic activities since the
industrial revolution [1]. The major headways obtained during the last decade in the comprehension
of biogeochemical cycles of metals are directly related to the strong development of X —ray Absorp-
tion Spectroscopy (XAS). Indeed, XAS is the only technique able to provide information about metal
chemistry at the molecular level, i.e. solid speciation, and it allows the quantification of metal bea-
ring species (even the diffuse ones) in dilute environmental samples with accuracy. This technology,
associated to geochemical investigations about leaching stability, provides keys to understand and
predict metal, here nickel, mobility and availability in environment.

Samples from the ultramafic massives of Barro Alto and Niquelandia (Goias State, Brazil), constituted
in ores, pyrometallurgical wastes (fly ash, slags), natural and waste impacted soils were characteri-
zed for their Ni speciation and extractability. The wastes contain high concentrations of Ni (1.3-23
g kg?), Fe (104-276 g kg*) and other metals like Cr. Thus, they are considered as hazardous materials,
because metals can be released into the environment during weathering processes partly depending
on their initial metal speciation [2], to result in fine in their potential bioaccumulation in plants.

Ni K-edge XAS data were collected in bulk and microbeam modes for Ni ore, pristine pyrometallurgi-
cal wastes before and after leaching (TCLP and DTPA procedures), to evaluate Ni extractability. TCLP
or DTPA leaching leads to the extraction of 0.3 to 8.1% of Ni depending on samples. XANES spectra
show that Ni is octahedrally coordinated. Linear Combination Fitting of EXAFS oscillations suggests
that Niin the ore is mainly involved in Ni-phyllosilicates and less than 20% in Ni bearing goethite. The
Ni speciation in wastes is dominated by olivine and ferronickel, and leaching procedures only slightly
impact Ni speciation.

To better understand Ni cycling in this environment, further investigations on isotopic signatures of
Ni will be undertaken. Indeed, the relatively high temperature processes occurring during pyrome-
tallurgy processes may be responsible of strong isotopic fractionation [3]. Hence, Ni species from
slags and fly ash should be easily distinguished from natural Ni species by their different isotopic
compositions. Thus, all anthropogenic materials and soils will be carefully studied for isotopic signa-
tures, in order to better trace anthropogenic Ni in this ecosystem.

[1] J.N. Rauch, J.M. Pacyna Glob. Biogeochem. Cycles 2009, 23, 1.

[2] V. Ettler, M. Mihaljevic, O. Sebek, L. Strnad J. Hazard. Mat., B 2005, 121,149

[3] Y. Sivry, J. Riotte, J.E. Sonke, S. Audry, J. Schafer, J. Viers, G. Blanc, R. Freydier, B. Dupre Chem.
Geol. 2008, 255, 295.
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Biesheuve| P.M.*?*
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Capacitive deionization (CDI) is a novel water desalination technology using oppositely placed po-
rous activated carbon electrodes to remove ions from water [1-5], see Fig. 1a. In an important mo-
dification of the technology, ion-exchange membranes are placed in front of each electrode, which
has several advantageous effects, to be discussed in the presentation [6,7]. In CDI, the electrodes
first adsorb salt at a certain cell voltage, Vcell, and later release the salt again at Vcell=0 to obtain a
concentrated brine. To describe CDI, tools from the field of colloid science and electrokinetics are
applied such as the Nernst-Planck equation for ion transport, and electrostatic double layer (EDL)
theory to describe ion storage (and not just charge) in the nanoporous carbon electrodes, for which
we develop a novel “modified Donnan” approach. These elements are combined in a two-dimensio-
nal dynamical porous electrode theory to describe the time-dependent operation of CDI. The theory
distinguishes between the large electroneutral transport pores (macropores) in the electrode, and
the micropores inside the carbon particles in which the EDLs are formed and ions are stored, see
Fig. 1b and refs [3,6]. This modeling framework is an essential tool in the design and optimization of
CDlI-systems.
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Fig. 1(a) Fig. 1(b) micropore

We show experimental and theoretical results of CDI in ion mixtures, where monovalent cations
adsorbed early on, are later kicked out of the electrodes again by more slowly adsorbing divalent
ions, resulting -after voltage reduction- in a water stream significantly enriched in divalent ions. This
approach has potential for the selective desalination of water, the harvesting of valuable multivalent
ions, and the selective removal of poisonous ions such as radionucleotides.

[1] S. Porada, L. Weinstein, R. Dash, A. van der Wal, M. Bryjak, Y. Gogotsi, P.M.

Biesheuvel, ACS Appl. Mat. & Interf. 2012. http://pubs.acs.org/doi/abs/10.1021/am201683j
[2] R. Zhao, P.M. Biesheuvel, A. van der Wal, J. Phys. Chem. Lett. 2010, 1, 205.

[3] P.M. Biesheuvel, M.Z. Bazant, Phys. Rev. E 2010, 81, 031502.

[4] P.M. Biesheuvel, B. Van Limpt, A. van der Wal, J. Phys. Chem. C 2009, 113, 5636.

[5] P.M. Biesheuvel, J. Colloid Interface Sci. 2009, 332, 258.

[6] P.M. Biesheuvel, R. Zhao, A. van der Wal, J. Colloid Interface Sci. 2011, 360, 239.

[7]1 P.M. Biesheuvel, A. van der Wal, J. Membrane Sci. 2010, 346, 256.
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ON THE REAL PERFORMANCE OF SOLID-SOLUTION SYSTEMS IN INDUSTRIAL WASTEWATER
TREATMENT: COMPARISON BETWEEN ORGANIC AND INORGANIC ION EXCHANGERS

Prelot B.,*, Ayed I., Araissi M., Marchandeau F., Zajac J.

Institut Charles Gerhardt de Montpellier, CNRS UMR 5253, Université Montpellier 2, Equipe Agrégats, Interfaces et
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There have been growing concern and more stringent regulation standards throughout the world
related to the discharge of heavy metals, including radionuclides, to the aquatic environment, due
to their low biodegradability, high toxicity and thus inevitable adverse impact on living species. Des-
pite major progress in the field, there is still much need either to improve the existing processes
for treatment and conditioning of aqueous wastes and soils or to propose new, more efficient and
low-cost technologies which will better meet the local requirements and conditions. Sorption is very
attractive for removal of heavy metal pollutants from water because of (i) the ease of handling of
the pollutant-loaded particles, (ii) the reduction of the volume of solid wastes to be stored in land-
fills, or (iii) the reversibility of the removal process thus allowing the raw materials to be preserved.
When considering the implementation of such a technology, one of toughest decisions wastewater
treatment operators face is choosing an appropriate sorbing material. In addition to their radiation
and thermal stability, sorbents are selected on the basis of their sorption capacity towards a given
pollutant. Nevertheless, the real effluents represent complex mixtures of various species competing
against one another for the solid-liquid interface. The effective selectivity of sorbents is thus another
important factor to be taken into account.

In the present study, the performance and mechanism of removal of heavy metals from multi-com-
ponent solutions were investigated for such commercially available materials as IRN77 and IRN9652
ion-exchange resins, and 4A zeolite. Cs* and Sr** cations were considered in the context of their
abundant occurrence in nuclear waste repositories. At first stage, the individual sorption capacities
of the three ion exchangers in aqueous nitrate solutions were determined by means of ionic chro-
matography. Then the removal selectivity was considered thoroughly by using a mixture of Cs* and
Sr**, in the presence of other species like Na*, K*, Ca®* and Mn?". The composition of aqueous solu-
tions was chosen to produce simulated effluents. The pH of the solid suspension was imposed by
its composition, thereby producing acidic and basic agueous phase in the case of resins and zeolite,
respectively. Speciation of the Me/OH/NO, systems was simulated with the aid of JCHESS® software
to account for the metal hydrolysis in the aqueous phase. The competitive interactions involved in
the ion-exchange process were studied by using a TAM Il Isothermal Titration Calorimeter (Waters,
France) equipped with a titration cell. The variations of the enthalpy of displacement as a function of
the amount adsorbed were rationalised to elucidate the overall uptake mechanism.
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Platinum is one of the most relevant metals present in the biosphere, particularly in the atmosphere,
mainly due to the emission of exhaust gases containing precious metals originating from the abra-
sion and the deterioration of autocatalysts [1]. The recovery of platinum is a very important task,
due to the limited world reserves, high cost and wide use in different branches of industry including
electrical engineering, petrochemistry, medicine, jewellery, etc. [2].

Ordered mesoporous organosilicas (OMOs) due to their favoured adsorption characteristics (i.e.
high values of specific surface areas, large pore volumes and diverse morphologies [3,4]) can be po-
tentially employed both in industry for recovery/recycling of precious metals from wastes, and — in
analytical chemistry — as sorbents used for enrichment of trace amounts of organic and inorganic
analytes. An important advantage of the sol-gel synthesis of OMOs is the possibility of introduction
of the organic groups with desired complexing behaviour into the structure during one-pot synthesis
[5-7].

In this work mesoporous silicas functionalized with thiol ligands were synthesized, characterized and
used for adsorption of Pt(IV) ions. In order to check the possibility of the application of synthesized
sorbents for separation and enrichment of Pt(IV) ions from environmental samples solutions the
parameters affecting on loading capacity were studied in detail. Taking into account potential analy-
tical application of mesoporous silicas the removing of platinum species from loaded sorbents was
also investigated. The obtained data testify to great usefulness of these materials towards effective
adsorption and preconcentration of Pt(IV) ions.

LITERATURE:

[1] R. R. Barefoot, Env. Sci. Techn. 31 (1997) 309.

[2] D. Jermakowicz-Bartkowiak et al., React. & Funct. Polym. 65 (2005) 135.
[3] A.M. Liu, K. Hidajat, S. Kawi, D.Y. Zhao, Chem. Commun. 13 (2000) 1145.
[4] M. Barczak et al., Appl. Surf. Sci. 256 (2010) 5370.

[5] V. Antochshuk, et al., Langmuir 19 (2003) 3031.

[6] S.-W. Song, K. Hidajat, S. Kawi, Langmuir 21 (2005) 9568.

[7] M. Barczak et al., Adsorption 16 (2010) 457.
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Acid mine drainage (AMD) is a serious environmental pollution issue in the mining industry. AMD is
caused by the oxidation of sulfides such as pyrite, chalcopyrite, galena or sphalerite by surface or
ground water. It has an extremely acidic pH value (as low as 2). Thus the effluents, released into lakes
and rivers around mines, pose an immediate threat to the ecological balance. After mining ceases,
AMD can also be formed when rain water passes through tailings or mine wastes in repository sites.
In Japan, there are numerous closed mines. To prevent degradation of the surrounding environment,
the neutralizing agent CaCO, has been added to AMD for pH adjustment and removal of metal ions
as hydroxides. However, this neutralizing method must be applied almost permanently because it
cannot suppress the generation of AMD completely.

A new approach to inhibit pyrite oxidation is through formation of a coating on the surface of the py-
rite which would prevent both O, and Fe*" from further oxidizing the pyrite. We have also investigate
the coating on pyrite surfaces with amorphous silica. Pyrite waste rocks in repository sites are often
weathred because of contact with rain water. It is considered that the pyrite surface conditions have
an influence on the formation of silica coating. In this study, the formation process of silica coating
on weathered pyrite is investigated. 9, S PR i
Concentrated silica solution (pH 11, 8500 mg/L) was used for the si- 'k, *C i T4
lica coating on pyrite surfaces. The experiments were carried out on _,f'_ 7Y

pyrite plate samples from the Yanahara mine, Japan. Some samples . * }13‘/1

were oxidized with 30 % H,0O, solution and dried in 110 °C, prior to the 3 T ! N7
experiments. The oxidized and non-oxidized samples were placed in v e e
the silica solutions (50 ml). Up to 120 hours, each sample was taken Fig. 1 Silica coaing on the oxidi-
out of the solutions and dried in 110 °C. The change of the samples sed pyrite plate. Incubation time;
in the silica solutions was observed. Cross sections of the samples 120 hours

were also observed and characterized by s energy dispersive X-ray
diffraction (EDX). No evidence of silica deposition was found for the
non-oxidized pyrite sample in the silica solution even after 1 hour.
To the contrary, silica was deposited on the oxidized pyrite sample
in the silica solution after 5 minutes. The deposits of silica increased
with an increase in incubation time, as shown in Fig. 1. Observing
the veratical sections of the samples, we could confirmed that silica
coating layer was thicker with an increase in incubation time (Fig. 2).
The thicknesses of the coating layer in the samples placed in the silica
solution for 1, 24, 72, and 120 hours were approximately 20, 70, 110, and 120 um, respectively. EDX
analysis of the vertical sections of the coated samples in the silica solution revealed that the coating
layer mainly consists of silica. Thus, the formation of silica coating layer was attributed to precipita-

tion and assembly of dissolving silica.

Fig. 2 Observation of the vertical
section of silica coating layer
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OXIDATIVE DEGRADATION OF SULFONAMIDES BY BIRNESSITE

Thiele B.1*, Havenith M.2, Philipp H.2, Klumpp E.?

! Institute of Bio- and Geosciences, IBG-2: Plant Sciences/BioSpec, Forschungszentrum Jiilich, 52425 Jilich,
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2 Institute of Bio- and Geosciences, IBG-3: Agrosphere, Forschungszentrum Jilich, 52425 Julich, Germany.
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Sulfonamides are a class of antibiotic pharmaceuticals which are widely used in livestock produc-
tion. They reach agricultural soils and the aquatic environment mainly through the use of manure
or directly through grazing livestock. To assess the potential risks of sulfonamides released into the
environment a comprehensive understanding of their transport [1] and fate is required. Bio- [2] and
photodegradation [3] have been recognized as possible transformation pathways of sulfonamides in
soil and water. Manganese oxides like birnessite are common oxidants in soil and were used for the
oxidative degradation of sulfadiazine in aqueous solution [4]. Recently the products of MnO2 media-
ted sulfonamide transformation have been reported [5].

Here we present the oxidative degradation of various sulfonamides (sulfadiazine, sulfamethazine,
sulfamethoxazole) in the presence of birnessite. Reaction rates were followed by HPLC-UV and trans-
formation products were identified by high resolution Fourier transformation ion cyclotron reso-
nance mass spectrometry (FTICR-MS) and liquid chromatography-mass spectrometry (LC-MS). The
obtained products included oxidized sulfonamides, SO, extrusion products and dimeric products.

[1] M. Unold, R. Kasteel, J. Groeneweg, H. Vereecken J. Contam. Hydrol. 2009, 103, 38.

[2] M. Burkhardt, C. Stamm J. Environ. Qual. 2007, 36, 588.

[3] P. Sukul, M. Lamshoft, S. Zuhlke, M. Spiteller Chemosphere 2008, 71, 717.

[4] C. S. Liu, L. J. Zhang, F. B. Li, Y. Wang, Y. Gao, X. Z. Li, W. D. Cao, C. H. Feng, J. Dong, L. N.
Sun Ind. Eng. Chem. Res. 2009, 48, 10408.

[5] J. Gao, C. Hedman, C. Liu, T. Guo, J. A. Pedersen Environ. Sci. Technol. 2012, 46, 2642.
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1School of Civil and Environmental Engineering, The University of New South
Wales, Sydney, New South Wales, 2052, Australia

c.miller@unsw.edu.au

The use of visible light to effect chemical transformation shows significant promise as a technology
to degrade organic pollutants, with potential improvements in simplicity and cost-effectiveness over
existing photochemical technologies employing UV light. The preparation of a hybrid photocata-
lyst consisting of Ag®/AgCl particles embedded upon sheets of reduced graphene oxide has recently
been reported by Zhang et al. [1] with the effectiveness of this system at decolourizing solutions of
rhodamine b demonstrated, however, few insights into the mechanism of degradation or factors
important to optimizing the process have been elucidated. We have synthesized similar particles,
examined in further detail the degradation of rhodamine b and also utilized radiolabelled formic
acid as a target compound. Studies employing formic acid greatly simplify the system as formic acid
degrades following a simple and well known pathway and also does not absorb the visible light em-
ployed for photocatalysis, allowing for mechanistic insights into the degradation mechanism to be
made. Measurements of formic acid degradation coupled with measurements of reactive oxygen
species concentration allowed significant insights into the mechanism of these particles to be made
and the potential intermediacy of reactive oxygen species to be examined.

[1] H. Zhang, X. Fan, X. Quan, S. Chen, and H. Yu, Environ. Sci. Technol. 2011, 45, 5731.
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EFFICIENT INHIBITION OF BROMATE FORMATION BY SURFACE REDUCTION ON
B-FEOOH/AL,0, WITH OZONE

Nie Yulun*, Hu Chun*, Yang Min, Qu Jiuhui
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For drinking-water ozonation treatment, production of bromate from bromide remains an important
challenge. The inhibition mechanism of BrO,  formation was investigated in detail during the catalytic
ozonation of organic contaminants over mesoporous alumina supported B-FeOOH (B-FeOOH/MA).
The catalyst exhibited both complete inhibition of bromate formation and the most efficient cataly-
tic ozonation of pollutants. Adsorbed bromate was reduced to bromide on the surface of B-FeOOH/
MA with ozone during the degradation of pollutants. On the basis of in situ diffuse reflection UV-vis
spectra and cyclic voltammetry analyses under a variety of experimental conditions, a surface-reduc-
tion mechanism of inhibition bromate formation was verified in B-FeOOH/MA suspension, wherein
the catalyst underwent oxidation and reduction with adsorption and decomposition of ozone by
substituting surface-adsorbed water or surface hydroxyl groups, which were oxidized to surface-
adsorbed *OH. The bromate formed from the oxidation of bromide was adsorbed and reduced with
desorption of surface-adsorbed *OH, enhancing free *OH generation and leading to greater removal
of pollutants.

This finding indicates that the proposed mechanism and the designed catalyst could be applied to-
ward the abatement of bromate formation and process adjusting for ozonation of bromide-contai-
ning drinking water.
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The growing interest in transition metal substituted magnetites used as heterogeneous Fenton cata-
lysts in the degradation of organic pollutants has been evoked, due to high efficiency around neutral
pH, easy recycle in practical application and prevalence as natural minerals. In the present study,
the effect of substitution on the heterogeneous Fenton catalytic activity of magnetite was investi-
gated in interface view. The substitution improved the catalytic activity of magnetite through the
enhancement of the pollutant adsorption and hydroxyl radical *OH production. For instance, Ti and
Cr increased the BET surface area and superficial hydroxyl amount of magnetite, resulting in larger
methylene blue (MB) adsorption and accordingly faster degradation. The increase of superficial hy-
droxyl also enhanced the complexation between H,0, and superficial hydroxyl, which triggered the
*OH production. As the octahedral sites are exclusively exposed at magnetite surface, V** and Cr®*
at the octahedral sites could decompose H,O, to produce ‘OH and accelerate the electron transfer
during the reaction. Under neutral pH condition, the MB degradation followed the L-H mechanism
(i.e. reaction of adsorbed MB with “OH engendered on magnetite surface) and was described by the
zero—order kinetics. But the acid orange Il (AOIl) degradation followed the E-R mechanism (i.e. reac-
tion of dissolved AOIIl with *OH produced on magnetite surface) and was fitted with the two-stage
first-order kinetics. These results will be benefit for the application of transition metal substituted
magnetite in environmental engineering.

This work is financially supported by National Natural Science Foundation of China (Grant Nos.
40773060 and 41172045).
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Among different processes occurring in contaminated soils in natural attenuation context, air oxida-
tion must be considered. Previous experimental works on real soils as well as on model contaminant,
have revealed that organic contaminants, especially PAH (Polycyclic Aromatic Hydrocarbons), can be
affected by air oxidation. Experiments on real soils demonstrate that air oxidation is able to decrease
the concentration of PAH [1]. On the other hand, model compounds experiments suggest that this
decrease in PAH content, is associated to the condensation of aromatic cycles [2]. Moreover, this
condensation seems to be favour by the occurrence of reactive mineral phases.

This work presents experiments carried out at an intermediate scale between simplified system
(model compounds) and real complex soils. In a first step, extractable organic matters (EOM) isolated
from two real coking plant soils were artificially oxidized (60°C and 100°C) during 5 months on the
presence of three different mineral phases: Fontainebleau sand, goethite and smectite).

Then, the same experimental conditions (time, temperature and mineral phases added) were car-
ried out with the integral soils including EOM, insoluble organic matter (IOM) and native mineral
phases. The evolution of the EOM as well as IOM were studied at molecular and spectroscopic scales
and confirms (i) the ability of air oxidation to remove PAH contaminant by condensation processes
and (ii) the catalytic properties of reactive minerals to accelerate such transformations.

[1] C. Biache, T. Ghislain, P. Faure, L. Mansuy-Huault. Journal of Hazardous Materials 2010, 188,

221.
[2] T. Ghislain, P. Faure, C. Biache, R. Michels. Env. Sc. and Techn. 2010, 44, 8547.
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Major technological challenge facing biostimulation for bioremediation is poor bacterial transport
and dispersion in saturated porous media, due to bacterial adsorption dictated by media-biological
properties. Adsorption and consequent filtration extent govern media permeability and ultimate
bacterial seeding of contaminated zones. Existing permeability augmentation technologies required
that media pH/ORP, fluid injection rates, bacterial strain selection with desired transport or genetic
properties, or alternate nutrient-bacterial inoculum injection be manipulated singly or in combina-
tion in order to enhance bacterial transport in porous media. Changing pH/ORP of the media, which
governs the extent of van der waal and electrostatic forces controlling bacterial-media attractive/
repulsive forces may promote bacterial adhesion to media surfaces and accelerate biosorption of ad-
herent colonies. Thus, an alternative technique requiring little or no manipulations of media physico-
chemical and biological properties is needed to accelerate bioremediation processes. Low-frequency
energy stimulation has been demonstrated to enhance crude oil flow during earthquakes [1], dense
nonaqueous liquids (DNAPLs) such as trichloroethylene [2,3], solute [4] and inferred clay [5] trans-
port in saturated porous media. To date, the potential of low-frequency acoustic energy stimulation
for augmenting bacterial transport for insitu bioremediation has not been studied. Low-frequency
acoustic energy propagates through porous media with little attenuation and it’s environmentally-
friendly.

This exploratory study focused on establishing the feasibility of using low-frequency (1-1000 Hz)
acoustic energy stimulation for enhanced-P. fluorescens-Pf5 transport in saturated porous media.
Glass bead (1-2 mm) packed column fitted with acoustic hardware and flow-through bacterial inocu-
lum were stimulated with different frequencies under constant fluid flow conditions. Experimental
pH/ORP, acoustic pressure, electrical conductivity, temperature, permeability, chloride and bacterial
concentrations were monitored. Relative permeabilities and breakthrough curves of P. fluorescens-
Pf5 transport under no acoustic and acoustic stimulation conditions were normalized to those of
conservative chloride as functions of frequency, pore volume and time. Acoustic energy stimulation
may be used as a potential stand-alone technology or as an adjunct to the existing physicochemical
augmenting biostimulation technologies requiring nutrient-rich water such as biologically enhan-
ced-secondary oil recovery and bioremediation.

[1] I. A. Beresney, P. A. Johnson Geophys. 1999, 59, 1000.

[2] P. M. Roberts, A. Sharma, V. Uddameri, M. Monagle, D. E. Dale, L. K. Steck Environ. Eng. Sci.
2001, 18, 67.

[3] E. T. Vogler, C. V. Chrysikopoulos Environ. Energy Eng. 2002, 50, 3271.

[4] E. T. Vogler, C. V. Chrysikopoulos Geophy. Res. Lett. 2002, 29, 5.

[5] P. M. Roberts Acoustical Phys. 2005, 51, S140.
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In subsurface systems, biofilm may degrade organic or organo-metallic pollutants contributing to
natural attenuation and soil bioremediation techniques. Biofilm accumulation, however, decreases
free pore space thereby decreasing media porosity and permeability while increasing hydrodynamic
dispersion (e.g., [1]). This mechanism commonly referred to as bioclogging may thus influence the
success of bioremediation methods in polluted aquifers. The overall goal of this work is to to gain a
better understanding of biofilm growth processes in porous media and how these processes affect
macroscopic flow and transport properties. To achieve this goal an experimental device was perfor-
med. A flowcell containing quartz sand colonized with biofilm (Shewanella oneidensis MR-1 species)
was used for monitoring both biofilm growth and solute transport. The biofilm volume fraction was
estimated through tracer experiments with a macromolecular tracer (i.e., Blue Dextran) as in size-
exclusion chromatography or gel filtration chromatography. After 29 days of bacterial culture, the
volume fraction of biofilm was 50% of void space volume. The influence of biofilm growth on porous
media transport properties was evaluated. Breakthrough curves were compared with numerical si-
mulations. Single- and doubleporosity models were investigated [2]. A transition from a fickian trans-
port behavior to a non-fickian one due to the microbial activity has been observed.

+ Experiment
«Single-porosity model
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s
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Figure 1. Solute transport in the porous medium before inoculation and after 17 days - Comparaison
between experimental and numerical breakthrough curves at t=17 days

[1] Thullner M., Mauclaire L., Schroth M.H., Kinzelbach W., Zeyer J., 2002. J. Contam. Hydrol. 2002,

58, 169.
[2] Golfier F., Wood B., Orgogozo L., Quintard M., Bués M.A. Adv. Water Resour. 2009, 32, 463.
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MICROBIAL AND CHEMICAL CHARACTERISTICS IN THE REMOVAL OF LANDFILL ODORS BY AN
INTEGRATED-BIOREACTOR

Li L.*, Liu J.X.
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Shuangging Road, Haidian District, Beijing 100085, P.R. China
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A large number of volatile organic compounds and odors will be generated when municipal solid
wastes decompose in landfill sites. Those areas that not use temporarily were covered by high den-
sity polyethylene (HDPE) film in order to prevent the emission of VOCs and odors. However, they will
accumulate under the films and still pose a threat to human health and the environment. Compare
with conventional physical-chemical methods, biological technologies, such as biofilters, bioscrub-
bers and biotrickling filters, have been widely applied owing to their efficiency, cost effectiveness
and environmental acceptability. Eleven full-scale integrated-bioreactors were set up to remove H,S
and NH, accumulated under the HDPE films in a landfill site with an area of 16000 m?, in Beijing. The
integrated bioreactor consisted of a suspended zone and an immobilized zone.

Results showed that the inlet concentrations of H,S and NH, were 9.54-23.09 mg/m® and 0.13-1.79
mg/m?, respectively. The outlet concentrations reduced to 0-1 mg/m?®for H,S and 0.1 mg/m?> for NH..
Both H_S and NH, could be eliminated effectively by using the integrated bioreactor. In steady state,
the total removal efficiencies were over 90%. Their removal efficiencies were different from one
zone to the other. The results from bio-products analysis indicated that most of H_S was bio oxidized
into element sulfur and sulfate in the immobilized zone while most H_S was dissolved into the liquid
phase in the suspended zone. Much more NH, was transformed into nitrate and nitrite by nitration in
the suspended zone, only a few of NH, transferred to aqueous phase mainly by absorption or chemi-
cal neutralization in the immobilized zone. SEM provided detailed images of the distribution of total
sulfur on packing material. Sulfur filaments can grow either on the surface or within the media, but
most sulfur accumulated on the packing media’s surface. The pure-culture method and PCR DGGE
based method were applied to describe concentration, species diversity and distributions characte-
ristics of microorganisms in the integrated bioreactor. Four species of microorganisms which related
to the degradation of H,S and NH, were isolated. Their characteristics and distributions in the bio-
reactor depended on the inlet concentration of substrates and microenvironment in the individual
zone.
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MODELLING NICKEL MOBILITY IN MINING SPOILS FROM ULTRAMAFIC LATERITES
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Ultramafic mining spoils contain potentially toxic trace metals (TM) (e.g. Ni, Cr, Cu, Mn) which could
diffuse in the environment, and cause ecosystem dysfunctioning or human intoxication [1]. To de-
crease the risk created by these wastes, the first step is to understand the reactions governing the
TM mobility. A preliminary study [2] allowed the precise identification of the reactive metal bea-
ring phases present in the spoils. Among these, a Ferich smectite and goethite were carefully stu-
died for their reactive properties and characteristics and especially towards TM. Sorption isotherms
of the major elements present in the spoils onto the two minerals were carried out to determine
their sorption properties under different environmental situations. The first step of this study was
to analyse the composition of suspensions of garnieritic (smectite-rich) and limonitic (goethite-rich)
spoil in contact with extractants of different strength (water, NaNO,, citrate and EDTA) in column
experiments [1]. The use of complexing agents (citrate and EDTA) aims to mimics the effect of roots
exudates on trace metal elements mobilisation. In a second step, these compositions and sorption
isotherm data were used in the modelling step (PHREEQC model) in order to understand if inner
and outer sphere complexation reactions were indeed sufficient mechanisms to explain Ni and Cr
mobility in ultramafic mining spoils. Nickel concentrations in water eluted stabilized around 2.0 103
mM in both garnieritic and limonitic columns. In The Ni concentrations in garnieritic columns were
2.510%and 3.0 102 mM in presence of 10 mM Citrate and EDTA ligands respectively. In limonitic co-
lumns they were of respectively 4 102 and 3 10 mM for the same ligands used. At the goethite and
smectite surface, the main reactions involved in Ni release were indeed inner (goethite) and outer
sphere (smectite) complexation as confirmed by the success in modelling Ni speciation in solution
using PHREEQC and isotherm data. Even though for garnierite, outer sphere complexation seems
to be sufficient to explain mobility, more complex phenomena — such as the formation of silicated
precipitates — have to be considered to explain Ni mobility in limonitic spoil. Furthermore, in oxidic
spoils, Cr (i.e. mainly under CrVI) seems to be much more problematic than Ni as its mobility, espe-
cially in presence of organic acids, is much greater than for Ni [1].

[1] S. Raous, T. Becquer, J. Garnier, E. de Sousa Martins, G. Echevarria, T. Sterckeman App. Geochem.
2010, 25, 1746-1755.

[2] S. Raous, G. Echevarria, T. Sterckeman, K. Hanna, F. Thomas, T. Becquer Geoderma, 2012, Under
revision.

46



Eﬁ Session B: Resources and Interfaces RB12
SUSTAINABLE DEGRADATION OF NITROPHENOLS IN THE RHIZOSPHERE OF SPIRODELA POLYRRHIZA
USING RHIZOAUGMENTATION

Kristanti R.A.*, Toyama T., Tanaka Y. ,Mori K.
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Nitrophenols are industrially important chemicals mainly used for production of pharmaceuticals,
dyes, plasticizers and explosives [1]. As a consequence, they are abundantly presented in aquatic
environments including river water, wastewater, and industrial effluents [2]. The U.S. Environmental
Protection Agency [3] has listed 2-nitrophenol (2-NP), 4-nitrophenol (4-NP), and 2,4-dinitrophenol
(2,4-DNP) as priority pollutants. Thus, the study of NPs biodegradation is necessary for establishing
technologies to treat water polluted by NPs and to remove NPs from contaminated environments.
In this study, the stability of the 2-NP, 4-NP and 2,4-DNP removal ability of an association between
giant duckweed (Spirodela polyrrhiza) and bacteria were investigated in 5-cycles repeated batch
experiments (equivalent to 10 days where each cycle was done for 2 days). Three different kinds of
water (contaminated water treatment, river water and Hoagland nutrient solution) were selected
to evaluate the effect of introduced bacteria (Pseudomonas sp. ONR-1 and Rhodococcus sp. DNR-
2) in the system. The rate of 2-NP, 4-NP and DNP removal by the S. polyrrhiza-introduced bacteria
association were higher than that by S. polyrrhiza-indigenous bacteria association through 5 cycles.
The NPs removal ability of the the S. polyrrhiza-bacteria association rapidly increased after exposure
to NPs, with concomitant a notable increase in the population of total culturable NPs-degrading
bacteria. Beside 2-NP, after NPs acclimation, the enhanced NPs removal ability of S. polyrrhiza-in-
troduced bacteria association was maintained in the long term, with a high population. Since the
ability of nitrophenols-degrading bacteria to survive in a wide range of environmental condition is
of interest for bioremediation of nitrophenols-contaminated water. Hence, the rhizougmentation
using introduced NPs-degrading bacteria could be an effective and stable treatment technology for
organic pollutants.

[1] J.C. Spain. Ann. Rev. Microbiol. 1995, 49, 523-555.

[2] US EPA. EPA 1980, 44C-6-8C-063.
[3] WHO. 2000, Concise International Chemical Assessment Document 20, Mononitrophenols.

47



RB13
Eﬁ Session B: Resources and Interfaces

STABILIZATION OF ARSENIC, CHROMIUM AND COPPER POLLUTED SOIL
BY IRON OXIDE AMENDMENT

Nielsen Sanne Skov*, Kjeldsen Peter, Jakobsen Rasmus J.

DTU Environment, Technical University of Denmark.
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Iron oxide forming compounds have been used at former wood impregnation sites polluted with
copper, chromium and arsenic (CCA) as soil amendment for chemical stabilization of contaminants
in soil [1,2]. In this study iron oxide containing water treatment residue (WTR) was added to a CCA
contaminated soil to successfully reduce the leaching of arsenic, chromium and copper both at la-
boratory and field scale. WTR is an iron rich waste product from the treatment of groundwater to
drinking water. It consists mainly of ferrihydrite, a low ordered iron oxide, with a high potential for
sorption of ions [3]. The method has been tested at the former Collstrop Wood Impregnation Plant
in Hillergd, Denmark. The site is heavily polluted with As, Cr and Cu, mainly present in the top soil.
Pollution occurred as spill of impregnation liquids together with disposal of bark removed from im-
pregnated logs. For more than 30 years mainly the arsenic has been leaching from the soil to the
secondary groundwater which discharges into a ditch system connected to the protected Esrum
Lake. Batch leaching tests on soil from the Collstrup site has previously demonstrated the potential
of the stabilization method in the laboratory. When mixing heavily polluted soil (1000 mgAs/kg and
600 mgCr/kg) with 5% dw of WTR, the leaching was reduced with 99% for arsenic and 98% for Cr [4].
Subsequent a field experiment was made to evaluate the practical application of the method. Two si-
tes of 100 m? were established, one with 3 % dw WTR amendment and one where the soil had been
mixed, but no WTR was added. The soil was mixed down to a depth of 1 meter. Pore water samplers
were installed to monitor the development of As, Cr, Cu and Fe concentrations. Data collection is still
in progress at the site, and will be concluded spring 2012. So far it seems, that even after a possible
iron reducing period, the treated soil still efficiently retains especially As and Cu. However efficient
mixing and a sufficient amount of WTR are crucial to obtaining adequate retention. Consequently
we recommend water treatment residues as an economically favorable amendment for arsenic and
chromium polluted soil that effectively minimizes leaching.

[1] J. Kumpiene, S. Ore, G. Renella, M. Mench, A. Lagerkvist, C. Maurice Environ. Pollut. 2006, 144,
62

[2] W. Hartley, N.W. Lepp Environ. Pollut. 2008 156, 1030

[3]J.L. Jambor, J.E. Dutrizac, , Chem. Rev. 1998, 98, 2549

[4] S. S. Nielsen, L. R. Petersen, P. Kjeldsen, R. Jakobsen Chemosphere 2011, 84, 383
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REMOVAL BEHAVIOR OF PHOSPHATE FROM AQUEOUS SOLUTION BY CALCINED PAPER SLUDGE

Wajima T., ** Rakovan J. F.2
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Paper sludge is generated as industrial waste during the manufacture of recycled paper products,
and discharged amounts are increasing annually. Although a small portion of the sludge has been
used as a fertilizer, burial in landfills, damping at sea, most is incinerated and dumped in landfills. The
large daily output of paper sludge and the limited landfill capacity causes social and environmental
problems.

In this study, paper sludge is converted into an effective sequestration agent of phosphate (PO,*)
through calcination, and removal behavior of the obtained product for phosphate ion from aqueous
solution was examined, because development of a feasible method for removing and recovering
phosphate from wastewater is required to improve eutrophication of lakes, bays, and inland seas.
Paper sludge contains mainly cellulose fibers and inorganic fillers together with coating materials
such as calcite, kaolinite and talc. The sludge was fired at temperatures between 200 — 1000°C for
6 h. Crystalline phases originally present altered at increasing temperatures (up to 800°C) in the or-
der kaolinite < calcite < talc. An amorphous phase was formed at 800°C, and gehlenite was formed
at 1000°C. Paper sludge fired at 800° C, which has amorphous phases, showed the highest uptake
of phosphate ion (Fig. 1), and phosphate uptake was almost constant in pH range between 5 and
12. It also shows high selective removal for PO,* in solution with coexisting CI', NO," and SO,*. The
equilibrium removal ability of the product used for phosphate ion was measured, extrapolated using
Langmuir and Freundlich isotherm models, and experimental data are found to fit Langmuir than
Freundlich. Removal kinetics was tested for pseudo-first order

and pseudo-second order reaction, and the rate constants for 2 [ore/20mL. 10mM NEHFO, i
these kinetic models were calculated. Removal experiments de- =

monstrate that the removal process corresponds to pseudo-se-
cond order kinetics model than pseudo-first order model. With
increasing temperature of aqueous solution, the kinetics of re-
moval becomes faster and the removal amount of phosphate
increases. The thermodynamic values, AG®, AH® and AS?, indi-
cated that removal reaction was an endothermic and sponta- T ®

neous process. The main process responsible for sequestration Ve E w0 e a0 e
of PO,* is the formation of brushite [CaHPO,¢2H,0] by reaction Calcination I"Cl
between labile Ca and PO,* in the solution. From an economic
point of view, calcined paper sludge is an inexpensive raw mate-
rial for phosphate ion removal from aqueous solutions.

Phosphate removal [mmol/g]|

Figure 1. Phosphate removal on
the product prepared at various
calcination temperatures.
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EFFECT OF CALCINATION ON THE STABILITY AND LEACHABILITY OF ARSENIC IN
THE ARSENIC BEARING FERRIC AND MANGANESE BINARY OXIDE

Wang Hongjie® 2*, Xu Meng?, Lei Di?, Zhai Yujia?, Li Yaxuan?, Qu Dan®2

! College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, P.R. China
2 Beijing Key Lab For Source Control Technology Of Water Pollution, Beijing 100083, P.R. China

whj_99@126.com

After safely and quickly treatment of arsenic polluted water, a great amount of arsenic-bearing solid
residuals (ABSR) were left to be disposed correctly. In present study, the effect of calcination on the
stability and leachability of arsenic in the arsenic-bearing Ferric and Manganese Binary Oxide (AB-
FMBO) and the possibility of manufacturing calcined bricks with AB-FMBO were explored. To the
AB-FMBO with arsenic concentration of 103 g/kg, the stability of arsenic in the calcined AB-FMBO
was a little bit decreased with the increase of the calcining temperature. The ratio of arsenic stabili-
zed in the calcined AB-FMBO was 98.84%, 98.65%, 98.17% and 97.88% at calcining temperature of
700, 800, 900 and 1000°C, respectively. The leachability of arsenic in the calcined AB-FMBO was in-
verse proportion with the calcining temperature. The leachate of the AB-FMBO calcined at 700, 800,
900 and 1000°C was conducted by toxicity characteristic leaching procedure (TCLP) and the arsenic
concentrations of the leachate were 0.696, 0.362, 0.305 and 0.118 mg/L, respectively. The specific
surface area, pore volume and BJH pore diameter of the calcined AB-FMBO were all decreased with
the increase of the calcining temperature. According to the results of EDX and acid digestion pro-
cedure, the ratio of surface arsenic concentration in the calcined AB-FMBO was 10.65%, 10.03%,
9.88% and 6.36%, while the ratio of the total arsenic concentration of the calcined AB-FMBO was
11.68%, 11.79%, 11.74% and 12.36%, respectively. XRD pattern showed the transformation of the
amorphous AB-FMBO into hybrid crystal of AB-FMBO. The mole ratio of Mn to Fe was 0.983 to 0.017.
FTIR results indicated the formation of the band of As-O-Fe and the intensity of the band became
stronger according to the increase of calcining temperature. In view of the high stability and low
leachability of the arsenic in the AB-FMBO, the procedure of manufacturing calcined bricks was a
feasible treatment method for the disposal of AB-FMBO.

Keywords: Arsenic-bearing solid residuals, Ferric and manganese binary oxide, Calcined bricks, Sta-
bility, Leachability
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COPPER-CYANIDE COMPLEX REMOVAL BY A NOVEL DUAL FUNCTION POLYALUMINUM CHLORIDE
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Wastewater from electroplating and gold mine industries often contain copper(l)-cyanide comple-
xes. Based on the CN/Cu molar ratios copper(l)-cyanide complexes form [Cu(CN),];, [Cu(CN),]* and
[Cu(CN),]* in aqueous solution, the stability constants of these compounds are 24.0, 28.6 and 30.3,
respectively. They are very toxic, and the complexed Cu is difficult to be removed by conventio-
nal methods. Effective treatment for the removal of copper(l)-cyanide complexes is needed before
discharging these compounds into environment. The addition of oxidizing chemicals is the most
popular procedure to destroy and remove cyanide [1], and then Cu(ll) is available to be removed
by chemical precipitation and coagulation etc [2]. An electrochemically prepared water treatment
reagent containing a high concentration of Al . polymer and active chlorine (PACC) showed promi-
sing potential to remove copper-cyanide complexes due to the combined function of oxidation and
coagulation. The removal mechanism of copper-cyanide complexes by PACC is: cyanide oxidation by
active chlorine and subsequent Cu(ll) removal by Al polymer coagulation.

Complete treatment of cyanide by active chlorine in PACC undergoes two stages (Formula 1 and 2):

2[Cu(CN),]* + 7CIO" + H,0 = 2Cu* + 6CNO" + 7C + 20H" (1)
2CNO™+3CIO" + H,0 = N, + 3Cl + 2HCO; (2)

The reactions of cyanide and cyanate with active chlorine were monitored using stopped-flow spec-
trometer. The results showed that the rates of the two reactions decreased with increasing pH. The
first stage oxidation of cyanide to cyanate is best carried out batch-wise at a pH of around 11, and
complete reaction need about 15 minutes. The Al13 polymer was the most active Al species respon-
sible for Cu(ll) removal in PACC. Considering the process of Cu(ll) coagulation and CNO" oxidation
together, the optimum pH condition to remove copper-cyanide complexes by PACC for the second
stage is at 8. The second stage involves the conversion of cyanide to nitrogen and carbonates, and
complete reaction need about 40 minutes at pH 8. Under the pH condition of the two stages exa-
mined in this study, the stoichiometric ratio of active chlorine to cyanide for the decomposition to
nitrogen and carbonates is found to be approx 7 mg Cl,/ mg CN-. For the model water of 10 mg/L
[Cu(CN),]*, after the two stages treatment at PACC dosage of 24 mg Al/L (weight ratio of Cl, /Al within
the used PACC was 3) the residual CN°, CNO", and Cu(ll) can meet the emission standard of pollutants
for electroplating.

[1] F.L. Fu, Q. Wang J. Environ. Manag. 2011, 92, 407.
[2] V. Sharma, C. Burnett, R. Yngard, D. Cabelli Environ. Sci. Technol. 2005, 39, 3849.
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SEPARATION OF TENNANTITE FROM CHALCOPYRITE: ATOMIC FORCE MICROSCOPY AND
UV-VIS SPECTROSCOPY STUDY
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Arsenic possesses danger to human life and environment. Therefore, separation of tennantite, one
of the arsenic bearing copper minerals, from chalcopyrite has grasped researcher’s interest, recently.
In this study, effect of pH was applied into both single mineral and arseno copper ore flotation study.
Possible separation can be conducted in alkaline condition represented by the floatability results. In
particular, Atomic Force Microscopy (AFM) was used to observe the morphology and surface charac-
teristic of tenanntite and chalcopyrite after treatment. It was found that new surface “island” was
formed on both minerals. The occurrence of the islands as product of reaction amplified along with
time treatment. From the measured adhesion force, it was indicated that the formation of islands in
acid condition brought the adhesion force value lower than in alkaline condition showing the more
hydrophobic characteristic to the minerals surface.

Figure 1. AFM images of chalcopy-
rite treated at pH 9 (a) initial condi-
tion (b) after 60 minutes; tennan-
tite (c) initial condition (d) after
60 minutes. The dimension of the
image is 5x5um.

The more hydrophilic surface of
both minerals indicated by higher
value of adhesion force at alkaline
condition is due to the occurrence
of hydroxide moieties on the mine-
ral surface. In addition, it shows the
reactivity of the minerals in which
tennantite possesses higher reac-
tivity than chalcopyrite. Further-
more, the microscopic observation
using AFM was consistent with
the findings of contact angle and
floatability study representing the
macroscopic observation. Adsorption of DTP on both minerals has also been studied using UV-visible
spectroscopy showing the inhibition of hydroxide moieties on DTP attachment in which tennantite
inhibits higher.
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REACTIVITY AND FATE OF IRON AND IRON/NICKEL NANOPARTICLES
IN URANIUM CONTAMINATED WATER
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Iron based bimetallic nanoparticles have been successfully used in field experiments to remediate
waters contaminated with chlorinated hydrocarbons. Extensive comparative studies under anoxic
conditions investigating Fe and Ni/Fe bimetallic nanoparticles have demonstrated that the latter
increases the effectiveness of dechlorination of high concentration chlorinated aliphatic hydrocar-
bon solutions (Barnes et al. [1]). Recently, studies dealing with Fe and Ni/Fe nanoparticles reactivity
towards contaminated effluents arising from industrial processes (Dickinson and Scott [2, 3], Crane
et al. [4]) showed the high efficacy of the studied nanoparticles to immobilize uranium at relatively
short equilibration times. The current study focused on the fate of Fe and Ni/Fe nanoparticles in
uranium containing solutions under oxic conditions at longer reaction times (up to 41 days). In order
to develop a fundamental understanding of uranium removal behaviour of iron-based nanoparticles
under oxic conditions, thermodynamic simulations of the studied systems were performed and com-
pared with the experimental data obtained from solution analysis (pH, Eh and total concentration
of Fe, Ni and U) and characterization of residual solid phases by XPS, FIB, TEM, and XRD. The results
indicated that magnetite was the predominant iron-phase, driving the redox potential of the system.
Under these conditions, reductive precipitation of agueous uranyl to form a partially reduced oxide
precipitate (UO,, ) is demonstrated by U 4f XPS measurements on the surface of both studied nano-
particles at reaction times smaller than 3 days. At longer reaction times, the characterization of the
system with iron nanoparticles reveals that most of uranium was released back to solution. However,
U re-release in the system with iron/nickel nanoparticles was limited by the formation of a seconda-
ry uranium phase determined to be isostructural to becquerelite containing a-U,0, anion-topology,
as identified by XPS and XRD. This determination is in agreement with thermodynamic calculations,
which have also been used to confirm experimental measurements for different water compositions
[2-5] giving an inside of the short and long term behaviour of iron based metallic nanoparticles used
for remediation of uranium contaminated waters.

[1] R.J. Barnes, O. Riba, M. N. Gardner, T. B. Scott, S. A. Jackman, |. P. Thompson Chemosphere
2010, 79, 448.

[2] M. Dickinson and T. B. Scott J. Hazard. Mater. 2010, 178, 171

[3] M. Dickinson and T. B. Scott J. Nanopart. Res. 2010, 178, 171

[4] R. A. Crane, M. Dickinson, J. C. Popescu, T. B. Scott Water Res. 2012, 178, 171

[5] O. Riba, T. B. Scott, K. V. Ragnarsdottir, G. C. Allen Geochim. Cosmochim. Acta 2008, 72 4047.
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USING CHLORINE DIOXIDE AS PRE-OXIDATION COMBINE WITH LOW pH COAGULATION
TO ENHANCE THE REMOVAL OF NATURAL ORGANIC MATTERS.
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The objective of this research was to characterize the effects of chlorine dioxide on organic matter
removal, coagulation/sedimentation efficiency, and disinfection by-products (DBPs) formation in raw
water from the Cheng-Kong reservoir. Cheng-Kong reservoir is the major raw water source for water
supply in Ponhu Island. Because the precipitation is the only one influent for this reservoir during
typhoon visiting and the strong evaporation is always happened on the others day, the organic
matter removal and DBPs reduction are highly concerned for water treatment facility. Low pH coagu-
lation or Enhanced Coagulation is an effective way to increase the removal of organic matter during
the coagulation/sediment process. Chlorine dioxide can play a good performance on the oxidation
and disinfection to remove organic matter and avoid the formation of THMs. Under an acid environ-
ment, the formation of ClO,” and CIO," are avoided after the addition of Chlorine dioxide. This study
was proposed to test a process combine the pre-oxidation by chlorine dioxide with the coagulation
in low pH condition to increase the organic matter removal and avoid the ClIO, and ClO, formation.
The tests were processed under the coagulation with the condition of pH=5.5, 7.0 and the enhance
coagulation combined the pre-oxidation by chlorine dioxide with different dosage and reaction time
to increase the NOM removal and decrease the DBPs formations.

The removal of DOC and A254 are insignificantly enhanced in raw waters with the addition of chlo-
rine dioxide as the pre-oxidation. The results showed that changing coagulation conditions provides
greater removal efficiency of organic matters than adding chlorine dioxide. The organic matter re-
moval efficiencies of various processes set are listed in descending order: traditional coagulation at
pH 5.5 > enhanced coagulation at pH 6.3 > traditional coagulation at pH 7.0. The chlorine dioxide
pre-oxidation is able to breakdown large molecules (0.45um ~10 K) into small molecules (< 1K). From
the fluorescence intensity measurements, it is indicated that the most of oxidized large molecules
is the humic acid. According to the Zeta potential measurement, the chlorine dioxide is play as the
coagulant aid to decrease the amount of THMFP and the formation of ClO, and CIO," with the low
pH condition.
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COMBINED UV LIGHT AND CHLORINE DISINFECTION OF RECLAIMED WATER:
EFFECTS ON CORROSION AND WATER QUALITY WITHIN DISTRIBUTION SYSTEMS
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The effects of sequential ultraviolet (UV) and chlorine disinfection on reclaimed water quality sta-
bility were assessed in a model reclaimed water distribution system (RWDS) using annular reactors
(ARs).

UV irradiation not only enhanced the inactivation of heterotrophic bacteria, but also reduced the
required initial chlorine dose, on the basis of heterotrophic plate count (HPC) analysis and chlorine
consumption under different conditions. Moreover, UV pretreatment decreased iron release and
turbidity of effluents resulted from Larson-Skold Index (LI) of reclaimed water changing, enhancing
the stability of water quality through RWDS. Fourier transform infrared spectroscopy and high per-
formance size exclusion chromatography measurements showed that the phenolic O-H stretching
and the antisymmetric C=0 stretching of quinones for dissolved organic carbon (DOC) in reclaimed
water were eliminated by 60 mJ/cm? UV treatment, reducing the reactivity of DOC with chlorine.
Moreover, the corrosion bacteria within the biofilm on the corrosion scales could grow selectively
with different disinfection processes. In the AR with combined UV and chlorine treatment, the iron-
oxidizing bacterium (I0B) Acidovorax defluvii and the iron-reducing bacteria (IRB) uncultured Rhodo-
ferax sp. and uncultured Geobacter sp. appeared on the biofilm. In contrast, in the AR treated with
chlorine alone, the 10B Sediminibacterium salmoneum and the IRB uncultured Geobacter sp. were
predominant in the biofilm. In the latter, S. salmoneum respiration predominantly contributed to the
oxidization of Fe(ll), whereas in the former, either Fe(ll) or acetate acted as a donor for A. defluvii
respiration, causing an increased depletion of oxygen by the oxidation of Fe(ll). Therefore, under the
former conditions, the composition of corrosion bacteria could result in higher corrosion inhibition,
decreasing the effect of LI changes on corrosion.

All results indicated that UV irradiation enhanced water quality stability in the RWDS by inactivating
bacteria and changing the structure of DOC in the reclaimed water.
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Microbial reduction of ferric iron is a major biogeochemical process in groundwater ecosystems and
often associated with the degradation of organic contaminants. There, bacteria couple iron reduc-
tion to the oxidation of organic molecules, whereby carbon dioxide is produced. However, ferric iron
in natural iron oxide minerals is poorly soluble, shows a high crystallinity and is thus hardly bioa-
vailable for microorganisms. However, environmental nanosized iron(oxy)hydroxide minerals seem
to have an enhanced reactivity compared to bulk materials of the same mineral class [1]. The same
could be shown for synthetic iron(oxy)hydroxide minerals, produced in the laboratory [2].

In a new approach, we want to use this high reactivity of colloidal iron(oxy)hydroxides for a new re-
mediation technology for BTEX-polluted groundwater horizons. Our aim is to produce reactive iron
oxide colloids, which can be injected into a contaminant plume in order to stimulate the microbial
iron reduction and degradation of contaminants. Because of a controllable release of colloidal iron
oxide particles to the groundwater, by an adjustment of the salt concentration, we are able to create
a strong reactive barrier within the contaminant plume.

Therefore we examined the reactivity of nanosized, synthetic colloidal iron(oxy)hydroxides in mi-
crobial iron reduction in batch incubations and column experiments. First studies on the feasibility
of this technology showed an about 5-fold enhancement of toluene oxidation after application of
nanosized iron oxide particles to microbial incubations. Furthermore, soil column experiments de-
monstrated the high persistence of nanosized iron oxides under simulated environmental condi-
tions, opening the perspective for their technological application as electron acceptors in the reme-
diation of BTEX and putatively PAH contaminated sites. Additionally, ecotoxicological analyses with
relevant organisms demonstrated no perturbing effect of colloidal iron(oxy)hydroxides in relevant
concentrations.

Our results suggest that the injection of ferric iron nanoparticles as electron acceptors for micro-
bial contaminant degradation in contaminated aquifers might develop into a novel bioremediation
strategy creating in situ reactive barriers. In a targeted approach, we will be able to create sustained
zones of enhanced biological activity, which will consume all passing contaminants.

[1] M.F. Hochella, S.K. Lower, P.A. Maurice, R.L. Penn, N. Sahai, D.L. Sparks, B.S. Twining Science

2008, 319, 1631.
[2] J. Bosch, K. Heister, T. Hofmann, R.U. Meckenstock Appl. Environ. Microbiol. 2010, 76, 184.
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Drilling mud sited in the south of Algeria give rise to an important pollution due to the presence
of hydrocarbons and PAH’S. The remediation of these components is more difficult regarding the
various species which exist and the interactions which occur between them. In this work, after the
analysis of a sample of a real drilling mud, electrokinetic remediations of simulated samples have
been tested. Knowing that hydrocarbons are hydrophobic, facilitated agents are added i.e. surfac-
tants and co-solvents. Oxidants have also been added to test their ability to reduce the toxicity of
some components by their reduction.

Electrokinetic tests were carried out in a cylindrical cell in Glass where the central compartment of
1 liter (inner diameter = 2.5 cm) containing 300 grams of a simulated drilling mud is separated from
cathodic and anodic sides by a filter paper (Whatman N°5) inserted between a grid of rigid nylon
(mesh size = 2mm) and fibers ion exchange FIBAN A6 OH form and Fiban K1H* form or ion exchange
membranes. The circulation of the catholyte and the anolyte is ensured by a peristaltic pump (Wat-
son Marlow 313S) from graduated reservoirs (250 ml each) at a flow rate of 15 ml.mn* which allows
the escape of generated gas near the electrodes. In the two extremities there are two graphite
electrodes. The variation of the composition of the sample is followed by analyses using Infrared
spectroscopy, Gas Chromatography coupled to Mass Spectra and UV spectroscopy. 200 to 1000 ppm
of zinc are added to the clay and their removing is followed. The applied voltage is delivered by a
power supply and maintained constant in all the runs.

The influence of some parameters is examined as current density, pH and conductivity. The role of
the concentration of facilitating agent is also shown and the various results obtained are discussed
and allow a solution for the treatment of drilling mud.
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Ambient-measured BC/CO ratios offer additional constraints to evaluate BC emissions as the ratios
differ by combustion type and condition, but the influence of atmospheric processes, particularly
wet deposition, needs be quantified. In this study, we use the observed mass concentrations of BC
and their correlations with CO at Miyun, a rural site near Beijing, during the non-heating seasons of
2010 (April to October), to constrain BC emission estimate for North China Plain (NCP) through a 3-D
chemical transport model (GEOS-Chem). BC has moderate to strong positive correlations with CO
(R2=0.51) at the site. The model captures the observed temporal variability of BC (R = 0.7), but un-
derestimates BC concentrations by 22%. The rate of decrease of the BC/CO ratio with increasing pre-
cipitation is about a factor of two slower in the model than in the observations, suggesting the need
of more efficient wet removal process of BC in the model. We estimate that wet removal contributes
to a positive bias of +19% in simulating BC concentrations, while the model’s resolution

introduces a negative bias of -11%. After quantifying these two types of model biases, we estimate
that the bottom-up inventory of Zhang et al. [1] used in the model underestimates BC emissions
from NCP by about 33%. The difference is most likely to be attributed to the industry or transporta-
tion sector.

[1] Q. Zhang, Streets, D. G., Carmichael, G. R., He, K. B., Huo, H., Kannari, A., Klimont, Z., Park, I. S.,

Reddy, S., Fu, J. S., Chen, D., Duan, L., Lei, Y., Wang, L. T., and Yao, Z. L.: Asian emissions in 2006 for
the NASA INTEX-B mission, Atmos Chem Phys, 9, 14, 5131-5153, 2009
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Increasing ecological awareness of protection of environment has focused the attention of global
scientists towards the oil pollution problems. One of the problems is reclaiming the oil affected sites.
This problem is being tackled by old faithful clean up method such as land fills, aeration procedures
or removing the top soil. Later on thermal and chemical treatment methods were also used. But
these treatments are expensive and require the use of air emissions control devices and continuous
air monitoring. Therefore, more stringent restrictions pertaining to oil pollution and increasing cost
associated with traditional technologies have lead to the development of bioremediation technique.
A breakthrough has been achieved in developing an indigenous bioremediation technique to tackle
he crude oil polluted sites by developing a population of microorganisms capable of biotransforma-
tion of contaminants by isolating and amplifying the capabilities of crude oil specific biodegrading
microorganisms and defining the appropriate nutrient chemistry and physicochemical environmen-
tal parameters in order to optimize bioremedial performance. A culture medium is developed for
the reduction in bactericide evaluation period. The use of this medium for bactericide evaluation
against Sulfate Reducing Bacteria (SRB) has reduced the evaluation period from 28 days to 10 days.
It is found to be cost effective as compared to other remediation methods and consequently, leads
to the degradation of pollutant to environmentally benign end products of CO, and H,O. It greatly
reduces the liability of generating end products needing disposal and fixation, which do not result in
the ultimate destruction of the contaminants.

The following figures shows the in- situ bioremediation of oil soaked soil.

|
.ﬁ»& ‘_:

Oil affected site before Bioremediation Same site after the Bioremediation treatment

[1] B.K. Gogoi, N.N. Dutta, P. Goswami, T.R. Krishna Mohan Advances in Environmental Research,
Volume 7, Issue 4, June 2003, 767-782.
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Volatile organic compounds (VOCs) are harmful to human health and the environment. Benzene,
toluene and xylene (BTX) are one kind of the major VOCs in air in a large scale. Catalytic oxidation is
considered to be the most suitable pathway for the removal of VOCs owing to its easy application,
high efficiency and low production of thermal NOx [1]

In this study, mesoporous Co,O,(3D) was prepared by a nanocasting route using mesoporous KIT-6
silica [2] as a hard template and tested for the total oxidation of oxylene in the temperature range of
150~300°C. The mesoporous Co,0, (3D) exhibited a much higher activity than the Co_O, (P) catalyst
synthesized by precipitation method [3]. The Pd addition further improved the catalytic activity of
the mesoporous Co,0,(3D) and 90% conversion of 150 ppm o-xylene can be achieved at 246°C over
the Pd/Co,0, (3D) catalyst at a space velocity of 60,000 mL-g™*-h™. The prepared materials were cha-
racterized by BET, XRD, TEM, XPS and H2-TPR methods. The BET and TEM results indicate that the
mesoporous materials have uniform channel dimensions. The TPR and XPS data indicate that Pd was
well dispersed on the surface of Co,0, (3D) and could easily activate the oxygen. Therefore, Pd/Co,0,
(3D) showed the highest activity for catalytic oxidation of o-xylene among four catalysts.
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[1] H. Einaga and S. Futamura J. Catal 2004, 227, 304.
[2] F. Kleitz, S.H. Choi, R. Ryoo Chem. Commun 2003, 2136.
[31Y. Yu, T. Takei, H. He, M. Haruta J. Catal 2009, 267, 121.
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Agricultural production when you see its system of storage, distribution and logistic as a whole but
the final price represent much of infrastructure,distribution and logistic in Brasil.
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Environmentally friendly iron-bearing minerals such as magnetite and goethite as heterogeneous
Fenton catalysts in the degradation of the dyes and pesticides have been paid attention due to
their proven and excellent catalytic reactivity towards H,O, [1, 2]. In the present study, decolouriza-
tion-degradation of the azo dye Orange G (OG) was investigated in detail by using industrial waste
zinc-bearing magnetite (WMT) and synthesized magnetite (SMT)/H,0, as heterogeneous Fenton-
like reagents under dark and visible irradiation. Magnetite surfaces catalysed a Fenton-like reaction
responsible for decolourization-degradation of OG following pseudo-first order kinetics (R2>0.97).
These processes were effective but seriously impacted by the medium pH values and the dosages of
both the different magnetite catalysts and H,O,. The decolourization- degradation efficiencies of 0G
increased with the decrease of solution pH and/or the increase of H,0,. The acidic aqueous medium
conditions were likely favourable due to the enhanced surface adsorption of the negatively charged
azo dye OG leading to the promotion of decolourizing-degrading OG. However, the effect of zinc
substitution in the WMT on the decolourization-degradation efficiencies of the dye OG was relatively
obvious under visible irradiation compared with dark irradiation. On the other hand, due to its large
specific surface area the WMT displayed significantly higher oxidative decolourization-degradation
efficiencies (TOC) of OG for comparison with the SMT. This implied that between decolourization and
degradation of OG were not completely uniform during the Fenton-like reactions. In addition, the
zinc substitution alike ZnO may partially contribute to the OG degradation by photo-catalyzation, but
did not play the role of the transition metals Co?*, Mn?*, V** and Cr3* at the octahedral sites that could
decompose H,0, to produce *OH and accelerate the electron transfer [2, 3].

[1] H.H. Wu, X.W. Dou, D.. Deng, Y.F. Guan, L.G. Zhang, G.P. He Environmental Technology 2012 (in
press).

[2] X.L. Liang, SY. Zhu, Y.H. Zhong, J.X. Zhu, P. Yuan, H.P. He, J. Zhang Appl. Catal. B-environ 2010,
97, 151.

[3] R.C.C. Costa, M.F.F. Lelis, L.C.A. Oliveira, J.D. Fabris, J.D. Ardisson, R.R.V.A. Rios, C.N. Silva, R. M.
Lago J. Hazard. Mater. B 2006, 129, 171-178.

This work is financially supported by National Natural Science Foundation of China (Grant Nos.
40773080 and 41072034).
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Cities in developing countries are at particular risk of the impact of climate change. Dhaka, the capi-
tal of Bangladesh, is a largest and densely packed megacity in the world. Due to the over population,
critical geographic location, unplanned human and industrial settlement, unplanned land use and
infrastructural settings and environmental degradation, Dhaka has become an extreme vulnerable
megacity to climate change in the Asia and World as well. On the other hand, due to increase of
industrialization, electricity consumption and motor vehicle use, generation of greenhouse gases
(GHG) and air pollution of Dhaka is now in danger level. Moreover, Dhaka is most vulnerable flood
prone city both from the rivers and rainfall that beyond the capacity of the city. The governance and
management of Dhaka City are under a multiple organizational jurisdictions, where as many as 40
institutions are involved. In practice, governance of Dhaka megacity has become complex due to the
multiplicity and lack of coordination among its agents. Consequently, Dhaka city dwellers have been
facing multifarious environmental problems. These problems intensified the climatic problem of the
city. Failing to address the climate change impact will be a great hindrance to economic development
and existence of city in the long-run. In this circumstance, this paper discussed the practical scena-
rio of climate change impacts in Dhaka and existing policies, adaptations and mitigation programs
taken in the city to face climatic problems. The paper has been prepared based on the secondary
and primary sources of data. The results of the paper revealed that the Dhaka is most vulnerable
with widespread impacts of climate change and there are no comprehensive and integrated efforts
in urban governance of Dhaka to address the existing threats and challenges of climate change in
future. However, few policy guidelines and initiatives for adaptation and mitigation programs on
climate change impact found separately by various agents of urban governance in Dhaka. The paper
recommends integrated urban climate governance for adaptation and mitigation of climate change
challenges in Dhaka Mega-City.
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Sediments are dredged from harbors and channels to maintain navigational depths. However harbor
sediments are generally contaminated by organic and inorganic contaminants. Little contaminated
sediments are typically disposed of at sea but highly contaminated sediments are rather disposed
of in lagoons, at land or in confined disposal facilities and reuse solutions can be proposed if they
are treated before. Electrokinetic (EK) remediation can be a promising treatment for the removal of
cationic heavy metals from low-permeable matrices such as sediments but is limited for PAHs which
are nonionic and have a low aqueous solubility.

In our study, electrokinetic experiments were conducted under a constant potential gradient (1V.
cm™?) with various processing fluids to improve the decontamination of artificially contaminated
sediments with heavy metals (Cd, Cr, Cu, Pb and Zn) and five PAHs. Results revealed that adding a
strong inorganic acid (nitric acid) into the aqueous fluid was more effective than adding a weak acid
(citric acid) to remove heavy metals from the sediment, but the complexing citric acid was promising
for longer treatments.

Concerning PAHs, an anionic surfactant (sodium dodecyl sulfate SDS) and a nonionic surfactant
(Tween 20) were tested to mobilize, solubilize and favor their EK migration. In all experiments, the
low weight PAH (phenanthrene) was better extracted than the other PAHs. But using simultaneously
SDS and citric acid or Tween 20 and citric acid improved the extraction of high weight PAHs, because
the electro-osmotic flow was higher with the mixture surfactant + acid than when surfactant was
used without acidification of the medium. Thus EK treatment with a combination of a surfactant and
citric acid was the most effective to extract simultaneously PAHs and heavy metals. Consequently,
this mixture was also tested on real dredged sediments from a Norman harbour disposal site.
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Since the European Union has adopted the Water Framework Directive (WFD) in October 2000, the
quality of water environment has become a priority for its different members who are obliged to re-
duce or remove the different toxic substances contained in the aquatic environment. In this context,
we were interested by common organic contaminants like pesticides and pharmaceuticals, and by
the use of natural porous materials as adsorbents to remove these contaminants from water.

In this way, three natural zeolites (clinoptilolite, mordenite, chabazite) and one clay (sepiolite) were
selected as potential adsorbents. The adsorption capacity of these solids for different pharmaceuti-
cals and pesticides was investigated using batch method developed by the Environmental Protection
Agency (EPA)[1].

The adsorptions of 10 pg/L of Linuron (pesticide) onto the four selected adsorbents as a function of
the solid-solution ratio at pH =7.0 £ 0.1, | = 102 mol.L’* (NaCl) are presented in the next figure.
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The results showed that sepiolite is the only solid presenting a normal profile of adsorption, which
increases with increasing solid-solution ratio. This difference of adsorption profile between sepiolite
and zeolites can be explained by a greater adsorption efficiency of sepiolite.

1. W. R. Roy, .G.Krapac, S.F.J. Chou, R. A. Griffin. Technical Ressource Document 1991, EPA/530-SW-87-
006-F

The ANR Emestox (ANR PRECODD 2008), the Aquitaine Region and the European Union (CPER A2E project)
are acknowledged for their financial support. Europe is moving in Aquitaine with the European Regional De-
velopment Fund.
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A trickling filter model with three different filling media (Wild Thorn, Arum Plant (Fiber) and Palm
Tree Bark), was made for biological treatment of municipal waste water. This is the first documented
attempt, on the international level, of using these plants as fillings for the trickling filters. The tests
were run for three different superficial flow rates (15, 30 and 45 m3*/m?2.d) without recycling. The
operation of the model was continuous for about four months, so as to consider the variation in am-
bient temperature. Results indicate that good BOD5 removal efficiencies may be gained by the use
of these filling Medias. With a superficial flow rate of (15 m3/m?.d), efficiencies of about (76%, 71%
and 62%) for Wild thorns, Arum Plant (Fiber) and Palm tree Bark, respectively, were achieved under
ambient temperatures of about 36-40° C, and (73%, 69% and 61%), in the same manner, under 23-
25° C. A problem of filter clog was indicated with the use of Palm tree Bark under high superficial
flow rates (above 30 m3*/mZ2.d). In addition to that, it was noticed a high abundance of flies around
the trickling filter model with the use of all tested filling media.

[1] Ross E. McKinney, “Environmental Pollution Control Microbiology”, Marcel Dekker, Inc, 2004.

[2] Al-Malikey S. Bash, “Performance of trickling filter with scrap (PVC) fills in a Vegetable Qils Indus-
try Factory”, Proceeding of Jordanian Chemical Engineering Conference 1V, V.2, Sept., 2002.

[3] Ed. David H.F. Liu & Bela G. Liptak “ Environmental Engineer’s handbook”, Boca Raton: CRC Press
LLC, 1999.

[4] Sven Erik Jorgensen, “Principles of Pollution Abatement”, Elsevier Publishing Company,
sept.2000.

[5] Coulson J. and Richardson J., “Chemical Engineering”, V2, 3rd. edition, Pergamon Press, 1985.
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Clays are natural minerals which are spread throughout the Algerian soil. In the two last years, a
new clay mineral was discovered named Attapulgite. This material is fibrous clay of palygorskite’s
family, formed of an octahedral layer sandwiched between two tetrahedral layers, resulting in a dis-
continuous sequence with the presence of canals. Our study is about the adsorption of cationic dye
methylen Blue by the Algerian attapulgite noted Atta@dz.

In the first time, our material is characterized by the usual methods of analysis like the infrarouge
spectroscopy (FTIR), the X ray diffraction (XRD) and the chemical analysis.The results give the fol-
lowing chemical composition: SiO,-37.93; Al,0,-8.41; MgO-7.92; Fe,0,-6.09; Ca0-15.59, a specific
surface area of 80 m2.g™ and the Xray diffraction revealed the presence of the first ray at 10,27A.
After that, the kinetic study of this adsorption reaction is realized. This reaction is followed by UV
Visible spectroscopy that allows determining the optimal parameters of adsorption with a fixation
pourcentage of 97% after 5 minutes of reaction. The adsorption isotherms’ modelisation, demons-
trated that the adsorption of methylen blue in this palygorskite follows the Langmuir model with
a maximum adsorption capacity about 57,47 mg.g*. The kinetic and thermodynamic study of this
reaction enable us to conclude that the adsorption of the cationic dye in the fibrous clay is an endo-
thermic reaction of the second pseudo order with a kinetic constant of about 0,203.
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Glyphosate (N-(phosphonomethyl) glycine) is a post-emergent, systemic and non-selective herbicide
that is used in both agricultural and non-agricultural areas all over the world. Its increasing use requi-
res special attention to its transfer from terrestrial to aquatic environments. The aim of this project
is to remove the glyphosate contained in agricultural drainage water by adsorption and biodegrada-
tion in a constructed wetland. Therefore, several objectives are sought: (i) select a suitable sorbent
for preliminary retention of glyphosate, (ii) select a plant that will support rhizosphere microbial acti-
vity which will degrade glyphosate, and (iii) optimize agronomic practices on a full-scale constructed
wetland using the sorbent and the plant.

The intended process is to biodegrade glyphosate previously adsorbed on a substrate. This substrate
must fulfill 2 purposes: (i) be a good adsorbent for glyphosate and (ii) not hinder the development
of rhizosphere associated to the managed wetland vegetation. Based on previous works concerning
phosphate and arsenic removal on one hand and glyphosate behavior in soils on the other, 2 suppor-
ting materials were investigated for their ability to adsorb phosphate:

- The Bauxaline® (Rio Tinto - Alcan, Gardanne, France), which is a byproduct of the aluminum indus-
try.

- The GEH 104® (GEH Wasserchemie, Osnabruck, RFA), which is a highly efficient adsorbent whose
operating principle is based on the chemistry of ferric hydroxide.

Complete characterization of both media was performed through elemental analyses, X-Ray diffrac-
tion, infrared spectroscopy, specific surface area (BET), electron microscopy (SEM and TEM) and
phosphate adsorption behavior. GEH 104 was found to be best as a support as it displays a much hi-
gher surface area, greater affinity for phosphate and less impurities than Bauxaline and was further
exposed to glyphosate solutions.

The next step will consist in cultivation trials of plants that were previously screened to grow suffi-
ciently in such environments (i.e. Phragmites and Salicaria) at laboratory scale in order to optimize
agronomical procedures with the final goal of decaying glyphosate. The last step will be the imple-
mentation of this technique (support and plants) on a cultivated watershed in order to validate the
process at field scale and to evaluate performances and economics of such a treatment of agricul-
tural drainage.
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DETERMINING LEVEL OF DAMAGED ECOSYSTEMS OF CASPEAN SEA AREA
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In the short term development of oil and gas deposits on the continental shelf of the Caspian (Kas-
hagan) may dramatically increase the environmental burden not only on the Kazakhstan part of
Caspian Sea region [1,2], but throughout the waters of the central and northern part of the Caspian
Sea. One of the most common and dangerous for biota associated petroleum contaminants are
heavy metals, which is polluted at the same time as the water environment and soils of the coastal
zone. Devising a successful phytoremediation strategy necessitates selecting plants with enhanced
tolerance to metals and metal hyper accumulation (inclusive of uptake, translocation and seques-
tration) [3,4]. It is well established that all higher plants can accumulate heavy metals in different
concentrations. However, significant differences in metal accumulation were shown between and
within plant populations. There are an indications in the literature that amaranth plant species may
accumulate heavy metals in their organs [5,6]. Since in Kazakhstan the populations of two amaranth
subspecies A. paniculatus and A.tricolor are widespread and Cd, Cu and Zn are more important
pollutants in the industrial regions, further experiments were carried out with these heavy metals
using the Kazakh populations of these two amaranth subspecies. We studied therefore the effects
of increased concentrations Cu, Cd and Zn on the growth and development of the subspecies of
amaranth [7 Bigaliev a.oth., 2003]. Growth rate and biomass production of amaranth plants were
used for determination of the toxic levels of heavy metals. Source removal technologies full or par-
ticle excavation, if possible larger unsaturated zones: first — step wize up-scaling to full remedition,
second - extrapolate within each cluster.

[1].Kenzhegaliev A. Problems of pollution of the Caspian oil and gas complex zone / / Materials of international confer-
ence «Prospects for sustainable development of ecosystems Caspian region.»-Almaty,2004.-14 p.

[2]. Bigaliyev A.B., Begimbetova D.A. “Nature protection and biodiversity conservation in Kazakhstan” in book “UNESCO
Science Education Workshop on Biodiversity and Sustainable Development”. Seoul. 2010. p. 205-211.

[3]. Bigaliyev A.B, Ishanova N.E., Bigaliev A.A.,Kezhin Zh D. The Ecology-genetical evaluation of ecosystem status of Aty-
rau oil-gas producing area. Int. J. of Biology and Chemistry, 2011, N:1, P.55-58

[4].Fletcher John S., Leth Beth Mary, Prouzova Petra,Nagle David P.Mackova Martina and Macek Tomas. Rhizosphere
remediation of PCBS: A field study in the Check Republic. Proceedings of The 4th Int. Conf. of Carpathian Ecology. April
28-30, 2003. Miscolc- Tapolka, Hungary. P.1-5

[5].Lakatos J., Snape C. E., Ulmanu M. Transition and heavy metal ion sorption from multi component system. Procee-
dings of The 4th Int. Conf. of Carpathian Ecology. April 28-30, 2003. Miscolc- Tapolka, Hungary. P.128-134.

[6] Kartel.M , Kupchik.L, Mitchenko.A. , Kovtun.M. Effectiveness of water purification from heavy metal ions by various
active carbons .Proceedings of The 4th Int. Conf. of Carpathian Ecology. April 28-30, 2003. Miscolc- Tapolka, Hungary.P
421-427

[7] Bigaliev.A.B., Boguspaev.K.K, Arystanova SH.E, Zhexembetova M.A. Phytoremdiation potential of Amarunthus sp. For
hevy metals contaminated soil. Proceedings of The 4th Int. Conf. of Carpathian Ecology. April 28-30, 2003. Miscolc- Ta-
polka, Hungary.P83- 89
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Microbial fuel cells (MFC) are electrochemical devices that use the metabolic activity of microorga-
nisms to oxidize organic matter (fuels) and produce electrons that are collected at the anode and
transported to the cathode through an external circuit. Various sources of organic matter including
biomass, domestic or industrial wastewaters can be used as fuels in anodic compartment. MFCs can
then allow both water treatment and electricity generation.
Graphite is commonly used as anode material, Dumas et al. [1]. The electrons can be transferred di-
rectly to the anode (microorganisms in anode biofilm) or indirectly (electron chemical shuttles) Z.Du
et al. [2] and K. Watanabe et al. [3]. In the first case, it is often necessary to wait for several weeks
before the formation of efficient biofilm. We have developed catalytic interfaces that do not require
any significant starting delay and that display higher current performances, as compared to pure gra-
phite. The electroactive compounds are mixed Fe/P/S solids obtained from coprecipitation onto gra-
phite suspension of Fe* and HS ions in phosphate buffer solution. These solids were characterized
by FTIR, SEM, XRD and pRaman. For the fabrication of anodes, Fe/P/S-modified graphite particles
are fixed to a stainless steel disc with the aim of carbon ink. The anode is installed at the bottom part
of a 5x5 cm square home-made MFC with about one centimeter height anodic compartment filled
with 1 mM NaCl / garden compost solution while the cathode, made with a stainless steel grid is at
the top of the device.
MFC voltage values were recorded as a function of storage time. Within the first two days, the anode
potential decreases from about -0.35 to -0.6V/AgCl/Ag and then stabilizes, mainly indicating that
a biofilm rapidly forms and that (Fe/P/S)_ formed during air exposition can be reduced back to
(Fe/P/s) ., from anaerobic bacteria activity in anodic compartment. A similar reactivation is also ob-
tained after each discharge step. From periodic discharge experiments, we obtained current-voltage
and power density features. The in-
fluences of anode parameters (sur-
face, Fe/P/S composition, operating
temperature...) were studied. A
maximal power density of ~10 W.m?
at a current density of ~25 A/m3was
obtained. Under these operating
conditions, the treatment of 1 m3 of
200 mg.L* COD wastewater would
theoretically last for about 27 h and would produce an electrical energy of 270 Wh.
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[1] C. Dumas; A. Mollica; D. Féron; A. Bergel, Bioresource Technology, 99, 2008, 8887-8894. [2] Z.Du, H.Li,
T.Gu, Biotechnol.Adv.25. 2007, 464-482.
[3] K.Watanabe, J.Biosci.Bioeng.6. 2008, 528-536.
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The link between eutrophication and phosphate, essentially from wastewater, is well established
[1]. The reduction of phosphates in wastewater before the rejection in the environment is of inte-
rest to slow down eutrophication. Several phosphorus-removal technologies are available, involving
metallic salts of iron, aluminum and calcium precipitation, and some organo-cationic polymers [2].
There are also some solutions using assimilation of phosphates by bacteria and plants in the biolo-
gical process [3]. However, difficulties of manipulation, large amounts of chemical sludge produced
and operating costs are obstacles in the use of these techniques [4]. In particular, for developing
countries, environmental issues required specific treatment processes that can be readily available
and costly affordable. This study assesses the capacity of natural laterite and sandstone from Ivory
Coast as potential phosphate-removing substrate in batch tests. The characterization of laterite and
sandstone indicates that they mainly contain very high levels of iron and aluminum oxy-hydroxides
and diverse dioctahedral clays. This mineralogical composition is concordant with a potential phos-
phate adsorption capacity of interest for these materials. Phosphate adsorption tests were carried
out using crushed laterite and sandstone (250 um) with specific surface areas of 34.1 + 0.4 and
4.7 £+ 0.6 m%.g! respectively. Optimal doses and effects of pH on adsorption were analyzed from
phosphate solution of 10 mg.L* at 30+2°C. Effect of initial concentrations (1; 5 and 10 mg.L™) on the
adsorption kinetics was studied for 24 hours. The variations of adsorbent masses lead to an optimal
dosage of 15 and 20 mg/L respectively for laterite and sandstone. Adsorption data were modeled
using the pseudo-first-order, pseudo-second-order and intraparticle diffusion kinetics equations.
Among these models, the pseudo-second-order equation successfully described the kinetics of the
phosphate adsorption on these adsorbents. The rates constants (k2) were 9.75 g.mg*.h* and 261.71
g.mgt.h* with equilibrium time of 6 hours and 4 hours respectively for the laterite and the sandsto-
ne. These results indicate that these laterite and sandstone can beneficially be used for the removal

of phosphate from wastewater.
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Plots of sorbed capacity versus time for sorption kinetics of phosphate on laterite at 30°C, pH=6,5; [P]=10mg.L™.

[1] Y. Comeau, F. Ardelean SORDAC 2006, 82p
[2] L. E. De-Bashan, Y. Bashan Wat. Res. 2004, 38, 4222.

[3] F. El Hafiane, A. Rami, B. El Hamouri J. Wat. Sc. 2003, 16, 157.
[4] P. Cooper, T. Dee, G. Yan Conference on Industrial Wastewater Treatment 1993.
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Ordered mesoporous organosilicas (OMOs) represent broad class of porous materials [1-3]. High
values of specific surface areas, large pore volumes and diverse morphologies make them very at-
tractive materials in the fields related to catalysis, adsorption, water remediation etc. [4-8]. An im-
portant advantage of the sol-gel synthesis of OMOs is the possibility of introduction of the organic
groups into the ordered structure during one-pot synthesis [9-11]. Thus, proper choice of organic
functionalities introduced into the framework can result in creation of effective and selective sor-
bents for heavy metal ions.

In this work SBA-15 and SBA-16 materials functionalized with different groups were synthesized
and characterized by FT-IR spectroscopy, powder X-ray diffraction, thermogravimetry, transmission
electron microscopy and nitrogen sorption measurements. The resulted materials exhibited well-or-
dered mesoporous structure, high values of surface area and high contents of functionalities intro-
duced by cocondensation of the monomers. Selected samples have been tested as sorbents of Hg*,
Pb?*, and Cd** ions from liquid phase. Observed static sorption capacities testify to great usefulness
of these materials towards effective and selective removal of these ions from wastewaters.
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In drinking water supplies, arsenic exists mostly as two inorganic forms, arsenite [As(Ill)] and ar-
senate [As(V)] which are toxic to living organisms [1]. According to WHO recommendations, the
drinking water standard was reduced from 50 to 10 pg/L and many regulatory agencies have re-
cently accepted this new standard [2]. Most of the existing treatment processes are effective only
on arsenic anionic forms [As(V)] and not on neutral and mobile arsenic complexes [3]. To overcome
this lack of efficiency, a first oxidation step of As(lIl) form is necessary and is usually performed using
strong oxidant or binding materials that are costly for small drinking water treatment units. An al-
ternative to theses physico-chemical treatments is the biological treatment using As(lll)-oxidising
bacteria [4]. Numerous autotrophic bacteria are able to oxidise arsenic. Among them, Thiomonas
arsenivorans [4-6] is able to oxidise As(lIl) up to 100 mg As(lIl)/L and appears to be a good candidate
for its known capacity to use As(lll) as an energy source and carbon dioxide or carbonates as carbon
source. An As(lll)-oxidizing biological treatment pilot unit coupled to trapping units for As(V) removal
at the outflow of the biological bioreactor was performed on site in order to study the strength of
the biological process in real operating conditions. The bioreactor was previously inoculated with
the autotrophic As(lll)-oxidizing Thiomonas arsenivorans. Then, it has been intermittently fed with
contaminated water from the drinking water well, at site temperature (15-17°C) and under downs-
tream mode. As(lll)-oxidizing biofilm development has been followed during the pilot functioning
using CE-SSCP-16S (targeting the global community) and PCR-DGGE-aoxB (targeting As(lIl) oxidizers)
fingerprinting techniques. Results showed a complete colonization of the mineral support (i.e. po-
zzolana) by indigenous bacteria of the groundwater to be treated. Moreover, the oxidation yield of
the biological step was in the range of 54 to 100 % depending on the residence time (from 30(?) to
7 minutes) and the residual As concentration at the end of the complete treatment process (biolo-
gical oxidation and trapping) was below 2 pg As/L. These results are thus very encouraging for an
industrial application in regard to the strength and its absence of nutrients supply, except for the low
amount of oxygen needed if it is not in sufficient concentration in the site water.

[1] Argos M., Kalra T., Rathouz P.J,, et al... www.the lancet.cm, DOI: 10.1016/50140-673(10)60481-
3, 2010.

[2] WHO, Guidelines for drinking-water quality. World Health Organization Press, Geneva, 1996.
[3] Wang S. and Zhao X., Journal of environmental Management, 2009, 90, 2367.

[4] Battaglia-Brunet F, Joulian C, Dictor M-C, Garrido F, Morin D, Coupland K, Hallberg KB, Johnson
DB, and Baranger P ,2006, Ant. Van Leuw. 89, 99.

[5] Michon J., Dagot C., Deluchat V., Dictor M.C., Battaglia-Brunet F., Baudu M., Process Biochemis-
try 2010, 45, 171-178.

[6] WAN J., Klein J., Simon S., Dictor M-C., Joulian C., Deluchat V., Dagot C. Water Research, 2010,
44, 5098-5108.
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Several industries in sectors such as tanning, metallurgy, surface treatment, etc., produce daily, huge
amounts of wastewaters that are usually discharged untreated into the surrounding environment.
The major pollutant containing in this liquid waste is chromium. Due to their hazardous characte-
ristics and non-biodegradability, Cr (VI) generates extremely adverse problems to the environment
and poses a great threat to human health. Then, it is of paramount importance to remove chromium
from industrial effluents that are released to the main water bodies or to the land. The potential of
immobilized yeast on granular pouzzolan to accumulate chromium as well as its biosorption capacity
is investigated in this study in discontinuous mode. Variations of some parameters such as chromium
solutions concentration, evolution pH, Time and Temperature, were considered to assess the fixed
biomass performance. The experimental results indicate encouraging performance towards removal
rates of 85—90%.The equilibrium uptake processes followed the first-order rate expression.

Keywords: Biosorption, yeast, hexavalent chromium, adsorption isotherms, biomass

[1] Ho, Y.S. McKay, G.— Process Biochemistry .1999, 34, 4510-465
[2] Arica, M.Y., Bayramoglu, G. Colloids and Surfaces. 2005, 253, 203-211
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Porous carbon materials obtained by using the templated method have received a great deal of
attention because of their extensive applications in gas separation, water purification, catalytic reac-
tion, and electrochemical processing. In the present work, hierarchically porous carbons with large
surface area and high pore volume were prepared by using two types of diatomites as both template
and catalyst. Very interesting characteristics of the porous structures of the diatomite-templated
carbons were showed. The macroporosity and microporosity of the obtained carbons were derived
from the replication of diatom shell and the reconfiguration of the carbon film, respectively. The
macroporosity of carbons was strongly dependent on the original morphology of the diatom shell
template. One macroporous structure was composed of carbon plates connected by carbon pillars
and carbon tubes, which were resulted from the replication of the central and edge pores of the
diatom shells with disc-shaped morphology, respectively. The other consisted of carbon tubes repli-
cated from canoe-shaped diatom-shells. The acidity of diatomite dramatically affects the porosity of
the carbons, more acid sites of diatomite template resulted in higher surface area and pore volume
of the carbon products. The obtained carbons exhibit surprisingly larger adsorption capacity for the
large-sized solvent naphtha and small-sized methylene blue than the commercial activated carbon
because of the hierarchical porosity. Moreover, the obtained carbons are readily reclaimed and re-
generated uses for the adsorption.

This work is financially supported by National Natural Science Foundation of China (Grant N°
40872042) and Natural Science Foundation (Grant N° 8151064004000007) of Guangdong Province.
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To prevent pathologies in asphalt pavement (especially the degradation at the claycoated aggregate
/ bitumen interface in contact with water), the practice in most of European countries requires the
use of sandy-aggregates with a low content of fine particles defined as the fraction < 63 um that
contains the < 2 um fraction associated to clay. France, Belgium and Denmark chose to evaluate
the conformity of sandyaggregates products by checking clay content instead of applying a syste-
matic washing of aggregates. The methylene blue dye (MB) adsorption test (EN 933-9 [1]) is used to
confirm the harmfulness of the fine fraction [2]. The adsorbed MB amount is related to the specific
surface area (and the surface charge) of fine particles and is especially sensitive to the swelling clay
presence (as montmorillonite) [3]. So, the quantity of quarry dead that can represent more than
50% of the extracted aggregates in a quarry depends on the protocol of MB measurements and its
accuracy. But, in the last decencies, this protocol changed while the limits of conformity did not vary
implying a waste in natural resources. The protocol change concerns the drying or not of the mate-
rial before the MB adsorption measurement. We present here first results comparing adsorption by
varying the MB protocol and expose how a better comprehension of the surface charge and surface
area behavior of fine particles with variable mineralogy can help to improve the classification of
conform and unconfirmed sands. Finally, limits of conformity based on MB value should be revised
and discriminated with the clay quantity and mineralogy present in sandyaggregate by comparing
MB value with asphalt pavement behavior. A treatment of unconformed aggregates (with lime for
example) may be an alternative to lower the waste quarry and save the natural resources.

[1] EN 933-9, European standard (French standard), 2009, Afnor.

[2] M. Huet, Etude et recherches des Ponts et Chaussées, 1991, 58p.
[3] G.W. Brindley, T.H. Pham, Clay and clay Min,1970, 18,203.
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Libya is poor countries water that does not have any periods of water surface due to the groundwater nature
and it fell within climate semi-arid where of long-range and geological Major role in shaping the nature fea-
ture of the region during the era of Oligocene and Pleistocene during the time trio and quartet .it is believed
that al-Jafara Basin a time during the quartet was completed for the construction of natural water during
Pleistocene and the Jafara basin is water one of the most important sedimentary basins which fed the wes-
tern region stretching from the five east to come in contact the sea west toward the Tunisian border were
heading southwest towards Mslath offer 150 km and length of 130 km and displays

The pelvis to the operations of cracking and sediment to the emergence of a group of fractures to the nor-
thwest and south-east until the abu-krch mountain distance of 100 to 200 m about to turn east and west
to includes the crack Azizyah the great to the deposits of the valley and mud where they became the basin
exposed to the abortions and drilling of wells without considering the natural conditions which may cause
environment problem such as earthquake and which is under the ground to it annually to almost one million
earthquake does not feel people are mostly either weak or to occur in areas humans or don not feel earth-
quake usually only when is intensity to 4 degrees on Richter scale and is great when the power up to 7 degree
on Richter scale .Jafara Basin of areas may be subject earthquake due to low water levels underground and a
set of faults with fracture that may energy operation earthquake slope because of the low pressure the class
because of the exploitation of water led to the edges and cracks parallel to the contour lines may relate to
these cracks together which increased the breadth a result of increased landing differential layers due to low
pressure on the natural equilibrium line and the lowering of fresh water and drained ,the establishment basin
faults and fractures as a result of the tensile and compression of the layers ,causing gaps and depressions
mainly Azizyah refraction is a great inverted from he spoke seismic basin where rocks may bend and stone
energy and when sliding occurs in the areas of weakness and focus earthquake that are at a depth of 20 km
and which have a depth of 700 km to occur by the removal of emerging major fault due excessive pressure on
the depletion of starch water located between the layers which may occur sudden movement of the energy
accumulated and stored on floppy mud millions of years .The cracks are formed far from the spacing of the
compression and accompanied by the landslides which may pose and between the spaces between particles
of materials and there is a direct relationship between the edges of the panels on the sides of continents and
fault so that the primitive edges to slip angle of 540 degree, the Jafara Basin has easy access four water reser-
voirs which include the formation Al-Azizyah cover the stones and sand with limestone formation Abuchebo
covered limestone formation and composition of Kkih and Qasr-al-Haj and the quantity of water in this basin
about 4.2x6100 km*

We will try in this paper to speak on the problem of depletion of the water Jafara basin water north-west Libya
and seismic indicators which may occur due to the increased pressure drop between pressure class and low
water pressure due to water depletion.
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It is agreed that sediments are vulnerable to contamination by heavy metals (e.g. copper, lead, and
Zinc) which can cause significant damage to the environment and human health as a result of their
motilities and solubilities, the sources of contamination are often associated with human activities,
such as Landfill operation, electrical generator and industrial estates. This study was undertaken
to review the efficiency of soil washing in remediating heavy metal- contaminated sediments of a
small lake using chemical reagents in batch system. The concentrations of copper, lead, zinc and
nickel were measured in sediments collected from the site, the samples were subjected to washing
reagents using solutions of ethylenediaminetetraacetic acid (EDTA), hydrochloric acid and citric acid,
the contact time, temperature and pH were taken into consideration. All measurements of target
elements were carried out by flame atomic absorption spectrometer. The data obtained showed that
HCl and citric acid are effective in removing Pb, Zn and Ni, and less effectiveness in removing copper
from the sediments. On the other hand, EDTA was effective in removing the metals of interest. Of
the washing reagents tested, EDTA solution was generally more effective for removing copper, lead,
zinc and nickel from the sediments samples. In addition EDTA can be reused many times.

Keywords: soil washing; heavy metal; washing reagents.
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This is the premier study reporting the degradation of polycyclic aromatic hydrocarbons (PAHs)
through Fenton-like oxidation catalyzed by magnetite. Kinetic degradation of PAHs was studied at
circumneutral pH by treatments: (i) H,0, + soluble Fe" (F), (ii) H,0, + magnetite as iron source (FL)
and (i) H,0, alone without catalyst (HP). Results show that oxidation of a model PAH compound
(fluorenone) spiked on sand resulted in its complete removal by FL treatment but degradation did
not exceed 20% in HP or F systems. However, in two PAHs polluted soils (sampled from coking plant
sites), negligible oxidation of 16 PAHs was observed regardless of the catalyst used: soluble Fe" or
magnetite. Then organic extract separated from these soils was added to sand and after evaporation
of the solvent, oxidation was performed which resulted in more than 90% of PAHs removal by FL as
compared to 15% by F or HP systems. These removal extents decreased by a factor of two when the
organic extracts were oxidized in the presence of original soil.

PAHs degradation extent was improved in soils pre-treated with availability-enhancement agents
such as ethanol or cyclodextrin and also with thermal pre-treatment (60, 100 a,d 150°C) during one
week under inert atmosphere.

Degradation was non-selective and no by-products were observed by GC—MS and pFTIR. Treatment
efficiency was highly limited by PAHs availability in soils and the soil matrix effect. This study points
out the promising efficiency of magnetite for PAHs oxidation at circumneutral pH over soluble Fe'" in
contaminated soils, and has important implications in the remediation of contaminated soils.
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During the last decade, pharmaceutically active compounds (PhACs) have emerged as a major class
among water pollutants. In fact, these molecules disrupt the proper physiological processes in li-
ving beings, even when present at low concentrations of nanograms per liter of magnitude. Among
PhACs, Carbamazepine (Cbz), a widely used antiepileptic drug, is known to be one of the most re-
calcitrant. Indeed, it persists in water after conventional biological treatment by activated sludge
[1]. Recent research showed that filamentous fungi, producing lignolytic enzymes (such as laccases,
manganese and lignin peroxidases), can under certain conditions, degrade bio-recalcitrant organic
compounds with complex chemical structure.

The purpose of this study was to test the capacity of a filamentous fungus strain, Trametes versi-
color DSM 11269 to remove Cbz, with or without a carbon co-substrate. Batch experiments were
conducted in 500 mL conical flasks containing 250°mL of a mineral medium [2], previously sterilized
at 121°C for 20 minutes. Cultures were performed at an initial pH of 7 at 22°C and a stirring speed
of 210 rpm. Three co-carbon substrates: glucose, phenol, and tryptophan, were tested at an identi-
cal initial concentration of organic carbon (400 ppm C). For each tested co-substrate, cultures were
performed in absence or presence of target compound. Cbz was added at an initial concentration
of 5 ppm. Samples were taken regularly over 21°days. The measured parameters were: pH, concen-
trations of Cbz and carbon co-substrates analyzed by HPLC. Enzyme activity was also determined in
order to evaluate laccase production.

Results have shown that the metabolic activity of the fungus is reflected by pH decreasing and
consumptions of carbon co-substrates. It was also revealed that among the three tested organic
growth supplements, glucose leads to the highest biomass concentrations and enzyme activities, in
presence or in absence of Cbz. It was observed that the presence of Cbz in the culture medium does
not inhibit Trametes versicolor growth in the presence of an easily assimilated carbon co-substrate.
This is in accordance with other published results [3]. In presence of phenol and tryptophan, low
concentration in biomass and low enzyme activity were noted. In terms of Carbamazepine elimi-
nation, a degradation of about 20% was observed in the presence of glucose and in the medium
without co-substrate. These results are very promising given the bio-recalcitrance of this compound.
Work is in progress to improve fungal culture conditions to enhance the reduction yield of the target
molecule.

[1] T. Kosjek, H.R. Andersen, B. Kompare, A. Ledin, E. Heath Environ. Sci. Technol. 2009, 43, 6256.

[2] M. Bajaj, C. Gallert, J. Winter Bioresour. Technol. 2008, 99, 8376.
[3] M. Aubenneau, A. Tahar, C. Casellas, C. Wisniewski Process Biochem. 2010, 45, 1826.
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Conventionally, feldspar is separated from quartz using an amine-type surfactant as cationic collector
in acidic circuit. Hydrofluoric acid (HF) is traditionally used in plant practice during the conditioning
step as a pH regulator and an activating agent providing an excellent selectivity of quartz/feldspar se-
paration. The HF reacts with aluminol sites or silanol sites on the feldspars surface forming alumino-
silicon fluoride complexes. The amine molecules are then preferentially adsorbed on these negatives
sites allowing the formation of an amine monolayer on the feldspar surface. In other hand, fluoride
ions can generate silica depression by exchanging silicon surface hydroxyl groups with fluoride ions.
It results a reduction in the number of negative surface silicon sites and a decrease of the amine
adsorption on the quartz. Thus a significant difference in surface hydrophobicity for two minerals is
obtained providing an excellent selectivity of flotation process at pH below 2.5. However, a corrosive
chemical environment and the ecological impacts from the potential fluoride ion contamination are
limiting factors for the use at industrial scale. This paper presents the investigations for the use of
non linear long-chain isoalcools in the mixed cationic/non-ionic system to develop a new HF-free
environment friendly flotation method for feldspar/quartz separation.

Investigations of the amine-feldspar interactions in the absence and presence of non-linear long-
chain alcohols were carried out using infrared spectroscopy in diffuse reflectance mode. A co-ad-
sorption of both long-chain alcohols and amine cations was deduced from the 4-8 cm-1 shifting of
C-H bending. The presence of alcohol molecules led to formation of a closed packed layer only on
the surface of feldspars due to specific adsorption on aluminol sites. The highest order and packing
at the feldspar surface were observed with a particular alkyl chain structure as Guerbert alcohols.
A new flotation process was developed and tested at both lab and pilot scales on different feldspar
ores. This method is able to provide a satisfactory feldspar recovery, with high selectivity when used
in particular conditions. New HF-free process is strongly dependent on the pH range and sulphuric
acid consumption during conditioning steps, as well as the ratio of main collector and non-ionic ad-
ditive.
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Accelerated carbonation begins to be used for the treatment of wastes and contaminated soils and
for the sequestration of CO,. This kind of mineral sequestration of CO, is adapted to modern carbon
management, which main ideas are the capture and sequestration of CO,, the increase of efficiency
of energy conversion and the use of low carbon or carbon free energy sources. Thus, carbonation
of the residues of the ammonia-soda process, which makes them passive and avoids further phase
transformation, is a modern and promising way of dealing with such hazardous for environment
materials, mainly through chloride leaching.

This work deals with the carbonation of residual brines produced during the manufacture of soda
ash to avoid the unsuitable phase transformation during the land storage. The study resulted in a
demonstration pilot, which showed the feasibility of such an approach and the possibility of his ex-
tension to an industrial scale.

The phases presents in the residual brines sensitive to carbonation are identified and an magnitude
order of carbonation of them is obtained by coupling infrared spectroscopy and X-ray diffraction
methods, Raman spectroscopy and transmission electron microscopy. Thus, the first phase which di-
sappears is CaOHCI, followed by the disappearance of Ca(OH), at pH around 10, then calcium silicate
hydrate (C-S-H) disappear for pH around 8.5 and finally Mg(OH), at pH around 7.5.

It must be noted that carbonation is not only interesting because of the precipitation of new mineral
phases (calcium carbonate essentially) from different mineral. Indeed it also deeply modifies the
global equilibrium of the system, leading to the decrease of mobility of elements such as aluminium,
which is responsible of the appearance of unsuitable phases during land-storage.

Due to very high reactivity of the precipitated minerals, new carbonate phases are studied for the
neutralization of combustion gases containing SO,. Very fine carbonate particles are first precipitated
in brines by CO, bubbling in a carbonation column. Then calcium carbonates react with SO, to pro-
duce calcium sulfates. To understand the behavior of carbonates during desulphurisation, a chemical
reaction model was considered to optimize the experimental parameters. Results were discussed
taking into account the hypothesis that the reactivity is related to carbonate surface hydration.
Another way of valorisation of this material was studied and proposed to manage the time of curing
and the mechanical properties of cement concrete used in the aggressive environment such as acid
solutions or see water.

Carbonation of the residual brines allows to obtain a neutral pH which considerably reduce the land
storage impact on environment and shorten by around 10 % the global CO, emission of the ammo-
nia-soda process.
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Nitrate easily moves through the soil profile and eventually enters the groundwater as a common
contaminant. Recently the possibility of using layered double hydroxides (LDHs) to improve nitrate
retention capacity (NRC) of soils has been proposed [2]. For successful application of LDHs to remove
nitrate, these compounds should have high selectivity for nitrate adsorption in the presence of other
anions, particularly phosphate, in complex solutions such as soil solution. In the present study Mg-
Al LDHs with M?*/M3* ratios of 3:1 and 4:1 were synthesized by the coprecipitation method [1]. The
synthesized LDHs were characterized by XRD, TGA and SEM techniques. The LDHs were compared
in terms of ion adsorption isotherm and selectively in the presence of common anions in the soil
solution. Results showed that the M*/M?** ratio had a significant effect on structural and adsorption
characteristics of Mg-Al-LDHs. The anion exchange capacity of Mg-Al-LDH (3:1) and Mg-Al-LDH (4:1)
were determined as 192.7 and 160.6 cmol kg™, respectively. Nevertheless, Mg-Al-LDH (4:1) showed
higher BET specific surface area (64.42 m2g*) compared to Mg-Al-LDH (3:1) (21.03 m?g?). The per-
centage of phosphate adsorbed from the solution contains 1 mM nitrate, phosphate, sulfate and bi-
carbonate decreased with decreasing M**/M?3* ratio. However, the reverse was true for nitrate (Figl,
left). The experimental data for phosphate adsorption by Mg-AI-LDH (3:1) and Mg-AI-LDH (4:1) fitted
well into Freundlich and Langmuir isotherms, respectively. For nitrate a good agreement between
the experimental data and Langmuir isotherm was observed. The highest adsorption capacity from
Langmuir isotherm was obtained for Mg- Al-LDH (4:1) probably due to the nitrate ion-sieve property
of these LDH. The Mg-Al- LDH (3:1) showed a higher distribution coefficient for phosphate com-
pared to nitrare in all equilibrium concentrations. However, the Mg-Al-LDH (4:1) showed a higher
distribution coefficient for phosphate at lower equilibrium concentrations and for nitrate at higher
equilibrium concentrations (Fig 1, right).
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Fig 1: Percentages of nitrate and phosphate adsorbed by the LDHs (left). Nitrate and phosphate adsorption as a function
of equilibrium concentration (right)

[1] J. He, M. Wei, B. Li, Y. Kang, D.G. Evans, X, Duan Structure and Bonding 2006, 119, 89

[2] L.O. Torres-Dorante, J. Lammel, H. Kuhlmann, T. Witzke, H.W. Olfs J. Soil. Sci. Plant Nutr
2008, 171, 777.
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Our everyday life is a source of pollution through domestic wastewater. Many of increasingly used
pharmaceuticals products or complex chemicals, which offer household facilities (detergents, cor-
poral care, food additives, anti adhesive treatments...), are already thought to be a possible threat to
environmental health and safety. It appears necessary to assess the impact of these micropollutants
on activated sludge and to assess their concentration in wastewater treatment systems in order to
derive safe conclusions about their fate and their possible threat level.

The aim of this study was to evaluate the impact of eight molecules: erythromycin, ofloxacin, ibu-
profen, triclosan, 4-nonylphenol, sucralose, perfluorooctane acid (PFOA), and perfluorooctane sul-
fonate (PFOS). First the growth-based toxicity tests were performed with Escherichia coli MG1655.
Then the impact of above mentioned molecules on municipal activated sludge was studied in batch
reactors, where each micropollutant was added to 3 L of mixed liquor (wastewater and sludge) at
three levels of concentration. Different parameters were followed during 24h:

- The biomass capacity to degrade or adsorb micropollutants was performed using a solid phase ex-
traction method followed by liquid chromatography tandem mass spectroscopy analysis of the liquid
(water) and solid (sludge) phases.

- The production of extracellular polymeric substances (EPS) as indicator of bacteria sensitivity to
toxic stress was estimated by high-pressure size-exclusion liquid chromatography.

- The biomass capacity to degrade organic matter COD (chemical oxygen demand) and the ammo-
nium concentration were measured by spectro-photocolorimetric methods.

It was found that some molecules (ibuprofen, erythromycin, ofloxacin, 4-nonylphenol and triclosan)
were removed from wastewater from 60 % to more than 90 % and for all studied concentration
levels while sucralose, PFOA and PFOS were not at all removed from wastewater. Some molecules
(erythromycin, ofloxacin, triclosan, 4-nonylphenol) induced an increase of bound EPS in flocs, this
was attributed to a protection mechanism of the bacteria.
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After Decher demonstrated the feasibility of the deposition of polyelectrolyte multilayer films (PEMs)
by consecutively alternating electrostatic layer-by-layer adsorption of charged polyelectrolytes [1],
the LbL technique became a more and more employed method thanks to its simplicity, versatility
and efficiency.

The preparation of new membranes with good separation capability is still a major research goal in
membrane science. A promising way to combine good separation and high flux is based on the use of
composite membranes consisting of a porous support and an ultrathin separation film. The functio-
nalization of an organic polyethersulfone membrane (PES) was performed by alternating deposition
of poly(allylamine hydrochloride) (PAH) and poly(sodium 4-styrene sulfonate) (PSS), leading to the
formation of a polyelectrolyte multilayer film (PEM). The resulting assembly was characterized by
tangential streaming potential measurements to determine the charge of the modified membranes
and by Infra-Red spectroscopy [2,3]. Then,
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[1] G. Decher, J. Schmitt Prog. Colloid Polym. Sci. 1992, 89, 160.

[2] A.N. Dirieh Egueh, B. Lakard, P. Fievet, S. Lakard, C. Buron Journal of Colloid and Interface Science
2010, 344 221.

[3] C. Magnenet, S. Lakard, C. Buron, B. Lakard, Journal of Colloid and Interface Science under
press.
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For successful carrying out in-situ leaching (ISL) of uranium it is necessary to define a structure and
phase condition and character of permeability of the ore-bearing strata. The last in turn define the
mechanism of penetration of the lixiviant in the strata, mechanism of metal leaching and creations
of oxidation-reduction geochemical barriers. The simple way of the formation of an underground
stream is provided due to the pressure difference between pumping and pumping-out wells be-
cause of the loosening and washing out of the ore-bearing particles by special chemical reagents.
The difference of the strata pressure increases with the distance between wells and decreases with
increasing of permeability of an ore body and dissolving ability of the lixiviant. The factors defining
the leaching time of uranium are: a) the distance between wells; b) permeability of an ore-bearing
layer; c) the dissolving ability of the leaching reagents.

Because of carbonate strata the process of leaching of uranium in a such condition accompanied by
gypsum formation due to interaction of sulphuric acid both with limy and dolomitic breeds. Hence
it is necessary to create the conditions at which there would be dissolution of gypsum crusts on
the surface ore-bearing particles. It can be reached by increasing of loosening degree of the firm
deposits due to the infusion in their structure of a dispersing agents which give to them aggregative
stability, but are not capable to dissolve completely. The transfer of deposit in a suspension can be
reached by surfactant molecules. The stabilization factor of similar deposits is defined by a charge
of the surfactants (negatively charged sulfonol (S) was used). Thus hydrophobic tail of the surfac-
tant molecules is adsorbed on the surface of electroneutral particles of gypsum and polar groups of
already adsorbed molecules of surfactant causing the hydrophilizations of the surfaces and forms
a double electric layer that provides additional penetration of the leaching fluid and causes effect

disjoining pressure.
Scheme of loosening of the n onanns + @ —_— ;}{; l;ﬁfvv,:k:
firm particles ; E i

For fuller dissolution of the gypsum

deposits and move of the stream of lixiviant a sulfaminic acid (SAA) was used. The SAA is capable to
easily interact with the charged particles and ions and to protect them from loss of aggregate stabi-
lity due to the electrostatic factor of stabilization. The SAA can similarly stabilize hydroxides, sulfates
and uranyl carbonates in its various forms and oxidation degrees. For example

Me(OH), RH,50, —» MC(S”.;%T;);; +3H,0  where Me~Fe™, Al

Additionally the cavitational treatment of the leaching liquid promotes its activation, changes its
physical and chemical properties, intensifies the leaching processes. For strengthening of cavitatio-
nal action on the lixiviant the complex of multiple-factor influence on the processed leaching liquid
is necessary.
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Our study is concerned by the Boumerdes wastewater treatment plant with a goal of reducing ener-
gy consumption and carbon emissions throughout the chain of treatment and also at the level of the
administration and laboratory buildings and outdoor lighting.

Part of the work is also to determine the carbon footprint generated by the station.

Inventory of electric equipment and calculations were done to evaluate energy consumption and
cost.

Solutions using renewable energy are proposed in order to cover part of the needs of the wastewa-
ter treatment plant and to protect the environment. It consists mainly in the mud treatment to
produce biogas by digestion. On a second hand, it is possible to use solar energy to replace electric
power especially for lighting.
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lonic liquids are solvent constituted by ions, most often by an association between asymmetric orga-
nic cation and an anion, which have a melting point below 100 °C. The discovery of water immiscible
ionic liquids naturally suggested their use for biphasic metal extraction in order to replace more toxic
organic solvents [1-3].

Our work aims to design cationic organic chelating synthons derived from vegetal or animal renewa-
ble resources (betaine, glycine or alanine), which can generate original task specific ionic liquids by
association with an inorganic anion. These ionic liquids (ILs) are used in order to develop process for
pollution remediation.

The application proposed, in this work, concern the use of ionic liquids for the recovery of heavy
metals from industrial effluents by liquid-liquid extraction. One of the sought properties will be to
obtain water immiscible IL, liquid at room temperature.

The cationic synthons, obtained in the form of bromide salts (Scheme 1), can generate ionic liquids
by metathesis reactions in the presence of the desired anionic salt [BF,, PF_, NO,, (NC),N" (Dca),
ClO, and (CF,SO,)2N" (NTf2)].

1 n? 1
RI o H AN .
: |_\'/l\ ANONS, | s Scheme 1: Synthetic route of
R'—N * o AN Nco.cH ’
- / . AcO Et - LlaLoHg H H H H
o Br CO,CHs sl B the ionic liquids (LIs)
|~ A~ ; RIS 2 _ ~ . T
R’ = CpHs, CaHy, CyHg or pymolidine  R® =H ouCHy A series of ionic liquids (ILs)
Anions = BF ", PFg’, CIO,", NOg', (NC)oN", (CF3SOp)oN" are isolated and characterized

by various physicochemical
methods (elemental analysis, *H and **C NMR, IR, DSC, viscosity, Karl Fischer titration, crystal XRD).
The extraction of the different metal cations (Cu?*, Ni?* and Pb?*) in aqueous solution by ionic liquids
synthesized was performed. The extraction yields, determined by the measurements of the residual
metal concentration in aqueous solution, depend not only the length of the alkyl chain of the ammo-
nium but also on the nature of the associated anion. The most promising results are obtained with
ILs whose anion has a chelating ability. The mechanism of metal transfer has been studied and was
related to the hydrophobicity of the cationic synthon. Increasing the hydrophobicity of the cationic
synthon leads to an increase of extraction yield, thus limiting the ion exchange (either an ion of
opposite charge from the aqueous phase or an ion of the same charge from the ionic liquid moving
into the aqueous phase) and promoting ion pairing extraction [4, 5]. The plating will be considered
for metal recovery of the ionic liquid phase.

[1] H. Zhao, S. Xia and P.Ma, J. Chem. Technol. Biotechnol., 2005, 80, 1089. [2] M. L. Dietz and D. C. Stepinski, Green
Chem., 2005, 7, 747. [3] M. P. Jensen, J. A. Dzielawa, P. Rickert and M. L. Dietz, J. Am. Chem. Soc., 2002, 124, 10664.
[4] P. Nockemann, B. Thijs, S. Pittois, J. Thoen, C. Glorieux, K. Van Hecke, L.Van, L. Meervelt, B.Kirchner andK. Binnemans,

J. Phys. Chem. B, 2006, 110, 20978. [5] M. L. Dietz, lon Exch. Solv. Extr., 2010, 19, 617.
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RELATION BETWEEN HYDROUS STRAIN AND THE CATIONIC EXCHANGE PROCESS IN THE CASE OF
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This work aims at examining, by quantitative XRD analysis, the effect of an applied hydrous strain in
the cationic exchange process of a dioctahedral smectite. The hydrous constraint was created by a
continuous, in situ, hydration-dehydration cycles using variation of %RH rate. Respectively, The star-
ting, the intermediate and the final stressed samples was deposed in contact with saturated Cd(ll),
Co(ll), Zn(Il) and Ni(ll) chloride solutions respectively in order to examine the effect of the retained
materials stress on the CEC (i.e. Cationic Exchange Capacity) of the host materials. An XRD profile
modelling approach is adopted to describe all structural changes created by the environmental evo-
lution of the %RH rate. This investigation allowed us to determine several structural parameters
related to the nature, abundance, size, position and organization of exchangeable cation and water
molecule in the interlamellar space along the c* axis.

Qualitative results show a considerable change in the hydration behaviour, versus the number of hy-
dration —dehydration cycle, from homogeneous “2W” to heterogeneous “1W- 2W” hydration state
indicating an interstratified hydration phase and due probably to a new organization of the inter-
lamellar space content. Quantitatively, the theoretical Mixed Layer Structure suggests the coexis-
tence of more one “crystallite” specie which are saturated by more than one exchangeable cations
indicating a partial saturation of all exchangeable sites. Using optimum structural parameter values,
deduced from XRD modelling profile approach, some equations which described the evolution of
exchangeable cation amount versus the applied hydrous strain were derived.
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DEGRADATION OF INDIGO CARMINE SOLUTIONS BY THIN FILMS
OF BIRNESSITE ELECTRODEPOSITED.
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Many industries generate a considerable amount of colored wastewater causing damage to the eco-
logical system because most dyes are stable to light and are not biodegradable. In order to remove
dyes, different methods were developed with success, but generally with high costs or high energe-
tic needs.

In this context, we have shown recently the successful possibility to use thin layers of birnessite
(Mn_O_,, 5H,0) electrodeposited onto SnO,, a cheap transparent semiconductor, for discoloring so-
lutions containing dyes like methylene blue as a very interesting solution for environmental applica-
tions [1].

These very good results encouraged us further to investigate the possibility to use these thin films
for the degradation of another dye: Indigo Carmine (IC). This anionic dye belongs to a highly toxic
class of dyes (indigoid). The spontaneous reactivity of birnessite thin layers was very effective for
the degradation and mineralization of this dye, with a possibility to reuse these samples, without
energy supply [2]. The birnessite thin film electrodeposited is a very interesting material for the
development of a simple and ecologically method applied to the treatment of waste water loaded
with dyes.
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[1] M.Zaied, S.Peulon, N. Bellakhal, B.Desmazieres, A. Chaussé, Applied Catalysis B: Environmental,
2011, 101, 441.

[2] M.Zaied, E. Chutet, S. Peulon., N. Bellakhal, B. Desmaziéres, M. Dachraoui, A. Chaussé, Applied
Catalysis B: Environmental, 2011, 107, 42.
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We prepared anionic multi-stimuli responsive core-shell polymer nanoparticles with very low size
dispersity. By using either acrylic acid (AA) or methacrylic acid (MA) as a comonomer in the poly(N-
isopropyl acrylamide) (PNIPAM) shell, we are able to change the distribution of negative charges in
the nanoparticle shell [1].

The particles have a glassy poly(methyl methacrylate) (PMMA) core of ca. 40 nm radius and a cross-
linked PNIPAM anionic shell with either AA or MA comonomers. The particles, p(N-AA) and p(MA-N)
respectively, have the same total charge but different charge distributions. While the p(MA-N) par-
ticles have the negative charges preferentially distributed towards the inner shell, in the case of the
p(N-AA) particles the charge extends more to the particle outer shell.

The volume phase transition temperature (TVPT) of the particles is affected by the charge distri-
bution and can be fine-tuned by controlling the electrostatic repulsion on the particle shell (using
pH and ionic strength). By suppressing the particle charge we can also induce temperature-driven
particle aggregation.

The particle size, volume phase transition temperature and aggregation state can be modulated
using temperature, pH or ionic strength, providing a very versatile platform for applications in sen-
sors, medical diagnostics and environmental remediation.

[1] J. P. Pinheiro, L. Moura, R. Fokkink, J. P. S. Farinha, Langmuir, 2012, accepted for publication
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EFFECT OF CHLORIDE SALTS ON THE MEAN BUBBLE DIAMETER IN A FLOTATION COLUMN
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Flotation using sea water or industrial residual brines is a great upcoming challenge for mineral pro-
cessing. Changes of physico-chemical conditions induced by the use of such liquid phases should be
investigated. This study tries to understand the role of cations of chloride salts on flotation characte-
ristics such as the mean bubble diameter and the bubble diameter distribution.

Solutions of chloride salts (NaCl, MgCl, and CaCl,) dissolved in fresh running water are used as fee-
ding of a three-meter high flotation column. The column operates in closed circuit with different
liquid rates and different gas rates. The range of superficial liquid rate, JL, goes from 0.19 to 1.70
cm.s™. The range of superficial gas rates, JG, goes from 0.19 to 1.69 cm.s™. Gas hold-up is measured
in the collection zone of the flotation column thanks to the pressure method. Drift flux analysis is
used to obtain the mean bubble diameter between the two pressure points Dobby et al. [1].
Experiments show that presence of dissolved NaCl in the water effectively inhibits bubble coales-
cence, Craig et al. [2], allowing to obtain fine bubbles with a low bubble diameter dispersion. On the
other hand, presence of dissolved CaCl, in the water results in a large dispersion of bubble diameter,
with a slightly higher mean bubble diameter. Mg** seems to have a behaviour halfway between Na*
and Ca®, when using lower concentrations. When monovalent cations (Na*) are added to a solution
of bivalent cations (Ca**), mean bubble diameter increases for low gas rates and decreases for high
gas rates.

Thus, cations of the chloride salts clearly have not the same impact on the inhibition of bubble
coalescence and on the bubble diameter distribution. The characterization of the liquid phase used
for flotation separation should not only focus on the concentrations of salts, that to say the ionic
strength, but also on the specificion effect of its cations.

[1] G.S. Dobby, J.B. Yianatos, J.A. Finch, Canad. Metal. Quart. 1988, 27 (2), 85
[2] V.S.J. Craig, B.W. Ninham, R.M. Pashley, J. Phys. Chem. 1993, 97, 10192
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Heavy metals and radionuclides are highly toxic environmental pollutants and, as such, should be
completely removed from aqueous streams. Efficiency of remediation technologies based on sorp-
tion phenomena at the solid-liquid interface has been proven and a variety of sorbents have been
tested in such applications. Motivated by overall cost reduction, the use of low-cost natural materials
or waste products from certain industries frequently leads to serious difficulties in controlling the
treatment process because of a considerable heterogeneity of the solid surface. There arises ques-
tion as to whether inorganic materials, possessing regular porosity and good radiation and thermal
stability, can be also efficient in removal of heavy metals and radionuclides from aqueous streams
under conditions of competition among various ionic species.

The intention of the present work was to study the strontium-selectivity of a commercial 4A zeo-
lite (Somez, France) in multi-component aqueous phase. Liquid chromatography was exploited to
measure the individual and composite sorption isotherms of Sr** from nitrate aqueous solutions
containing other ionic species (e.g., Cs*, Ca**, Ba**, Cd** and Mn?*). The composition of the mobile
phase was carefully optimised to avoid the peak overlapping effects when analysing multi-compo-
nent supernatants. Speciation of the Me/OH/NO, systems was simulated with the aid of JCHESS®
software to account for the metal hydrolysis in the agueous phase. Isothermal titration calorimetry
was the basis of the systematic study of interactions involved in the sorption phenomena. Different
exothermic and endothermic regimes were observed on the plot of the enthalpy of displacement vs.
amount adsorbed, indicating the changes in the various enthalpy contributions related to adsorp-
tion, desorption, dehydration and rehydration steps. This behaviour illustrates well the complexity
of the overall displacement process.
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During the incubation process of soil + organic wastes changes in soil solution composition occur,
with possible implications on retention or availability of nutrients or other compounds. Among them,
low molecular weight organic acids (LMWOA) are recognized to be of major importance in a number
of soil and plant processes, being the ones most commonly identified oxalate, citrate, acetate and
formate [1]. In addition, inorganic composition of soil solution may also evolve with waste addition.
Therefore, we evaluated the changes in soil solution composition of a mine soil added with organic
wastes.

The soil, collected in a mine tailing (Nerva district, SW Spain) is coarse-textured, extremely acid (pH
2.4), has low organic carbon content (1.4%), low cation exhange capacity and unbalanced essential
nutrient content. Soil was limed to rise pH to physiological values, and then added (5 and 10% w:w)
with organic wastes: sewage sludge composted with pruned olive wastes (CLV) and air-dried stabi-
lized sewage sludge (SSL). The soil was incubated at 40% field capacity for 2 months. Soluble ions
were extracted by shaking soil, for 1 min, with ultrapure water (1:10 ratio), then centrifuged, filtered
and analysed by ion chromatography. Organic and inorganic ions (HCOO~ CH,COO;, C,0,*, C.H,0,%,
Cl, NO,, NO,, PO,*, SO,*, Na*, NH *, K*, Ca*, Mg*, Sr**, Ba**) were periodically determined during
the incubation process.

Native soil solution composition was dominated by SO,*, NO,, Ca*, K*, Mg* and NH,*. With in-
creasing pH, SO,* concentration was strongly increased (up to 3- fold). An impact of amendment
application on soil solution composition could be identified for NO,;, K*, CI"and NH,*. Addition of CLV,
but not of SSL, caused an increase in NO, (> 20-fold), while the addition of SSL but not of CLV enhan-
ced NH,* (> 300-fold). Concentrations of Cl and K* increased with both amendments, more for SSL
than for CLV. In general, the amount of LMWOAs tended to increase with the dose of organic waste,
with higher levels of formate and acetate than oxalate and phthalate. Incubation time did not affect
the LMWOA content in soil solution. Organic acids, which due to their lability could be utilized by
most soil microorganisms, represent only between 0.1 and 1.1% of the total soil solution.

Thanks to Proyecto de Excelencia, Junta de Andalucia (P10-RNM5814). JAR-L thanks CSIC for a JAE-
Pre grant, cofinanced by ESF.

[1] D.L. Jones, P.G. Dennis, A.G. Owen, P.A.W. van Hees Plant Soil 2003, 248, 31
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Today, the world faces an urgent task to protect and manage water resources. The role of surfactants
as a factor of surface- and ground-water pollution is comparable to that of oil pollution in world
oceans. Therefore, the most acute problem is the quality of fresh water [1].

The method of purification of wastewater from different types of surfactants selected was the ad-
sorption at the surfactant solution—air and surfactant solution adsorbent interfaces. This method is
the basis of adsorption technologies for the extraction of surfactants from aqueous solutions and
wastewater treatment.

In this study, the adsorption of synthetic surfactants from aqueous solutions, namely, sodium dode-
cylsulfate, cetyltrimethylammonium bromide (_TAB), and Triton X-100 was investigated. The adsor-
bents used were natural microheterogeneous materials with a potential for use in water treatment
systems. In particular, nonactivated shungite of the third type, mechanically activated charcoal, me-
chanically activated shungite of the first and third types, and mechanochemically activated shungite
of the third type were tested, and, for every surfactant, the most effective

adsorbents were chosen.

Since the desorption of surfactant may be a problem for purification of water from CTAB when shun-
gite of the third type is used we also discuss the formation of hydrocarbon aggregates chemically
bonded to mineral surface oxides. Traditional adsorption isotherms combined with thermodyna-
mic analysis of the standard Gibbs energy changes of adsorption and accompanying micellization of
surfactants in water can be applied to describe the regularities of water treatment and the rational
selection of adsorbents based on the interface phenomena.

[1] AV. Sineva, A.M. Parfenova, A.A. Fedorova Colloids and Surfaces A 2007, 306, 68—74.
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Agricultural production when you see its system of storage, distribution and logistic as a whole but
the final price represent much of infrastructure,distribution and logistic in Brasil.
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The goal of this paper was to apply statistical techniques in determining the minimum number of
soil samples to be collected in a fertilized area with sewage sludge which, after analyses, represent,
with high confidence, the chemical composition of the analyzed soil. To this end parcels of 486 m?
were used, consisting of 9 lines set out in a 3 meter interval and in each line 9 Mata Atlédntica plants,
alternating with a mix of pioneering, secondary and climax plants were planted at a 2 meter interval,
totaling 81 plants. These plants were fertilized with sewage sludge in the following doses: 2,5; 5,0;
10,0; 15,0 and 20,0 t ha™. For every dose of sewage sludge, 5, 10, 15, 20, and 25 simple soil samples
were collected, thus composing the samples that were sent out for laboratory analysis. The experi-
mental design followed the random block method with four repetitions, in an outline of subdivided
parcels, where the parcels were made of doses of sewage sludge and the sub parcels of number of
samples collected. The measured values of Ca, Mg, P and K obtained from the analyzed soil were
varying, confirming to the doses of sewage sludge applied, but the number of samples were not
influenced by agricultural practice, leaving the spatial variability for each type of variable. Based
upon obtained results it can be concluded that, in order to determine pH, H* + Al** and M.O. of the
variables, after applying 20 t ha’, it is necessary to collect, at least, 5 simple samples as a base for
a reliable composed sample. To determine the values of K, Ca and Mg, with high confidence, 20 or
more simple samples were needed to make such a composed sample.

[1] ZHANG, H. Spatial variability and soil sampling in a grazed pasture. Communications in Soil Scien-
ce and Plant Analysis, 2008.

[2] ZHANG, H.; JONHSON, G. How to get a good soil sample. OSU Extension Facts. Oklahom State
University, p. 1-2. 2000.
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Chlordecone (CHLD) is an organochlorine insecticide, used in order to control a wide range of pests
in tropical countries. This acutely toxic molecule still persists in the soil and contaminates crops,
water resources and ecosystems. All soils are not equivalent in terms of CHLD contamination and in
their ability to transfer the pollutant to water and to plants. Andosols are generally more polluted
than the other kinds of tropical soils but preliminary results suggest that andosols release less CHLD
to percolating water and crops than usual soils. Andosols contain amorphous clays (allophane) which
present unique structures and physical properties compared to usual clays. Allophanes are amor-
phous alumino silicate, the unit cell appears as hollow spheroids with diameter between 3 and 5 nm.
These alumino silicates have a high pore volume (~ 70%) and develop a specific surface area as high
as 700 m?.g. On a structural point of view, scattering data demonstrate that allophane aggregates
have fractal geometry and the structure of allophane aggregates can be described by clustercluster
aggregation. In conclusion, allophane aggregates have physical features very close to that of synthe-
tic gels: large pore volume and water content, a broad pore size distribution, a high specific surface
area and a fractal structure.

Our study hypothesizes that allophane microstructure favor pollutants accumulation in soils. The
purpose of this study is to put forth the importance of the fractal microstructure, the associated
tortuous interface and large specific surface area for pollutant trapping in soil. We characterize the
fractal structure of the allophane aggregates at the nano scale by small angle x-rays scattering and
electronic microscopy. We calculate that the main part of the pore volume and porous surface in
these clays is due to the allophane fractal structure. We propose that the large porous surface and
the low transport properties in allophane aggregate could explain the lesser CHLD release in envi-
ronment. The fractal and tortuous microstructure of the allophane aggregates plays the role of a
labyrinth which fix and traps the pollutant.
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The calcined diatomite was previously supposed to be structure-destroyed or at least surface-recons-
tructed so that unsuitable for surface silylation for the purpose of adsorption. In the present work,
various chemical, spectroscopic (Fourier transform infrared spectroscopy, thermogravimetry, and
X-ray photoelectron spectroscopy) and microscopic (scanning electron microscopy and transmission
electron microscopy) characterization techniques were combined to study the key mechanism about
how the evolution of the hydration state of diatomite under heating influences the organosilane
functionalization process. y-aminopropyltriethoxysilane (APTES, H,NCH,CH,CH,Si,(OCH,CH,),) was
used for the silylation of diatomite. This study indicates surface silylation of diatomite is achievable
even for diatomite calcined at high temperature, and the interface interactions between the hy-
droxyl species of diatomite and APTES are strongly affected by heating pretreatment. Physically ad-
sorbed water was largely preserved in diatomite at a low heating temperature, leading to the strong
hydrolysis of APTES and the subsequent oligomerization

between the hydrolyzed APTES. Under heating at high-temperature (800 °C), the isolated silanols
initially covered by water molecules were exposed and available for the direct grafting of APTES, for-
ming a grafting-dominant structure with high thermal stability (540 °C). The Cu(ll) adsorption (18.5
mg/g) on the APTES-modified diatomite are at least 13 times greater than that on the unmodified
one because of the high affinity of the amino groups for Cu ions. The grafting-dominant modified
diatomite has dramatically higher efficiency for Cu(ll) adsorption than the oligomerization-dominant
one. These fundamental results demonstrate that the commercially calcined diatomite product is
capable of being used for silylation. For the metal adsorption purpose, the heating temperature of a
given diatomite must be carefully selected to generate a grafting-dominant silylation.

Thisworkisfinancially supported by National Natural Science Foundation of China (Grant N°40872042)
and Natural Science Foundation (Grant N° 8151064004000007) of Guangdong Province.
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HUMIC ACIDS: DISSOLUTION AND ADSORPTION KINETICS

Koopal Luuk K.*

Laboratory of Physical Chemistry and Colloid Science, Wageningen University, Wageningen,
The Netherlands.

luuk.koopal@wur.nl

Humic Acids (HAs) are important aquatic and soil biomaterials. HA nano-particles are structured
by physical and chemical interactions and contain aromatic and aliphatic structures and a range of
carboxylic and phenolic groups that can dissociate and charge the particles. The charge is governed
by the pH and very important for HA dissolution and HA adsorption on mineral particles. HAs are
soluble in alkaline solutions and aggregate and precipitate in acid solutions whereas their adsorption
to mineral particles is very prominent in mildly acid solutions and small in alkaline solutions. Apart
from the equilibrium state the kinetics of dissolution and adsorption are important. Knowledge of
dissolution and desorption kinetics are relevant for the alkaline extraction of soil HAs, for the fate of
HAs in natural systems and for laboratory studies of HAs.

The dissolution rate of dried HA particles under stirred conditions and 25° C is measured by UV
absorbance [1]. The rate is very slow at pH 4 and may take several years to achieve complete disso-
lution. Increasing the pH increases the rate and at pH 11 complete dissolution is achieved within 30
min.

Short-time adsorption/desorption kinetics of HA on optically smooth oxide surfaces is measured
by stagnation point flow reflectometry at 25° C [2]. Long-time HA adsorption kinetics and equili-
brium adsorption are studied by depletion from solution using iron oxide suspensions [3]. The rate
of adsorption of humic acid on iron oxide and the equilibrium adsorption decrease with increasing
pH. Desorption upon dilution at constant pH is slow and can hardly be achieved. Since there is no
change in pH the interactions in the adsorbed layer remain unchanged and the only driving force for
desorption is the decrease of the humic acid concentration in solution and this effect is insufficient
for desorption. Desorption of HA, adsorbed at low pH, by increasing the pH (either at constant HA
concentration, or without HA in solution) is fast and reversible. The rate increases with increasing
pH, due to increasing electrostatic repulsion.

Long-term kinetic polydisperity effects of adsorption are studied with the depletion method. In time
large HA molecules replace the readily adsorbed, small, HA (or Fulvic Acid; FA) molecules. Preferen-
tial adsorption of large HA molecules over small HA (or FA) molecules leads to a rounded shape of
the adsorption isotherm. The ‘roundness’ of the isotherm increases with decreasing pH. The ad-
sorption/desorption hysteresis upon desorption by dilution is due to adsorption fractionation, not
to irreversible adsorption.

[1] M. Brigante, G. Zaninia, M. Avena, Colloids and Surfaces A: 2009, 347, 180

[2] M. Avena, L.K. Koopal, Environ. Sci. Technol. 1998, 32, 2572
[3] A. W. P. Vermeer, L. K. Koopal, Langmuir 1998, 14, 4210
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ADSORPTION OF METHYLENE BLUE BY HUMIC ACID-COATED FE.O, NANOPARTICLES

Zhang X.!, Zhang P.**, Wu Z.2, Zeng G.**,Zhou C.2

! College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China.
2 Key Laboratory of Environmental Biology and Pollution Control (Ministry of Education), Hunan University,
Changsha 410082, China.
3College of Science, Hunan Agricultural University, Changsha 410128, China.

Correponding author

A novel low-cost and facile synthesis of magnetic nano-sorbent was developed with co-precipita-
tion of humic acids and Fe,O, nanoparticles (HA-Fe_ O,)[1]. TEM analysis showed roughly spherical
shapes of HA-Fe, O, core with an average diameter of about 15 nm. TGA characterization (Figure 1a)
showed the HA-Fe,O, nanoparticles contained about 50% (w/w) HA. FIRT spectra (Figure 1b) showed
characteristic absorption of HA at 1604 cm™ and 1701 cm™, which was attributed to C=0 bond stret-
ching vibration in carboxylic salt and free carboxylic acid respectively. The HA-Fe O, exhibited typical
superparamagnetic characteristics with a saturation magnetization of 77emu/g, which make solid-
liquid separation easily by an external magnet[2].

The HA-Fe_ O, nanoparticles were applied for Methylene blue (MB) adsorption. Results showed that
the HA-Fe O, nanoparticles had much higher adsorption capacity than bare Fe,O, and HA powders.
The structure of the HA-Fe,O, nanoparticles was stable in a broad pH range of 3-11. The t,, cor-
responding to 50% of adsorbed MB was calculated to be 7 min, and the adsorption kinetics can be
described by pseudo-second-order equation. The sorption isotherms of HA-Fe O, agreed well with
Langmuir sorption model and the maximum adsorption capacity was 0.291 mmol/g. Electrostatic
and complex adsorption may be the main sorption mechanisms for MB adsorption onto HA-Fe O,.
Desorption and recycling of the HA-Fe,O, nanoparticles were also done easily by a mixed solution
with a volume ratio of methanol to acetic acid of 9:1.
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Figure 1 TGA curves (a) and FTIR spectra (b) of the magnetic HA-Fe O, nanoparticles
[1] J. Liu, Z. Zhao, G. Jiang Environ. Sci. Technol. 2008, 42, 6949.

[2] C. T. Yavuz, J. T. Mayo, W. W. Yu, A. Prakash, J. C. Falkner, S. Yean, L. Cong, H. J. Shipley, A.Kan, M. Tomson,
D. Natelson, V. L. Colvin Science 2006, 314, 964.

103



Eﬁ Session C: Interfacial Processes RC2
THE INTERACTION BETWEEN HUMIC ACID AND ALUMINIUM COAGULANTS
AT DIFFERENT PH VALUES

Yu Wen-Zheng ! and Gregory John?*
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2 Department of Civil, Environmental and Geomatic Engineering, University College London, Gower Street, London
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j.gregory@ucl.ac.uk

Humic substances are found in many natural waters and need to be removed during water treat-
ment. One common method is by the use of hydrolysing coagulants, such as Al and Fe(lll) salts.
Pre-hydrolysed coagulants such as polyaluminium chloride (PACI) are also widely used. The mode of
action of these additives depends greatly on pH. At low pH, coagulation occurs because of charge
neutralisation of the humics by cationic hydrolysis products. With increasing pH, hydroxide precipi-
tates are formed, which can adsorb humic substances and hence give efficient removal by physical
separation methods.

In the present work, emphasis is on the removal of humic acid by precipitates formed from two
forms of Al coagulant: aluminium sulphate (“alum”) and a PACI sample prepared by slow neutra-
lisation of an AICI, solution to give a B (OH/AI) value of 2.5. The latter product, designated PACL,
contains more than 90% of the tridecameric form, “Al ,”. These coagulants were used to treat so-
lutions of a commercial humic acid over a range of pH values. The degree of removal of humic acid
was assessed by measuring the decrease in UV absorbance. Residual Al levels were measured by ICP
atomic emission spectroscopy.

At around neutral pH, both coagulants were very effective, but PACI, gave good removal over a
much broader pH range than for alum. In acidic solutions this was ascribed to the higher charge of
Al , species, giving more effective charge neutralisation. The optimum pH for alum was around 6,
corresponding to the minimum Al solubility, where adsorption on the amorphous precipitate would
be most effective. Over the pH range 7 — 9 alum showed a marked loss of effectiveness, which was
closely correlated with an increase of residual Al (i.e. a loss of precipitate). By contrast, PACI_ showed
much less residual Al, even up to pH 11, indicating a significant difference between the precipitates
from the two coagulants. The removal of humic acid was also much better than for alum at high
pH.

It was shown that, for both coagulants, precipitates aged for periods up to 20 minutes were less ef-
fective in removing humic acid than fresh precipitates. Such loss of activity of hydroxide precipitate
surfaces on aging has been observed previously, for instance by the reduction of adsorption capacity
for phosphate [1]. It may be that this effect also plays a part in limiting the re-growth of broken hy-
droxide flocs [2] Also, higher stirring rates gave better removal of humic acid because smaller flocs
were formed with a correspondingly higher effective surface area.

[1] I. de Vicente, P. Huang, F.O. Andersen, H.S. Jensen. Env. Sci. Technol. 2008, 42, 6650.
[2] W.Z. Yu, J. Gregory, L.C. Campos. Water Research, 2011, 45, 6718.
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CHARACTERIZATION OF HUMIC ACID REACTIVITY MODIFICATIONS
DUE TO ADSORPTION ONTO a AL,O,

Benedetti M. F.1*, Janot N.*?, Zheng X.3, Croué J.P.2, Reiller P. E.2
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Research Center, Kingdom of Saudi Arabia.

benedetti@ipgp.fr

Adsorption of purified Aldrich humic acid (PAHA) onto a-Al O, is studied by batch experiments at dif-
ferent pH, ionic strength and coverage ratios R (mg of PAHA by m? of mineral surface). After equilibra-
tion, samples are centrifuged and the concentration of PAHA in the supernatants is measured. The
amount of adsorbed PAHA per m? of mineral surface is decreasing with increasing pH. At constant pH
value, the amount of adsorbed PAHA increases with initial PAHA concentration until a constant pH-
dependant value is reached. UV/Visible specific parameters such as specific absorbance SUVA254,
ratio of absorbance values E2/E3 and width of the electron-transfer absorbance band AET are calcu-
lated for supernatant PAHA fractions of adsorption experiments at pH 6.8, to have an insight on the
evolution of PAHA characteristics with varying coverage ratio. No modification is observed compared
to original compound for R > 20 mgPAHA/g. Below this ratio, aromaticity decreases with initial PAHA
concentration. Size-exclusion chromatography - organic carbon detection measurements on these
supernatants also show a preferential adsorption of more aromatic and higher size fractions.
Spectrophotometric titrations were done to estimate changes of reactivity of supernatants from
adsorption experiments made at pH = 6.8 and different PAHA concentrations. Evolutions of UV/Vi-
sible spectra with varying pH were treated to obtain titration curves that are interpreted within the
NICA-Donnan framework. Protonation parameters of non-sorbed PAHA fractions are compared to
those obtained for the PAHA before contact with the oxide. The amount of low-affinity type of sites
and the value of their median affinity constant decrease after adsorption. From PAHA concentration
in the supernatant and mass balance calculations, “titration curves” are obtained and fitted for the
adsorbed fractions for the first time. These changes in reactivity to our opinion could explain the dif-
ficulty to model the behavior of ternary systems composed of pollutants/HS/mineral since additivity
is noE respected.
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TRANSPORT OF BIOCOLLOIDS IN A SILICON MICROMODEL

Nguyen Thanh H.**, Liu Yuanyuan?, Lu Nanxi, Zhang Changyong?
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Urbana IL 61801
2Fundamental and Computational Sciences Directorate, Pacific Northwest National Laboratory, Richland WA 99354

thn@illinois.edu

Effective removal of biocolloids such as bacteria and oocysts by granular filtration requires the
knowledge of biocolloid transport and deposition mechanisms, which can be obtained based on real
time microscopic observation of transport in porous media. Attachment of Cryptosporidium par-
vum oocysts and Azotobacter vinlandeii strains with and without flagela to silica surface in a radial
stagnation point flow (RSPF) cell and in a micromodel, which has 2-dimensional (2-D) microscopic
pore structures consisting of an array of cylindrical collectors, was studied and compared. Real time
transport of oocysts and bacteria in the micromodel was recorded to determine the attached oocyst
and bacteria distributions in transversal and longitudinal directions. In the micromodel, oocysts and
bacteria attached to the forward portion of clean collectors, where the flow velocity was lowest (see
figure below). After initial attachment, oocysts and bacteria attached onto already attached biocol-
loids (oocysts or bacteria). As a result, the collectors ripened and the region available for flow was
reduced. Results of attachment and detachment experiments suggest that surface charge heteroge-
neity allowed for oocyst attachment.

B)

_—,
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We further fabricated micromodel with iron-oxide coated collectors to prove that surface charge
heterogeneity controls oocyst attachment. Distribution of oocysts on porous media at 100 mM NacCl,
pH 7.0-7.2. On clean collector, oocysts (A) attached to the forward portion of the collector. When the
surface was covered by oocysts, oocysts (B) were able to attach to already attached oocysts. Experi-
mental condition: porous media depth = 21.3 um, flow rate = 0.60 mL/hr.
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DESIGN AND PHYSICOCHEMICAL PROPERIES OF THERMO-RESPONSIVE COPOLYMER FILMS
FOR APPLICATIONS IN MARINE ENVIRONMENTS
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The control of bioadhesion is of crucial importance in various fields such as the design of implant
materials, food processing, or coatings for marine technology and ship hulls. Here we report on the
design, detailed characterization, and surface adhesion tests of a novel thermo-responsive polymer
film with a transition temperature tuned to fit applications related to the control of biofouling in
marine environments. The copolymer consists of poly(N-isopropylacrylamide) (PNIPAAm) and N (1
phenylethyl) acrylamide (PEAAm) and was immobilized as a thin film onto Teflon® AF surfaces using
a low pressure argon plasma treatment. The temperature dependent physicochemical properties of
the thermo-responsive film were thoroughly characterized and the impact of sea water on the film
properties was investigated. It was shown that the immobilized film exhibits a reversible swelling /
deswelling with temperature. Inverse contact angles were measured using captive air bubbles and
analysed by axisymmetric drop shape analysis to study the wettability of the hydrated thin films at
different temperatures. Streaming current measurements performed above and below the transi-
tion temperature of the thermo-responsive hydrogel film (at 22°C and 4°C, respectively) indicated
that the charging of the polymer / aqueous solution interface is mainly determined by the prefe-
rential water ion adsorption at the Teflon® AF surface. The data of the streaming current measure-
ments were further analyzed applying a recently introduced theory for the electrokinetics at diffuse
soft interfaces [1]. The theory successfully reproduces the electrokinetic data for the P(NIPAAm-co-
PEAAmM) copolymer film at 22°C and 4°C over the whole range of pH and ionic strength examined. It
was found that the threefold increase of the hydrogel film thickness with decreasing temperature
from 22°Cto 4°C (i.e. from 23 to 70 nm as measured by ellipsometry) is accompanied by an increase
of the hydrodynamic penetration length (1/Ao)) by a factor of ~1.6. It is demonstrated that this be-
haviour is in line with a homogeneous distribution of the polymer segments and a homogeneous
swelling of the film. Finally we show how the adhesion of the diatom Navicula perminuta is influen-
ced by the film properties at different temperatures.

[1] J. F. L. Duval, R. Zimmermann, A. L. Cordeiro, N. Rein, C. Werner, Langmuir 2009, 25, 10691.
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There is a considerable ongoing effort aimed at understanding the transport and deposition beha-
viour of colloidal particles in granular porous media. As many contaminants occur as colloids or are
associated with colloids, the understanding of the transport and fate of colloidal particles is required
to accurately assess contaminant potential and extent, and then to efficiently protect groundwater
and soils from contamination. Colloid transport in porous media is a complex phenomenon involving
several processes (such as advection, dispersion, Brownian diffusion and release and capture onto
the solid surfaces), which depend on different factors. Many previous studies were focused on the
physico-chemical factors that could influence colloid transport and retention in homogenous porous
medium. However, much less information is available on the colloid transfer processes occurring in
heterogeneous porous media. Moreover, studies are often restricted to saturated systems and the
ability to predict the fate of colloids in the vadoze zone is currently limited by the incomplete unders-
tanding of the deposition mechanisms.

The aim of this study was to investigate the influence of water content and porosity of granular me-
dium (dual versus single porosity) on the transport of hydrophilic latex particles.

Miscible displacement experiments were carried out under saturated and unsaturated flow condi-
tions in laboratory model systems (single-porosity sand and dual-porosity granular medium) under
steady state flow conditions. Solute and colloid transport was simulated considering physical none-
quilibrium for flow along with a first order sink term for colloid retention, implemented in HYDRUS
1D code. Colloidal retention was highly dependent on the soil porosity with a higher retention in
the dual-porosity gravel compared to the singleporosity sand (32 to 92% in mass depending on
the physically porous medium heterogeneity and the degree of water saturation). In comparison to
sand, the intra porosity of gravel particles was responsible for additional trapping of colloids. Yet,
tracer experiments showed that flow was more heterogeneous in the gravel medium. Indeed, colloid
retention was not optimal since the colloids mainly passed through the preferential flow pathways,
avoiding the zones most favorable for trapping (i.e. intra particle porosity). The addition of an intra-
particle porosity made the flow pattern more heterogeneous, the colloid transport more complex,
but the colloid trapping through physical straining more efficient.
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Polymers are widely used as flocculants for suspensions in many industrial applications, such as mi-
neral processing, papermaking, water treatment and biotechnology. In recent years there has been
considerable interest in the use of multi-component flocculants, especially dual-polymer systems. In
the latter case, there can be significant advantages over the use of single polymers.

In order to elucidate the mechanisms of flocculation by polyelectrolyte (PE) mixtures, we have
studied the effect of adsorption of cationic and anionic PEs as well as their binary mixtures on the
electrokinetic potential, kinetics of aggregation, size and strength of flocs formed from polystyrene,
silica, kaolin and bentonite particles as a function of the polymer dose, charge density (CD) of the
polyelectrolyte, mixture composition, sequence of the components addition and intensity of stirring
the system. Flocculation experiments were performed in a flow system using a Photometric Disper-
sion Analyzer PDA-2000. Electrokinetic potential of particles was measured by Brookhaven zeta-sizer
instrument. The adsorbed amount of polymers was determined from the change of the PE concen-
tration prior and after adsorption; the latter was measured using colloidal titration with surfactant.
It is shown that maximal aggregation of suspension particles occurs at polymer content of about
0.5-1.5 mg/g that is approximately an order of magnitude less than the concentration corresponding
to the plateau value of adsorption for cationic polymers and two-three times less than the maximal
adsorption of anionic polymers.

A synergism in flocculation capacity in mixtures of moderate and weakly charged polyelectrolytes
was observed. Mixtures of medium/low charged anionic polyelectrolytes and medium or low char-
ged cationic flocculants gave optimum flocculation at mass ratios, corresponding to many-fold excess
of negative charges over positive ones in the adsorbed layer. Deviation from the optimum composi-
tion gave slower flocculation and significantly smaller floc sizes. An initial intensive short stirring the
suspension accelerates the aggregation process and increases the size of flocs independently of the
sequence of polymers addition. In mixtures of cationic and anionic polyelectrolytes, whatever the
sequence of addition, the particles acquire {-potential that is typical for particles bearing only anio-
nic polyelectrolyte. The laws observed were explained by features of polyelectrolytes conformation
in adsorbed mixed polymer layers.

Examples on the application of dual polymers in purification of municipal wastewaters, recycled and
wastewaters of coal processing, in papermaking and wastewater sludge treatment are given.

The author thanks Dr. R. Meszaros, for performing flocculation experiments and Prof. J. Skvarla for
providing the zeta-sizer instrument and useful discussions.

Also | express my deep gratitude to Prof. David Waite, University of New South West, Sydney, Austra-
lia, for financial support of my participation in the IAP conference.
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Initial stage dynamics of colloidal flocculation induced by cationic polyelectrolyte was studied under
high ionic strength in order to evaluate the possible effective layer thickness of adsorbing polyelec-
trolyte on the colloidal particles. Due to high ionic strength, charges in polyelectrolyte chains are
shielded, so that the chains will take conformation of random coils. The size of polyelectrolyte in the
solution, ap, was evaluated by the viscometry and by dynamic light scattering (DLS). Normalizing
method of end-over-end rotation was adopted to analyze the initial-stage dynamics of flocculation.
Drimethylamino ethylmethacrylates with nominal molecular weights of 4.9 million and 2.0 million
were tested as flocculants. The progress of flocculation was monitored by counting the number
concentration of colloidal particles, N(t)1/cm3. By the excess addition of polyelectrolytes, the rate of
flocculation just alter the start of mixing was remarkably enhanced from that of salt-induced rapid
coagulation. However, the progress of flocculation essentially stopped after short period from the
start of mixing operation, implying saturation of adsorption. It is this short period that the protru-
ding length of polyelectrolyte attached to the surface of colloidal particle, He, was evaluated from
the enhancement of the rate of flocculation. 6He, was confirmed to be several times larger than the
size of polyelectrolyte in bulk solution determined by viscometry and DLS. This result was interpre-
ted that the elongation of polyelectrolyte chain induced by hydrodynamic force in the mixing flow.
This elongation of polyelectrolyte chain issignificant in the flocculation by polyelectrolytes.
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Fig.1 In(N(t)/N(0)) vs. t, for flocculation with polyelectrolyte (Mw=4.9 ¢106 [g/mol]). The number of
steps(t) up to 200 steps. PE3.0 denotes 3.0 ppm polyelectrolyte concentration.

[1]K. Aoki, Y. Adachi, J. Colloid andInterface Sci. 2006,300,69
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FROM SIMPLE TO COMPLEX ORGANICS

Lau B.LT.*?, Ikuma K.}, Bovet N.2, Huang R.! Furman 0.}, Stipp S.L.S.2

! Department of Geology, Baylor University, Waco, Texas, USA
2 NanoGeoScience Group, NanoScience Center, University of Copenhagen, Denmark

boris_lau@baylor.edu

Sorption of nanoparticles (NPs) on different environmental surfaces has important implication on
their fate and transport in aquatic systems. With the use of surfacesensitive/nano-scale tools (e.g.,
quartz crystal microgravimetry, atomic force microscopy, and X-ray photoelectron spectroscopy), we
focused to better understand the adsorption kinetics and the nature of interactions as NPs approach
surfaces coated with selfassembled monolayers (SAMs) and natural organic matter (NOM). While
SAMs provide structurally well-defined functional groups at surfaces for better mechanistic unders-
tanding, NOM-coated substrates reflect the surfaces that the NPs are likely to encounter in relevant
environmental conditions. Regarding lead sulfide NPs (PbNPs), we examined the effects of four SAMs
as substrate surfaces on the adsorption kinetics of 10 nm PbNPs. The highest rate of adsorption was
observed on surfaces modified with a hydrophobic SAM at pH 6 and 10 mM NaCl. PbNPs adsorbed
onto three hydrophilic SAMs (negatively, positively, and neutral-charged) at rates that were 22%,
31%, and 1.4% of the rate observed with hydrophobic SAM, respectively. These results suggest that
various chemical features of the substrate surface including hydrophobicity and charge impact PbNP
adsorption.

Regarding iron oxide NPs (FeNPs), experiments were conducted to study the immobilization of two
different sizes of FeNPs onto substrate modified with two hydrophilic SAMs. It is shown that the
extent and rate of FeNPs adsorption onto substrate surfaces can be modulated electrostatically.
Control over the surface coverage of the adsorbed FeNPs has been demonstrated by pH variation.
Size-dependent adsorption kinetics was observed, with the 79-nm FeNPs adsorbed 2 to 3 times fas-
ter than the 116- nm FeNPs.

Regarding silver NPs (AgNPs), we evaluated the relative impacts of different NOM fractions (humic
acid (HA) and fulvic acid (FA)) on the adsorption kinetics of 50 nm citrate-stabilized AgNPs onto silica
surfaces. At pH 8 and 1 mM Ca(NO,),, the rate and extent of uncoated AgNP adsorption changed due
to substrate modification. After silica substrates were coated with HA and FA, the adsorbed mass of
AgNPs decreased by ~35% and ~60% respectively. There was no observable adsorption when AgNPs
and substrate were both coated with HA. However, FA-coated AgNPs adsorbed significantly onto FA
coated substrate. These results suggested that HA and FA exert different influences on the fate and
transport of AgNPs.

Overall, our findings highlighted the critical role of surface modification in NP substrate interactions.
These findings are important in the future design of NPs to ensure successful applications as well as
the environmental health and safety of NPs.
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Surface chemical and structural properties of biogeochemical interfaces (BGls) determine sorptive
interactions of organic pollutants in soils. Under environmental conditions BGls may be subjected to
moisture fluctuations. Effects of drying on the surface properties and resulting sorptive interactions
are in the centre of our study.

We hypothesise that (i) drying of organo-mineral associations in presence of monovalent cations
induces a collapse of organic macromolecules and thus a more positive zeta potential and that (ii)
polyvalent cations function as “structure stabilisers” thereby reducing the “drying-effect” on the
zeta potential of organo-mineral associations. We expect that (iii) the sorption of polar organic subs-
tances is controlled by the zeta potential of organo-mineral associations according to electrostatic
interactions, while the sorption of nonpolar organic substances decreases with increasing absolute
value of the zeta potential.

To test our hypothesis we measured the zeta potential of polygalacturonate (PGA) coated lepido-
crocite colloids without drying and after air-drying and rewetting. We conducted the experiments in
presence of 10 mmol L* K* (pH 5 and 4) and AP?* (pH 4). Additionally we conducted sorption experi-
ments with *C-labeled MCPA and phenanthrene to the differently treated material.

As expected the zeta potential of mineral-organic associations got more positive upon drying. Howe-
ver, the shift towards more positive zeta potential was similar for K* and Al** saturated samples.

In sorption experiments no clear relation between zeta potential and amount of sorbed MCPA was
found. Yet we observed strong adsorption of MCPA to Al saturated samples, which clearly decreased
upon drying. We propose that this may be due to different sorption mechanisms of MCPA to wet
and re-wetted BGls: In the wet state AI** cations are accessible and MCPA is bound by inner sphere
complexes. After drying the collapsed PGA-network buries Al*® cations and unspecific MCPA sorption
at mineral surfaces may become the predominant process. Recently we are testing this assumption
using thermocalorimetric analyses. The hydrophobic phenanthrene showed significantly higher af-
finity to re-wetted samples than to samples, which had not been dried. Drying of the PGA-network
may increase its hydrophobicity and may thereby increase hydrophobic interactions.

We conclude that restructuring of organic coatings upon drying may decrease the accessibility of io-
nic sorption sites of organo-mineral associations and change the predominant sorption mechanism.
Thus drying of BGls is crucial not only for the sorption capacity but also for the sorption mechanism
of organic pollutants.
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SORPTION OF BORATE ON CALCINED PRODUCTS OF NATURAL DOLOMITE:
EFFECT OF CALCINATION TEMPERATURES
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Boron is a dynamic trace element that can affect the metabolism or utilization of numerous substan-
ces involved in life processes, and also one of the most difficult elements to immobilize in aquatic
environments [1]. Natural dolomite from Ogano (Japan) was modified to provide as a sorbent for
borate. Calcination condition was investigated at 7002C ~9002C under air and Ar atmosphere inclu-
ding 1% H..

Calcite (CaCO,) and magnesian calcite (Ca,Mg)CO, were included as impurities as well as dolomite
(CaMg(CO,),) in the specimen. Increasing with calcination temperature, sequential de-carbonation
was confirmed by XRD, that is, transformation of dolomite into magnesia and calcite at 7002C, trans-
formation of magnesian carbonate into magnesia and calcite at 8002C, and transformation of calcite
into lime at 9002C. Surface molar ratio of Ca/Mg decreased from 1.6 to 0.6 by calcination at more
than 7002C. Sorption isotherm of borate at 252C was compared with calcined products under dif-
ferent conditions. In calcination under air, the greatest sorption density of borate was found with
calcined product at 7002C. BET type of sorption isotherm curve suggests that removal of borate is
expected to occur through destructive sorption of MgO in calcined products. Under reducing condi-
tions the greater sorption density was observed than under the air. Removal mechanism of borate is
principally co-precipitation with Mg(OH), in hydration of MgO. The above result suggests the surface
of magnesia (MgO) was more significantly affected by CO, in a process of de-carbonation at higher
temperature, and that higher crystalinity of MgO is more reactive in hydration.

[1] K. Sasaki, H. Takamori, S. Moriyama, H. Yoshizaka, T. Hirajima
(2011) J. Hazard. Mater., 2011, 185, 1440.
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MODELLING As(V) SORPTION BEHAVIOR ON NATURAL AND PURIFIED ILLITE
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The adsorption behavior of As(V) onto natural and purified illite from the Puy-en-Velay (France) was
investigated as a function of ionic strength, pH, and arsenic initial concentration. Natural and puri-
fied illite surfaces were previously characterized by DRX, FTIR, and by potentiometric titrations. DRX
and FTIR results have demonstrated that the natural illite sample contained a high amount of calcite
impurities that could explain large discrepancy between the experimental results obtained for the
natural and the purified illite sample. Indeed, arsenate sorption onto natural illite increases with al-
kalinity, while sorption onto purified illite exhibits a maximum at acidic pH and then decreases with
increasing pH. Characterization experiments and sorption data illustrate that after treatment (based
on nitric acid washing) the calcite impurities were negligible.

The shell optimization Universal CODE (UCODE) was used in combination with a modified version of
FITEQL2.1 run in simulation mode (i.e. as an application called by UCODE) to fit (i) the potentiometric
titrations to determine the acid-base parameters of illite and (ii) the adsorption data to determine
the adsorption stoechiometries of As(V) on illite and the concomitant stability constant. The Basic
Stern electrostatic model (BSM) and the 2-pK surface complexation model were considered in the
calculations. The best fit between experimental and calculated data was obtained when three mo-
nodentate arsenate species at the edge sites of the purified illite sample were considered. A good
fit was obtained between calculated and experimental data for the natural illite, by adding to the
previous equilibriums competition of dissolved carbonates with As(V) at the edge sites of illite.

The model was able to describe the adsorption behavior of As(V) on both natural and purified illite
by considering one kind of edge site (aluminol sites) and 3 surface complexes, and competitive ad-
sorption of dissolved carbonates on aluminol sites.
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Studying metal ion extraction by silica colloidal particles bearing a covalently bound highly selective
complexing agent is important for at least two reasons:

- From the fundamental point of view, the understanding of the reactivity variation of a given extrac-
tant induced by its grafting onto a solid surface is far from being complete. The metal ion dispersion
in the environment being conditioned by their adsorption behavior on solid the interest of such
studies is obvious.

- From the applied point of view, the development of an alternative efficient extraction process wi-
thout solvent would be particularly interesting for the treatment of industrial waste waters.

In this work, we investigate the reactivity with copper(ll) and nickel(ll) of 5-phenyl-azo-8-hydroxyqui-
noline (5Ph8HQ) grafted on colloidal fumed silicas. The silica considered here have specific surface
area of 200 m2.g* and 390 m?.g 1. The reaction kinetics is studied by means of the stopped flow
technique, one syringe containing a colloidal dispersion of the organomodified silica, the other one a
solution of the metal ion. Since an intimate mixing is ensured in such a device, this experimental stra-
tegy allows to access to true kinetic data without any hydrodynamic contribution. In such conditions
there is no need of empiric model, such as the often used so-called pseudo-second order model.The
experimental curves adopt a very particular shape, due to a particular spectrometric behavior of the
interfacial complex formed. The observed rates constant are compared to those obtained with the
same couple extractant/metal in micellar solution [1].

The thermodynamic extraction data is obtained by using the ultrafiltration technique. The stability of
the grafting and of the colloidal suspension is demonstrated. The ionization of the grafted particles
is taken into account to calculate the stability constant.

Comparing the stability constants obtained here with those given in the literature for the same li-
gand grafted on classical silica [2] shows that the colloidal nature of the solid can greatly influence
the stability of the formed complex.

[1] M. Hebrant, M. Rose-Helene, J.-P. Joly, A. Walcarius Colloids Surf. A 2011, 380(1-3), 261.
[2] R.H. Uibel, J. M. Harris, Anal. Chem. 2002, 74(19), 5112.
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IMPACT OF IONIC STRENGTH AND RESIN THICKNESS ON METAL ACCUMULATION IN DIFFUSIVE
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DGT[1] has emerged as a powerful technique for in situ measurement of metal fluxes. It consists of
a resin immobilised and embedded in a gel (the resin disc) that strongly binds metal ions which have
crossed another hydrogel layer of the same composition (the diffusive gel) on their way from the
sample solution.

Partially labile or inert complexes able to diffuse through the diffusive gel are expected to penetrate
into the resin layer [2,3]. This penetration and the binding of the free metal by the resin in the resin
layer extends the effective reaction layer. Consequently both the metal flux and the lability degree
of the complex are increased compared to the values expected when complexes are unable to pene-
trate into the resin phase. This effect is so important that, at an ionic strength of 100 mM, the main
fraction of the metal accumulated in the resin comes from the complex dissociation inside the resin
disc.

However, at low ionic strength, the penetration of complexes into the resin disc can be influenced
by an electrostatic effect derived from the electrical charges of the resin beads. Negatively char-
ged complexes will experience an electrostatic exclusion leading to a reduction of the accumulated
mass.

The mass of cadmium accumulated at different times by commercially available DGT devices de-
ployed in solutions containing Cd at a concentration close to 0.01 mol m™ and NTA at concentrations
of 0.249 and 1.8 mol m™* was measured. pH was adjusted to 7 or 7.5 and ionic strength to 0.05 M
with NaNO, (Merck, suprapur). In a second series of experiments, the accumulation of Ni, Co and Cd
in the presence of NTA was measured in systems with different concentrations of background elec-
trolyte, NaNO,, covering the range 0.01 mM-100 mM and pH 7.

The analytical prediction of the penetration effect on the metal accumulation matches the results
for the Cd NTA system at different pH and NTA concentrations. At low ionic strength, the metal accu-
mulation is reduced, especially for Ni, whose complex with NTA is least labile. As M-NTA complexes
carry a negative electrical charge, the reduction of the metal accumulation can be explained by a
repulsive effect between the resin and the complex. Analytical expressions derived to take into ac-
count this electrostatic effect allow an accurate fitting of the experimental data. This effect is less
important for Cd-NTA, due to its labile behaviour.

1. Davison, W.; Zhang, H. Nature 1994, 367, 546-548.

2. Mongin, S.; Uribe, R.; Puy, J.; Cecilia, J.; Galceran, J.; Zhang, H.; Davison, W. Environ.Sci.Technol.
2011, 45, 4869-4875.

3. Uribe, R.; Mongin, S.; Puy, J.; Cecilia, J.; Galceran, J.; Zhang, H.; Davison, W. Environ.Sci.Technol.
2011, 45, 5317-5322.
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NICKEL (BIO)AVAILABILITY IN ULTRAMAFIC SYSTEMS FROM GOIAS, BRAZIL: AN OVERLOOK OF
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The overall objective of this work is to understand and quantify the Ni availability and mobility in ul-
tramafic soils and ecosystems located in the Goias State (Brazil) and impacted by the mining activity.
In this work we quantified the Ni availability and established the link between Ni solid speciation
and availability in such a specific (ultramafic) context. Two different techniques were used in parallel
to investigate Ni mobility: the Donnan Membrane Technique (DMT) (Jouvin et al. [1]), to quantify
the free-metal ion in soil suspensions and Isotopic Dilution (ID) to quantify the pool of isotopically
exchangeable Ni addressing the kinetic aspect of the exchange in water and soil suspensions (Sivry et
al [2]). Samples were spiked with stable 5Ni and isotopic ratio (°!Ni/*®Ni) were measured with a HR-
ICP-MS (Thermo Element Il). Data display an isotopically exchangeable pool of Ni (ENi) considerably
higher than Ni in solution in some cases: up to 407+3 ug L™ ENi (after 6 days of interaction) and only
46+1 g L for dissolved Ni in Barro Alto samples. The experiment highlighted also the kinetic aspect
of the exchanges: after 2 days of interaction, samples from Barro Alto reach about 75% of the total
ENi, while up to 99% of ENi pool is already quantified in samples from Niquelandia. This different
behavior is directly relied to the different solid speciation of the suspended matter in solution. XRF
analysis on solid samples display a content of Ni from 0.6 wt% up to 5.9 wt% in ores, from 0.1 wt%
up to 3.2 wt% in sludges and from 0.02 wt% up to 3.8 wt% in soils. XRD results indicate the presence
of different phases: in particular goethite, chromite, vermiculite and quartz in soils from Barro Alto,
and lizardite, chromite, quarts and hematite in Niquelandia soils.

[1] D. Jouvin, P. Louvat, F. Juillot, C. Marechal and M.Benedetti . Env. Sci. Tech. 2009 43, 5747.

[2]Y. Sivry, J. Riotte, V. Sappin-Didier, M. Munoz, P-O. Redon, L.Denaix, B. Dupré. Env. Sci. Tech. 2011,
45, (15), 6247.
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HETEROGENEOUS REACTION OF ACETIC ACID ON MGO, ALPHA-AL,O,, AND CACO,
AND THE EFFECT ON THE HYGROSCOPIC BEHAVIOR OF THESE PARTICLES
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Mineral aerosol represents one of the largest mass fractions of global aerosols and it is considered
as one of the largest uncertainty in predicting future climate change due to its complexity in climate
effect. [1] Heterogeneous reaction on the surface of mineral dust has a significant effect on the phy-
sicochemical properties of mineral dust, which consequently is one of the most concerned major in
atmospheric science. [2]

In this study, the effect of heterogeneous reaction with acetic acid on the hygroscopic behavior of
typical mineral particles, including Al,O,, CaCO,, and MgO, were studied by DRIFTS, XRD, and vapor
sorption analyzer. It found that the hydrophilic property of all these particles was enhanced by reac-
tion with acetic acid. Moreover, the results also showed that reaction mechanisms are dependent on
the mineralogy of particles as well as the reaction RH conditions. For a-Al O, the reaction is limited
to surface with the formation of surface coordinated acetate under both dry and humid conditions.
For MgO, the bulk of particle is involved in reaction and Mg(CH,COO), is formed under both dry and
humid conditions, although it exhibits a saturation effect under dry condition. In the case of CaCO,,
acetic acid uptake is limited to surface under dry condition while it leads to the decomposition of
the bulk of CaCO, under humid condition. While coordinated surface acetate species increased the
water adsorption capacity slightly, the formation of bulk acetate promoted the water absorption
capacity greatly. This study is helpful for understanding the environmental and climate impacts of
mineral dust.

1 I fresh partscles
dry resction pos

1 50 RI reaction I

Water content/%
: LTy

ALO, CaCo), MgO

Fig. 1 Water content of ALO,, CaCO,, and MgO at 90% RH with different state: fresh particles, acetic
acid reacted under dry condition and at 50%RH.

[1] IPCC, 2007.
[2] C. Usher, A. Michel, V. Grassian Chem. Rev. 2003, 103, 4883.
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INTERACTIONS BETWEEN EU(I11), PHENOLIC ACIDS AND ALUMINA NANOPARTICLES
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Natural colloid-borne transport of metal ions in ground water is known to occur. The implications of
this kind of transport are especially important in the context of radionuclide migration in subsurface
water to evaluate risks of pollutants migration in contaminated soils [1,2]. Furthermore, dissolved
organic matter plays a crucial role on metal ions transport. In particular, phenolic acids, resulting
from lignin degradation, may be involved in the process of metal ion adsorption onto mineral nano-
particles, as it is the case for aliphatic acids [3]. Our aim is to investigate the sorption of Eu(lll) (rare
earth and analogue of trivalent actinides) onto Al,O, nanoparticles in the presence of a hydroxyben-
zoic acid series (4-hydroxybenzoic, 3,4-dihydroxybenzoic, and 3,4,5-trihydroxybenzoic acids).

First, the binary systems were characterized. Eu(lll) was shown to have a high sorption capacity on
our ALLO, sample, as already described elsewhere [4,5]. Combining sorption data analysis with time-
resolved luminescence spectroscopy (TRLS) for Eu(lll), at least 2 sorption sites of different energies
were evidenced, as in Rabung et al. [5]. Complexation constants between Eu(lll) and acids were
determined using TRLS. It appears that the complexation constant increases from log10K® = 2.1 to
5.3 with the number of phenoxy groups on the benzoic ring. As expected, the sorption isotherms of
the Al,O,-phenolic acid binary systems show different sorption capacities that cannot be explained
by the hydrophobicity of the acids Indeed 4-hydroxybenzoic acid, which is the most hydrophobic
compound of the series, has the lowest sorption capacity on AlLO,. These results are consistent with
published data, demonstrating that increasing the number of phenoxy groups on the benzoic ring of
analogue compounds increases sorption on alumina [6]. Besides, the sorption isotherm of 3,4,5 tri-
hydroxybenzoic acid at pH 5 can only be fitted using sequential Langmuir isotherms, which evidences
different sorption sites for this acid on Al,O,.

The same strategy was applied to study the ternary systems. Sorption isotherms were obtained as
well as the TRLS spectra which permit to discuss the pertinency of mixed-surface complexes that
involves Eu(lll), hydroxybenzoic acids and aluminol sites.

[1] A. B. Kersting, D. W. Erfund, D. L. Finnegan, D. J. Rokop, D. K.Smith, J. L. Thompson, Nature, 1999,
397, 56

[2] S. Utsunomiya, A. B. Kersting, R. C. Ewing, Environ. Sci. Technol, 2009, 43, 1293

[3] C. Alliot, L. Bion, F. Mercier, P. Toulhoat, J. Colloid Interface Sci., 2006, 298, 573

[4] N. Janot, M. F. Benedetti, P. E. Reiller, Environ. Sci. Technol, 2011, 45, 3224

[5] T. Rabung, T. Stumpf, H. Geckeis, R. Klenze, J. I. Kim, Radiochim Acta, 2000, 88, 711

[6] P. C. Hidber, T. J. Graule, L. J. Gauckler, J. Eur. Ceram. Soc., 1997, 17, 239
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SORPTION OF ORGANICS CONTAMINANT BY CLAYEY SOIL CONTAMINATED WITH HEAVY METALS
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The aim of this work was to investigate the effects of sorption of polycyclic aromatic hydrocarbons
(PAHs) by Yogyakarta clayey soil contaminated with heavy metal cocontaminants. This work was
done considering that beside heavy metals, organics contaminant such as polycyclic aromatic hy-
drocarbons (PAHs) found in municipal waste. The mechanisms were evaluated, based on the obser-
ved of the values of Kd for PAHs sorption by our clayey soil sample. Laboratory batch studies were
conducted to investigated and evaluate the sorption capacity of Napthalene, as a representative of
PAHs was used in this experiment in our sample with Pb co-contaminant. Based on our observations
in this simple laboratory work, the enhancement of napthalene sorption would be more significant
by the sample with higher concentrations of Pb. However, this preliminary result needs to be eva-
luated deeper in future such as the effect of organic matter in the clayey soil sample, the impacts
of ageing process of Pb in our sample also need to be investigated. This preliminary result would be
helpful to the further assessment and remediation of soils contaminated with combination contami-
nants of PAHs and heavy metals.
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COMPETITION BETWEEN GLYPHOSATE AND PHOSPHATE FOR THE SURFACE OF GOETHITE.
ADSORPTION AND LIGAND EXCHANGE
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Glyphosate is a broad spectrum herbicide used in agriculture for the control of many different weeds.
As a consequence of its widespread use, this herbicide has been found in surface waters, streams
and other sites. The mobility and availability of glyphosate in the environment is strongly influen-
ced by adsorption-desorption processes on minerals, particularly ferric oxides and hydrous ferric
oxides. Glyphosate mainly adsorbs on these minerals by a ligand exchange process, resulting in the
formation of inner-sphere surface complexes where the phosphonic group of the molecule binds
Fe atoms at the surface displacing coordinated water molecules and/or hydroxyl ions. In natural
environments, glyphosate adsorption on mineral surfaces is affected by pH, ionic strength and the
presence of other substances such as other pesticides, ions, organic matter, fertilizers, surfactants,
etc. Phosphate ions, for example, have a strong effect on glyphosate adsorption. Phosphate is a ma-
cronutrient for plants, and it is frequently applied to soils as a fertilizer. As it occurs with glyphosate,
phosphate adsorbs on Fe and other mineral surfaces by forming inner-sphere complexes, and could
compete with glyphosate for the same adsorption sites.

In this work, the competition between glyphosate and phosphate for the surface of goethite is pre-
sented. More specifically, the desorption kinetics of glyphosate as induced by the presence of phos-
phate is discussed. The studies were performed by attenuated total reflectance - Fourier transform
infrared spectroscopy (ATR-FTIR), by first adsorbing glyphosate at different surface coverages and
then adding phosphate to induce desorption. Data were complemented with individual glyphosate
and phosphate adsorption isotherms and electrophoretic mobility measurements. The results show
that both, glyphosate and phosphate adsorb strongly on goethite. ATR-FTIR is able to explore the
goethite-solution interface at the molecular level, allowing the in-situ identification of the formed
inner-sphere complexes. In desorption experiments, it was also possible to simultaneously quantify
as a function of time the desorption of glyphosate complexes and the adsorption of phosphate com-
plexes. When glyphosate is initially adsorbed at low surface coverages, added phosphate adsorbs
mainly on free surface sites displacing a small amount of gyphosate. When the herbicide is initially
adsorbed at high surface coverages, phosphate addition displaces significantly glyphosate from ad-
sorption sites. Under these conditions, a phosphate-glyphosate ligand exchange can be observed. In
view of the similarities in the structures of phosphate and the phosphonic moiety of glyphosate, it
can be concluded that they are strong competitors for the goethite surface. Phosphate may thus play
an important role in determining the bioavailability and leaching potential of glyphosate.

CONICET, CONEA, ANPCYT, UNS and UNSAM are acknowledged.
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Graouer-Bacart M., Sayen S.,* Guillon E.

Institut de Chimie Moléculaire de Reims (ICMR), UMR CNRS 7312, Université de Reims
Champagne-Ardenne, Faculté des Sciences, B.P. 1039, F-51687 Reims Cedex 2, France

stephanie.sayen@univ-reims.fr

This work is part of a multidisciplinary research program whose main objective is to provide a better
knowledge of the fate and impact of emerging pollutants coming from the health sector in environ-
ment, more particularly at water/soil and water/sediment interfaces. The issues concern not only
the protection of the environment and public health, but also the improvement of water treatment
technologies.

Among emerging organic pollutants, antibiotics are widely used in human and animal medicine, and
reach the environment through two main pathways. On the one hand, since current treatments are
not well adapted to these pollutants, they can be found in effluents from wastewater treatment
plants. On the other hand, they can reach soils via animal dejections and sewage sludge spreading,
and reach afterwards the groundwaters by infiltration. During their transfer through soils, sorption
processes play a key role in their mobility.

In this context, the aim of our work is to study the adsorption of the antibiotic enrofloxacin on a
chalky soil. The influence of various parameters such as contact time, pH, concentration and ionic
strength is presented. The adsorption studies are also conducted in presence of copper(ll), an ubi-
quitous inorganic pollutant in the environment. Indeed, it is known that metallic cations can modify
the sorption properties of organic pollutants. Moreover, we have previously characterized in our
laboratory a copper-enrofloxacin complex [1]. Finally, a molecular scale study (XANES and EXAFS) will
be presented in order to confirm the role of copper in enrofloxacin retention.

[1] H. Ftouni et al., Inorg. Chim. Acta 2012, 382, 186-190.
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Natural gas always contains contaminants or other unacceptable substances including hydrogen sul-
fide, carbonyl sulfide or mercaptans [1]. Conditioning natural gas generally requires the removal of
these contaminants, which comprises several main operations among which deacidizing. The dea-
cidized gas usually contains 2% CO,, 4 ppm H,S and 20-50 ppm total sulfur (mercaptans and COS).
In view of both increasingly stringent environmental regulations, deeper desulfurization becomes
in high demand. On that account, we present new results describing the highly efficient elimination
of CH_SH and COS traces in CH,, in relation with adsorption and heterogeneous catalytic processes
using original adsorbents and catalysts.

Some results
On the other hand, the affinity of COS was found lower in comparison with CH_SH. Generally, for a
given zeolite structure, the global adsorption of CH_SH for metal-exchanged zeolites was found to in-
crease with the basicity and the valence of the

cation. The catalytic hydrolysis of COS was per-

formed on the same materials to compare the e
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Conclusions

The basicity of the catalysts was found to rule the hydrolysis. The LDH-based materials are far more
active catalysts than the Me-zeolites. The CO,*- containing mixed oxides exhibited outstanding cata-
lytic activity for COS hydrolysis performed at temperatures lower than 100°C.

[1] A. Rojey, B. Durand, in «Le gaz naturel: production, traitement, transport»,
Publications de l'institut Francais du Pétrole, Editions Technip, 1994, 7-19.
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Green rusts (GR) are mixed ferrous—ferric hydroxides that have layered structures consisting of alter-
nating positively charged hydroxide layers and hydrated anion layers. These compounds can be ob-
tained by chemical co-precipitation of Fell and Felll species or from bioreduction of ferric oxides by
iron reducing bacteria. They exhibit high reactivity with both organic and inorganic pollutants. While
numerous works were mainly focused on chemically synthesized GR, no study, to our knowledge,
has reported the reactivity of biogenic GR. The biogenic GR are known to be more stable over time
(several years in aqueous phase) than those chemically synthesized probably due to the presence of
exo-polymeric substances or bacterial cells surrounding the crystals. This work is devoted to com-
pare the reactivity of chemically and biologically synthesized GRs against an organic pollutant, the
methyl red (MR) and an inorganic one, the cationic mercury (Hgll). Reductive transformation of MR
was monitored by spectrophotometric method and cationic mercury by ICPMS. Results show that
both abiotic and biotic carbonated GR can reduce Hgll (Fig. 1) and MR. The biomineralized carbona-
ted GR(CO,*) appeared to be equivalently reactive than the chemically synthesized counterpart as
well as the sulfated GR(SO,*) in spite of its higher stability. The effect of other stabilizing agents such
as phosphate on the GR(CO_*) reactivity was also tested.
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Figure 1 : Evolution of Hgll relative concentration during the reaction with sulfated green rust (GR S),
carbonated biogenic green rust (GR B), carbonated green rust stabilized by phosphates (GR P) and
SnCl..
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SELECTIVITY AND REACTIVITY OF HYDROXYCARBONATED GREEN RUST DURING
NITRATE REDUCTION: EFFECTS OF PH, PHOSPHATE AND TOTAL IRON CONCENTRATION

Etique M.,* Zegeye A., Barthélémy K., Grégoire B., Carteret C., Ruby C.

Laboratoire de Chimie Physique et Microbiologie pour I’'Environnement. LCPME, UMR 7564,
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The high standards for drinking water quality set by the European Union and the World Health Or-
ganization have led to development of technologies based on iron compounds for denitrification
processes of wastewater and groundwater treatments. For instance, the layered Fell-Felll double
hydroxides, known as green rusts, can reduce nitrate to ammonium with their subsequent transfor-
mation to magnetite Fe'Fe". O, [1]. In this present work, the ability of the hydroxycarbonated green
rust (GR1(CO,*)) to reduce nitrate by restricting ammonium formation was investigated.

4 Fe' Fe" (OH)™2CO,(s) + NO, + 60H ¢> 8 Fe,0,  + NH, + 4 CO.> + 25 H.0

4(s)
To fulfill this goal, ammonium selectivity (SNH,*) (i) and reactivity (kobs) of the reaction were analy-
zed through a full factorial design. Four parameters known to affect strongly nitrate reduction were
studied: the initial nitrate concentration (0.81 — 3.23 mM), the amount of total iron constituting the
carbonated green rust (62.5 — 250 mM), the phosphate concentration stabilizing the GR1(CO_*) (0 —
1 mM), and the initial pH of the reaction (7.5 — 10.5). The results of the full factorial design showed
that the lowest selectivity values toward NH,* are obtained with a low total iron concentration and
a high phosphate concentration. On the contrary, a high kobs is affected by a basic solution (pH =
10.5), a great amount of total iron concentration, and a low concentration of phosphate.
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che” (Programme ECOTECH 2009, CERVEAU NP, décision attributive d’aide n® 0994C0103). K. Barthélémy is grateful to
SAUR for the financing of his PhD grant.

[1] H.C.B. Hansen, C.B. Koch, H. Nancke-Krogh, O.K. Boorgaard, J. Sorensen, Environ. Sci. Technol. 1996, 30, 2053-2056.
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COMPARATIVE STUDY OF THE PROMOTIONAL EFFECT OF SECOND METAL (V, MO, W OR CE) FOR
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Aerogels mixed oxides catalysts, labelled as V,0,-TiO,, MoO,-TiO,, CeO,-TiO, and, WO_-TiO, were
synthesized by supporting transition or rare earth metal (V, Mo, W or Ce) on the TiO, anatase surface
using the one step sol gel method. All the catalysts were characterized by means of XRD, N,-Physi-
sorption, H_-TPR and NH_-TPD techniques and then tested in the selective catalytic reduction of ni-
trogen oxide (SCR-NO) by NH, in 150- 500 °C temperature range, using a molar ratio NH,/NO = 1 and
oxygen rich atmosphere. The result showed that the incorporation of the second metal (V, Mo, W or
Ce) does not affect the cristalline anatase phase of the TiO, support but decreases both its surface
area and total acidity. On the other hand, it was shown that the the presence of V, Mo or Ce species
enhanced significantly the reductibility of the binary V,0.-TiO,, MoO,-TiO, and CeO,-TiO, compared
to the TiO, support or the WO,-TiO, catalyst. In the SCR-NO by NH,, it was found that the catalysts
containing V, Mo or Ce species exhibit more higher NO conversion at low temperature compared to
the catalyst containing W. The high catalytic performance of V,O.- TiO,, MoO,-TiO, and CeO,-TiO,
catalyst, at low temperature, is essentielly attributed to the redox sites creates by vanadium, moly-
bdenium or cerium species on the TiO, surface. Among all the catalysts tested it was revealed that
CeO,-TiO, is the more active at low temperature (250-300°C) suggesting the potentiel role of redox
sites created by cerium for low temperature DeNO_process.

Keywords: TiOz, V.0 MoO3, CeOZ, WO3, Low temperature DeNOx process.
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ACID AND ALKALI EFFECT ON SURFACE PROPERTIES OF SOILS
AND THEIR MINERAL CONSTITUENTS
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Physicochemical properties of the surfaces of soil particles are strongly influenced by various envi-
ronmental and anthropogenic factors, which can lead to soil degradation. Acidification and alkaliza-
tion are the most important soil degradation processes. The problem of this work is to characterize
their effects on changes of soil surface properties. The solid phase of soil is very complicated system
due to its complex chemical composition, mineralogy, organic matter content and quality, varying
particle size distribution. During acidification of clay poor soils a decrease of the variable charge
is observed, whereas for clay rich soils this charge increases. The alkalization generally results in
decrease of the variable charge [1]. The surface area decreases for both the acidified and alkalized
clay poor soils. However, for the soils which are rich in clay fraction, as well as for pure minerals, the
increase of surface area occurs. The average adsorption energy on solid phase decreases in acidic as
well as alkaline media what reflects the lowering of water binding forces. An extreme decrease of pH
leads to the decrease of fractal dimension of clay fraction what suggests that the particles surface
become smoother [2].

Response of the soil surface properties on the alkalization and acidification is mainly connected
with:

- dissolution of Al and Fe oxides of large surface area in both alkaline and acidic environment

- formation of amorphous silica and destruction of mineral lattice (in acidic media),

- depletion of mineral silica sheets in alkaline media

- dissolution of the organic matter of high charge and surface area.

[1] G. Jbézefaciuk, A. Muranyi, T. Alekseeva Geoderma 2002, 109, 225.
[2] G. Jozefaciuk, C. Hoffmann, B. Marschner J. Plant Nutr. Soil Sci. 2002,165, 59.

127



Eﬁ Session C: Interfacial Processes PC3
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Phosphorous (P) is one of the most common contaminants in rivers due to its potential to cause eu-
trophication. The development of episammic biofilms on the riverbed sediments can improve the P
adsorption capacity, involving the removal of this pollutant in the overlying water, and at the same
time can reduce the P desorption process in order to retain this possible contaminant. The main
aim of this study was the assessment of the phosphorous adsorption and desorption behaviour of
episammic biofilms as a potential useful tool to the bioremediation of situations with problematic
P concentrations. An entire biofilm growth was carried out during 15 days over 8 g of riverbed sedi-
ment, replacing the overlying river water each 5 days and introducing 0.5 mL of inoculum in order to
stimulate the growth. Once the biofilm was developed, the overlying water was removed. In order
to determine the adsorption isotherm, 60 mL of different initial P (PO) concentrations (0, 0.25, 0.5,
1, 2 and 3 mg/L) prepared in 0.01 M CaCl, solutions were added to the systems. All the samples
were prepared by triplicate and the equilibrium was reached in 24 h. After that 55 mL of the over-
lying water were removed and 55 mL of 0.01 M CaCl, solutions were added in order to obtain the
desorption isotherm. Again the equilibrium was reached in 24 h and 55 mL of the overlying water
were removed. Phosphorus equilibrium (P ) concentration of the samples was determined by means
of an acid digestion with H SO, followed by colorimetric determination with ammonium molybdate
[1]. Adsorbed phosphorous (P_,) concentrations were obtained by the difference between P, and
P_. Freundlich and Langmuir models isotherms were used to fit satisfactory the adsorption isotherm
with values of R2 of 0.92 and 0.95, respectively. Therefore Lagmuir isotherm is the most suitable
model to adjust experimental data. The maximum adsorption capacity of the sediment given by
Langmuir model was 0.019 mg/g. The percentage of P_,_with respect to P, was of 80.24 + 8.23 %.
An exponential growth model to describe the amount of P desorbed (P, ) was applied in this study
[2], determining a value of R? of 0.92. The values of parameters a and b (desorption potential and
desorption rate, respectively) were of 1.34 10-4 mg g* and 1.48 102 g mg, respectively. The per-
centage of P, with respect to Pads was of 7.49 + 1.63 % so hence the percentage of retained P with
respect to P_,_was of 92.51 + 1.63 %. In conclusion the biofilm obtained by this study adsorbed an
important part of the phosphorous of the overlying water and desorbed a small quantity of it which
shows the great role that it could play in bioremediation and in decontamination processes.

[1] APHA. Standard methods for the examination of water and wastewater. American Public Health Associa-
tion, American Water Works Association, Water Environment Federation. 21 ed. 2005.

[2] Wang, Q. and Li, Y. Phosphorous adsorption and desorption behavior on sediments of different origins. J.
Soils Sediments 2010, 10:1159-1173.

128



E& Session C: Interfacial Processes P4

REMEDIATING FLUORIDE FROM WATER USING HYDROUS ZIRCONIUM OXIDE
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The defluoridation performance and adsorption mechanism of a high capacity hydrous zirconium
oxide adsorbent were investigated. Maximum adsorption capacities of 124 and 68 mg-F/g-adsor-
bent were obtained in batch studies at pH 4 and 7. Capacity increased continuously with decreasing
pH. Hydrous ZrQ, is superior to most Zr-containing adsorbents. Surface titration and Zeta potential
measurements defined this adsorbent’s surface charging behavior and the electrostatic interactions
between fluoride and surface charge. Inner-sphere complexes formed after adsorption. The pHch
was 6.7. Raman and FTIR observations provided direct evidence for the exchange reaction between
surface hydroxyl groups with fluoride. XPS and 19F NMR analyses indicated that seven-coordinate
polyhedral zirconium oxyfluoride species, ZrO,F, (Fig. 1),formed on the adsorbent’s surface by ex-
change reactions between surface hydroxyl groups with fluoride, through either associative or dis-
sociative pathways of fluoride uptake. Finally, surface reactions were suggested based on all the
experimental results.
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[1] C.G. Pantano, R.K. BrowJ. Am. Ceram. Soc.1988, 71, 577.
[2] J.R. Piascik, S.D. Wolter, B.R. StonerDent. Mater.2011, 27, 99.
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ELECTROLYTE INTERFACE :
CHALLENGING MACROSCOPIC APPROACHES FOR ION SPECIFICITY ISSUES
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For more than 60 years, the liquid Hg/electrolyte interface has been used as a model system to test
electrical double layer theories. In particular, macroscopic interfacial tension of externally polari-
zed Hg/electrolyte interface (electrocapillary curves) were extensively collated with the well-known
Gouy-Chapman-Stern (GCS) model [1], and were recently confronted to Anisotropic HyperNetted
Chain (AHNC) simulations [2]. Comforting or not the fundaments of these theories for deciphering
ion spatial distributions at charged interfaces and for interpreting ion-specific phenomena, still criti-
cally requires molecular-scale data on interfacial structure and composition. In this study, we use for
the first time X-ray reflectivity to achieve an Angstrom-resolved description of the interface between
polarized Hg and aqueous solutions containing 1M LiCl, 1M LiBr or 2M MgSO, [3]. The analysis re-
veals a number of key features so far incorrectly ignored in the traditional thermodynamic deriva-
tion of electrocapillary data, and in their interpretative framework based on standard GCS model or
molecular electrostatic model that includes ion-ion correlations [2]. Our molecular-scale reflectivity
measurements dismiss the long-standing approximation that assimilates Hg surface to a smooth,
perfect chemically-inert conductor with uniformly smeared-out surface charge density. Instead, Hg
interfacial roughness is shown to depend on ion nature and applied potential according to capillary
wave theory (‘Hg layering’) and an ‘incomplete Hg layer’ containing Hg atoms entering the liquid
phase, substantially contributes to the overall distribution of charged species at the polarized in-
terface. Potential- and ion-dependent electronic properties of polarized Hg surface are incorrectly
discarded in available models for tackling ion specificity issues at Hg surface.

[1] D. C. Grahame, Chem. Rev. 1947 ,41, 441.

[2] E. Wernersson, R. Kjellander, and J. Lyklema J. Phys. Chem. C 2010,114, 1849.

[3] J.F.L. Duval, S. Bera, L.J. Michot, J. Daillant, L. Belloni, O. Konovalov and D. Pontoni Physical Re-
view Letters, In press (2012).
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A novel adsorbent, named aminopropyl-functionalized mesoporous 6-MnO, (NH,-MnO,), was syn-
thesized by bounding 3-aminopropyltriethoxysilane (APTMS) onto 6-MnO, surface. The amount of
APTMS grafted on 6-MnO, was found to be 110 mg/g by thermogravimetric analysis (TGA). The
specific surface area, pore volume and BJH pore diameter of the NH,-MnO, was 79.31 m2/g, 0.19
cm?/ g and 9.5 nm. X-ray powder diffraction (XRD) indicated the characterization of NH,-MnO, was
accordance with the synthesized 8-MnO, before and after Cu(ll) adsorption. Transmission electron
microscopy (TEM) images showed the mesoporous characterization of NH,-MnO,. Scanning electron
microscopy (SEM) images revealed that the amorphous nano particles formed aggregates. The fou-
rier-transform infrared spectroscopy (FTIR) results verified the formation of the band of Mn-0-Si and
the grafting of APTMS onto NH_-MnO,. The adsorption isotherm at 298 K could be well described
by Langmuir isotherm equation. The maximum adsorption capability of NH,-MnO, and the un-func-
tionized 6-MnO, for Cu(ll) at pH 4.0 was 94.93 mg/g and 78.24 mg/g, respectively. The competing
adsorption of Cu(ll) and Pb(ll) onto the NH,-MnO, and the un-functionized §-MnO, was also inves-
tigated in binary component system. The results showed that the molar ratio of the adsorbed Cu(ll)
and Pb(ll) by un-functionized 6-MnO, and NH,-MnO, increased from 0.12 to 0.69, which indicated
the enhancement of the selectivity of NH,-MnO, for Cu(ll).

Keywords: Adsorption, Heavy metal, Mesoporous material, Manganese dioxide, Organic silane
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Speciation of Eu(lll) in the presence of purified Aldrich humic acid (PAHA) and/or aluminum oxide
a-AL O, has been studied by batch experiments and timeresolved luminescence spectroscopy at dif-
ferent pH, ionic strengths and PAHA concentrations. Macroscopic and spectroscopic data (sorption,
spectra, and decay times analyses) are compared between the ternary system, i.e., Eu(lll)/PAHA/
a-ALO,, and the corresponding binary systems.

As expected, results show a weak influence of ionic strength on Eu(lll) adsorption onto a-AlO..
However, in the binary Eu(lll)/PAHA system, it is evidenced that variations of electrolyte concentra-
tion, which modify PAHA conformation, influence the symmetry of the humic-bound Eu(lll) at high
pH. In the ternary system, adsorption of both Eu(lll) and PAHA onto the surface decreases with ionic
strength. At 0.01 mol/L NaClO,, Eu(lll) luminescence decay is much faster than at 0.1 mol/L NaClO,.
This is most likely due to the lower surface concentration of PAHA at lower ionic strength, leading to
a lesser constrained environment for Eu(lll) ions. At high pH, luminescence spectra are different at
the two ionic strengths studied.

Concerning the influence of PAHA concentration, spectroscopic results show that in the binary Eu(ll1)/
PAHA system a complete complexation of 1 umol/L Eu(lll) is reached for 16 mg/L PAHA at pH 4, and
for lower PAHA concentrations at higher pH. At same PAHA concentration, there is no difference in
asymmetry ratios between the binary Eu(lll)/PAHA system and the ternary system between pH 4
and 7.7. This means that the presence of mineral surface has almost no influence on Eu(lll) environ-
ment symmetry below pH 8. Hence, the occurrence of europium-bridged humic surface complexes
is not likely. In the ternary system, at different pH, luminescence decay times of Eu(lll) increase with
PAHA concentration. They are much higher in the ternary system than in the binary Eu(lll)/PAHA
system, which would mean that Eu(lll) environment in PAHA-bound molecules is more constrained,
as previously seen [1]. Macroscopic results show that the influence of PAHA on Eu(lll) sorption onto
a-ALO, depends on pH: at low pH, Eu(lll) retention is always higher in the ternary system, whereas
at higher pH it depends on PAHA concentration.

[1] N. Janot, M. F. Benedetti, P. E. Reiller, Environ. Sci. Technol. 2011, 45, 3224.
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Some coagulants made from natural volcanic ash soils have been developed. Imogolites contained in
volcanic ash soil have several unique properties. That is, the imogolites have nano-tubular structure,
have positive charge below pH 9, and coagulate beyond pH 6. With these properties, we think imo-
golites play an important role when coagulants from volcanic ash soils are applied.

To clarify mechanisms of imogolite-induced coagulation and subsequent sedimentation, we have
studied the coagulation and charging of three different latex spheres in the presence of purified imo-
golites taken from natural soil in Kitakami, lwate, Japan. Coagulation and dispersion were judged by
observing latex-imogolite mixed suspensions with the naked eye and by measuring the supernatant
absorbance. Charging property was studied by electorophoretic mobility. These experiments were
carried out as a function of the ratio of the concentration of imogolites (Cl) to that of latex particles
(CL) at three different pH.

The experimental results clarified that the mechanism of imogolite-induced coagulation depends on
the properties of charging and coagulation of imogolites. That is, when the latex and the imogolite
are oppositely charged and the imogolites are dispersed, coagulation occurs (eg, Fig.1a) only around
isoelectric point. In this case, charge neutralization gives rise to coagulation. If the latex and the imo-
golite are oppositely charged and the imogolites are coagulated, coagulation occurs not only around
isoelectric point but also at higher CI/CL (eg, Fig.1b). This result indicates that coagulation is due to
charge neutralization as well as sweep coagulation, where the latex particles are enmeshed by flocs
of imogolites. When the latex and the imogolite are similarly charged and the imogolites are coagu-
lated, coagulation of the mixture occurs at higher Cl/CL (eg, Fig.1c) by only the sweep coagulation.

GG High

Fig. 1 Aggregation and sedimentation of mixed suspensions of negatively charged latex and imogo-
lites: (a) imogolites are positively charged and dispersed, (b) imogolites are positively charged and
coagulated, (c) imogolites are negatively charged and coagulated.
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Sorption experiments were carried out to investigate the effects of geochemical conditions such
as redox potential (Eh), pH and constituent minerals on the sorption of uranium, neptunium, and
americium sorption by granite. The granite samples were obtained from rock cores (YH 1-1, KP 1-20,
KP 1-32) at the KAERI Underground Research Tunnel (KURT) located within the Korea Atomic Energy
Research Institute (KAERI) site. Granite mainly consists of quartz, plagioclase, K-feldspar, microcline,
muscovite, and minor minerals including chlorite and biotite. The used groundwater was also sam-
pled from a borehole (DB-1) of KURT below -200 m from the surface.

The distribution coefficients (Kd) of uranium were reduced from 4426 to 27+8 mg/L when the redox
potential was decreased from ~-0.3 to ~+0.3 V with a Na_$S,0, solution. The effects of the redox po-
tential on neptunium sorption were more significant than those of uranium. When the redox poten-
tial of the solution was ~-0.3 V, the Kd values of neptunium were measured as 177.1+74.1 mL/g. As
the redox potential increased to +0.3 V, the neptunium sorption was significantly decreased with the
Kd values of 14.8+6.9 mL/g. It suggests that the changes in the redox potential of a solution might
alter the chemical properties of redox sensitive actinides such as uranium and neptunium, inducing
a change in the sorption properties [1, 2]. The effects of pH on the sorption of neptunium and ameri-
cium were also studied. Experimental results showed that the sorption of neptunium and americium
by granite was dependent on the pH.

The sorption of uranium and neptunium onto the different KURT granite samples showed that the Kd
values were dependent on the mineralogical composition of granite, especially a minor mineral such
as chlorite. Kd values increased in accordance with the contents of chlorite in the KURT granite in the
order of YH 1-1, KP 1-20, and KP 1-32. Additional sorption experiments were performed to study the
effect of chlorite content on the uranium sorption onto a mixture of chlorite and granite. The results
show that the sorption of uranium onto granite is greatly affected by the chlorite content.

[1] S.S. Kim, M.H. Baik, W.C. Kang, S.H. Kwon, J.W. Choi, J. Ind. Eng. Chem. 2008, 14, 739.
[2] J.P. Kaszuba, W.H. Runde, Envrion. Sci. Technol. 1999, 33, 4427.
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NO, is a major pollutant in atmosphere and its reactivity is of great importance in atmospheric che-
mistry [1]. Heterogeneous reactions of NO, on mineral dust also attract much attention because they
not only influence the concentration of NO, but also change the surface properties of particles [2].
Titanium oxide is a major component of mineral dust and anatase is widely used for the representive
of TiO,. There are other crystal forms such as amorphous and rutile, however, little attention has
been paid to the effect of crystalline phase on heterogeneous process.

In this study, we used in situ DRIFTS to study the heterogeneous reaction of NO, on TiO, with dif-
ferent crystal forms including amorphous, anatase, and rutile. It demonstrated that surface species
were dependent on the crystalline phase of TiO,. For amorphous TiO,, chemical adsorbed HNO, was
detected during NO, reaction. This adsorbed HNO, was stable even under dry nitrogen purging. As
for anatase, monodentate nitrate was proved to be the dominated species on the surface. However,
NO, had quite weak reactivity on rutile surface and there was no obvious surface species observed
in the DRIFTS spectrum.

Further researches indicated that the formation of surface species were related to OH groups on
various crystal forms. Isolated OH groups contributed to the formation of adsorbed HNO, on amor-
phous TiO,, while H-bounded OH groups were in close relationship with the formation of monoden-
tate nitrate on anatase.

These results imply that crystalline phase has great influence on the surface properties and could
influence the formation of surface species. Therefore, the chosen of crystalline phase should be
considered in the heterogeneous reaction research.
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Fig. 1 In situ DRIFTS spectra of 200 ppmv NO, reaction on TiO, samples in a flow of 100 mL/min syn-
thetic air (80%N2, 20% O,) at 298 K for 3 h.

[1] C. H. Song, G. R. Carmichael, Atmos. Environ. 1999, 33, 2203.
[2] C. Usher, A. Michel, V. Grassian Chem. Rev. 2003, 103, 4883.
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Carbon 14 is produced in the nuclear fuel cycle following neutron interactions with *C, N, **N,
%0 and 0, which may be present in the nuclear fuels, like primary and secondary coolant systems
of nuclear reactors. In the framework of irradiated graphite waste from the first generation gas-
cooled French reactors (UNGG) reprocessing and storage, *C, as a long-lived betta emitter (T1/2=
(5730 £ 30) years) is a radionuclide of interest and its behavior particularly in cementitious system is
still poorly known.

*C can occur as inorganic and organic species in cementitious systems. The inorganic form **CO,*
reflects a low mobility due to high isotope exchange rates with carbonates species present in the
concrete materials. However, under the organic form (mainly composed of alkane and short-chain
carboxylic acids), **C is less retained and is expected to be more mobile, particularly for hydrocarbon
form.

In the case of a cementitious environment, with a graphite source-term, it is considered that **C
would be released as **CH, methane, **CO,, **CO and small carboxylic acid [1].
The aim of this study is to understand the behavior of this radionuclide present as '*C carbonate,
14C-acetate, *C-formate and “C-propionate in contact with cementitious materials and to develop
an incorporation model of organic and inorganic compounds in cementitious media. This research
will firstly focus on the organic fraction, to situate its importance in speciation of carbon element in
cementitious environment. It helps to characterize and quantify their interactions with solid phases
in static. Sorption studies will be conducted in cementitious materials (isotherms and kinetics of
sorption and desorption) in order to investigate the effect of the alkane-chain length onto sorption
properties. In parallel, diffusion experiments will be conducted through cement paste materials and
in concrete material, in order to determine diffusion parameters of **C-acetate, *C-formate and **C-
propionate species.

[1] C.P. Jackson, H. Yates Serco Report SERCO/TAS/002925/002 Issue 2.2 April 2011, 157.
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Starch is a readily available, biodegradable and renewable material that can find use in the produc-
tion of biodegradable packaging material. However, thermoplastic starch has some drawbacks in-
cluding poor mechanical properties, water uptake, brittleness and decomposition of the starch ma-
trix [1, 2]. These weaknesses arouse constant interest for properties improvement in thermoplastic
starch-based material. In a recent study [3], we introduced a kaolinite clay as filler in cassava starch
composite films. The clay was used in its raw and DMSO intercalated forms. Significant changes in
mechanical properties, water uptake and heat barrier effects were observed. In the present work we
examine these changes in the light of interfacial interactions between starch and

kaolinite.

From dynamical mechanical thermal analysis, a decrease in the glass transition temperature (Tg)
of the film is attributed to a plasticizing effect brought by the clay. This plasticizing effect is confir-
med by tensile tests through the decrease of the elastic modulus and the increase of the ultimate
strength at break. In infra-red spectroscopy, the C-H, O-H and C-OH vibration modes are altered. The
water uptake is lowered at 50 % RH and increased at 100 % RH. In all cases, the effects due to the
presence of the clay were enhanced when the clay was previously exfoliated by DMSO, since the clay
crystallites, split in twofold thinner particles (as indicated by XRD), develop an increased interface
with the matrix.

All these observations clearly show that clay-starch interactions are weaker than chainchain inte-
ractions in the starch matrix. Weak forces at the clay-starch interface allow sliding of the polymer
chains along the interface, which results in increased plasticity. Furthermore, the orientation of the
particles strongly depends of the nature of the interfacial forces. In the present case, low repulsive
electrostatic forces due to the negative charge of the surface of the clay and the slightly negative (to
almost neutral) charge surface of the starch preferentially results in a planar orientation of the clay
particles.

References

[1] Avérous L. and Halley, PJ. Biofuels, Bioproducts and Biorefining. (2009) 3, 329-343.
[2] Sorrentino A., Gorrasi G. and Vittoria V., Trends Food Sci. Technol.(2007) 18, 84 — 95.
[3] Mbey J. A., Hoppe S and Thomas F. Carbohydr. polym.(2012) 88, 213-222.
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Natural and anthropogenic colloids in the geosphere can influence the transport of contaminants
adsorbed on their surfaces. The presence of TiO, colloids in the environment is increasing due to the
anthropogenic influx because of their industrial application as white pigments. Due its low solubility
and its point of zero charge near to the neutrality, that allows sorption studies in a wide range of
environmental conditions, TiO, is an ideal model oxide for adsorption studies. Se(IV) is a potentially
toxic element at low concentration and its presence in the environment is increased by activities
such as mining and combustion of fossil fuels. Se(lV) is susceptible to be transported through the
geosphere via TiO, or other types of oxide colloids.

This study focuses on two decisive factors concerning colloid-driven migration:

The Se(IV) sorption behaviour on TiO, colloids; 2. The stability of TiO, colloids before and after the
Se(IV)-TiO, interaction.

o - 1. A surface complexation model was develo-
ped to explain Se(lV) adsorption on TiO, col-
loids. Surface complexation constants were
obtained by fit a set of experimental batch sorp-
tion data obtained in a wide range of pH, ionic
strength and Se concentration. The developed
model considers one type of sorbing sites on
TiO, surface and the two Se(IV) anionic specie:
Se0,* and HSeO,". Both inner and outer sphere
complexes formation have to be considered to
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Figure 1. Experimental and modelling of Se(IV)  colloids in suspension after the interaction with

sorption on TiO; colloids as a function of pH Se(IV). Results indicate that the presence of Se

adsorbed on the TiO, surfaces changes the size

distribution of the suspensions at the different

studied conditions of pH and ionic strength. The developed sorption model allows a better esti-

mation of the Se colloid-driven migration. In addition, size distribution experiments showed that

Se sorption on TiO, surfaces modifies the stability of colloids that will influence their movement
through the geosphere.

This work has been partially supported by the Spanish Ministry of Economy and Competitiveness under the frame of the
NANOBAG Project (CMT2011-27975)
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Crystalline rock presents suitable properties to host a deep geological repository (DGR) of high-le-
vel radioactive waste. For this reason, different European countries (Sweden, Finland, Switzerland,
Spain, UK) as well as Canada, Japan and USA amongst others analyzed radionuclide (RN) migration
in these system for many years.

Adsorption onto rock surface is the main retardation process for solutes migration in flowing paths,
thus it is very important to understand the mechanisms controlling it. However, this is not straight-
forward when highly heterogeneous systems, as crystalline rock, are involved.

These heterogeneous rocks are generally composed of a variety of different minerals therefore re-
tention processes comprise ionic exchange (with constant-charge minerals like micas and clay mine-
rals), surface complexation (with minerals exhibiting pH-dependent surface charge) and (co)precipi-
tation (with carbonates, iron oxides). In the performance assessment of DGRs, sorption is generally
handled using the “Kd-approach” and Kd values are experimentally derived, generally from batch ex-
periments with crushed material under site-specific conditions. Mechanistic thermodynamic sorp-
tion models are sometimes used to provide support to expert judgment for Kd selection, but their
application in crystalline rock is still very limited and a convincing picture of how modelling retention
processes is still missing. Sorption in the main constituent mineral affects the indeed sorption, but
simply additive models generally do not provide a satisfactory picture of the overall sorption beha-
viour.

In this work, cesium adsorption onto granites of different origin and onto different minerals compo-
sing granite (quartz, feldspar, plagioclase, moscovite and biotite) was analyzed and the modeling of
the experimental data was carried out following two different approaches: top-down and bottom-
up. The advantages and limitations of both approaches and their applicability to determine reliable
Kd values for predicting radionuclide transport in real systems are evaluated.

The research leading to these results has received funding EU Seventh Framework Programme (FP7/2007-2011) under
the grant agreement N2269658 (CROCK, Crystalline Rock Retention Processes).
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Performance assessment studies of deep geological repositories (DGR) for high-level radioactive
waste are very sensitive to the selection of radionuclide retention parameters within the repository
barriers, especially in highly heterogeneous rock, as granite.

Contaminant retention is generally described by a single distribution coefficient (Kd), obtained on
powder material, which may not be sufficient for a heterogeneous material. To provide a sound
sorption value, to relate distribution coefficients measured on powder (Kd) and intact rocks (Ka) is
still required. Furthermore, to assess the minerals that most contribute to sorption is fundamental.
However, very few radionuclide retention data measured on rock surface are available.

This study presents an experimental methodology, applying the ion beam technique micro-Particle
Induced X-Ray Emission (mPIXE), to visualize and quantify contaminant distribution coefficients on
rock surface at mineral micro-scale.

The retention of uranium onto granite different locations (Spain, Switzerland and Sweden) was ana-
lysed. Sorption tests were carried out both under oxic and anoxic conditions (preserved from the
granite site extraction to mPIXE measurements), because retention mechanisms highly depend on
RN speciation, and the same element under different oxidation states can be mobile or immobile.
Results showed that uranium retention on granite surface was heterogeneous and quantitative dis-
tribution coefficients (Ka) on selected minerals were obtained by PIXE spectra analyses. Higher sorp-
tion values were generally observed on Fe-bearing minerals, but non-zero values were measured on
most of the minerals. Values measured under both redox conditions are compared.

The research leading to these results has received funding from EU Seventh Framework Programme (FP7/2007-2011)

under the grant agreements N2 269658 (CROCK, Crystalline Rock Retention Processes and N2 2620109 (ENSAR, Euro-
pean Nuclear Science and Applications Research).
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Polyacrylamide-based-flocculants have been used in many fields for up to 50 years (agricultural, mi-
neral processing, water purification and wastewater treatment). They are currently used in the treat-
ment processes of industrial effluents as they facilitate suspended solids decantation. Flocculants
are essentially formed by anionic polyacrylamide, an ultra-high molecular weight polymer, made
through a polymerization process between acrylic acid and acrylamide. During the production of
polyacrylamide, 0.025% to 0.05% of residual acrylamide is left in the polyacrylamide molecule. This
monomer is known to be a human neurotoxin, an animal carcinogen and neurotoxin, and is believed
to be a human carcinogen.

In France, the washing water used in Aggregates industry is recycled by flocculation / decantation in
thickeners. Sludge obtained from the thickener underflow is discharged in settling lagoons. Even if
clay material is used to ensure lagoons sealing, infiltration of flocculants in soils is expected. Consi-
dering the large amount of sludge generated by this industry (up to 50 tons of sludge, containing up
to 100 g/t, of flocculants), interactions between flocculants and mineral and/or organic soils phases
have to be studied. On the other hand, very little is known about the fate, the degradation and the
transport of polyacrylamide and acrylamide in long term storage context.

The aim of this research is to examine the fate and the transport of acrylamide and anionic polya-
crylamide used as flocculants in Aggregates industry. For that, a series of laboratory and numerical
experiments will be conducted including: 1) batch experiments for measuring sorption levels and
kinetics, for the acrylamide and polyacrylamide, on model clays and the natural solid phase from the
host site; 2) numerical simulations for the transport of both acrylamide and polyacrylamide in soil.
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DGT (Diffusive Gradients in Thin Film) is a dynamic analytical technique based on a metal binding
material that disturbs the distribution of metal species in a layer adjacent to the sensor. The typical
equation linking the amount of metal measured by DGT to the so-called “DGT-concentration” (re-
lated to the amount of labile species) in the medium relies on several assumptions [1]. A key one
is that the surface of the resin layer acts as a perfect sink, corresponding with the concept that the
binding is irreversible, almost instantaneous and the accumulated metal amount is much lower than
the resin capacity. Experimental observations show that DGT does not work well at low pH [1-4], due
to proton competition [5]. In these cases, the metal binding equilibrium with the Chelex resin in the
DGT sensor could be approached. Accordingly, the free metal concentration at the resin-gel interface
is not zero and the linearity of the accumulated mass versus time is lost. A similar situation is found
in presence of ligands with an affinity for the metal similar to that of the Chelex.

The present study describes how the metal accumulation by DGT sensors is affected in presence of
competitors (protons and ligands), from a combined experimental / modelling perspective. A nume-
rical model considering that the species can penetrate into the resin layer [6] is applied to describe
the accumulation of cadmium by DGT sensors and validated with a series of experiments in control-
led conditions (pH, ligand concentration, temperature, etc.).

The results show that the approach to equilibrium of the metal-resin binding can exert a signifi-
cant influence on the experimental metal accumulations measured by DGT, even at relatively short
deployment times, depending on the conditions of the immersion solution (pH, concentration of
ligand...). This influence can lead to an underestimation of the “labile” metal concentration in the
system, if the resin layer was taken to act as a perfect sink. On the other hand, if the equilibrium is
reached, the free metal concentration present in the solution can be determined.

[1] H. Zhang, W. Davison Anal Chem 1995, 67, 3391.

[2] H.M. Conesa, R. Schulin, B. Nowack Environmental Science and Pollution Research 2010, 17,
657.

[3] J. Gimpel, W. Hutchinson, W. Davison Analytica Chimica Acta 2001, 448, 93.

[4] J. Sondergaard Anal Chem. 2007, 79, 6419.

[5] W.J. Li, H.J. Zhao, P.R. Teasdale, R. John, FY. Wang Analytica Chimica Acta 2005, 533, 193.

[6] S. Mongin, R. Uribe, J. Puy, J. Cecilia, J. Galceran, H. Zhang, W. Davison Environmental Science &
Technology 2011, 45, 4869.
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In natural (rivers, etc) as well as in engineered systems (wastewater and water treatment) bacteria
are often organized as biofilms. The life cycle of biofilms can be viewed as a sequence of periods
of development and detachment, which are related to many factors such as food availability or
hydrodynamical stress. The monitoring of biofilm life cycle over long periods of time with limited
interference of the sensing devices is not easy. For several years now we have developed tools based
on image analysis of transparent or opaque coupons which can be exposed to various aquatic envi-
ronment. These coupons can be briefly removed from their environments, scanned and put back in
place. The image analysis is based on distributions of image grey levels (histograms) that can be re-
lated, under certain conditions, to biofilm mass and/or thickness and texture descriptors that can be
related to events or macrostructure features: detachment, auto-digestion, denitrification (bubbles).
Texture descriptors are provided by algorithms such as Grey Level Runs Length (GLRL) method that
provide information on pixel positions.

Among the tested applications, a two-year biodiscs lab system fed with real wastewater has been
monitored. The transparent biodiscs (diameter = 10 cm, rotation speed = 5 rpm) are used as cou-
pons. They are removed from the reactor every two days in average and scanned. The reactor liquid
phase is also analysed with respect to nitrogen species (N-NH, and N-NO,) and dissolved carbon.
Figure 1 shows the variation of the average grey level and its standard deviation for three discs. From
the information extracted from such data, the phase length and the simultaneity of detachment
events can be studied.
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Figure 1: Evolution of biofilm in a long-term biodisc experiment.
[1] M.N. Pons, K. Milferstedt, E. Morgenroth, Biotechnology and Bioengineering, 2009, 103, 105.

[2] M. Alnnasouri, C. Lemaitre, C. Gentric, C. Dagot, M.N. Pons, Biochemical Engineering Journal,
2011, 57, 38.
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Solid-liquid interfacial phenomena, involved in the industrial implementation of any separation or
environmental technology, always occur under conditions of competition among the variety of ionic
or molecular species present in the system. From a fundamental viewpoint, it is highly inappropriate
to study the interfacial mechanisms only in the presence of a single solute in solution since the
competitive phenomena do not necessarily follow the same reaction patterns. Concerning the solid
sorbents available from commercial sources or produced in laboratories, their properties inferred
from tests carried out under ideal conditions rarely reflect their behaviour in real multi-component
systems. One of the interesting research possibilities is to study the competitive interactions of va-
rious solutes either between themselves in bulk solutions or with the solid surface. Direct measu-
rements of the thermal effects in such systems by calorimetry can provide important indications of
the mechanisms involved. Of course, calorimetry alone is not capable of solving satisfactorily many
detailed problems concerning the resulting phenomena and, therefore, calorimetric measurements
have to be supplemented by other experimental studies reported on the system so as to obtain a
more complete description.

Some examples of the use of titration calorimetry to study the competitive interactions between
different heavy metal cations or between a heavy metal cation and an organic solute in agueous so-
lution and at the solid-water interface will be presented. The plots of the enthalpy of displacement
vs. amount adsorbed, or those of the enthalpy of dilution vs. solution composition, will be compared
between single-solute and multi-component systems. The comparative adsorption studies will be
also illustrated by taking into account the individual and composite sorption isotherms of the solutes
analysed here. All these results will be discussed to emphasize the advantages of the calorimetric
approach in studies of the competitive interfacial mechanisms.
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Heavy metals contamination of water resources and soils is of great concern as it poses not only
severe risks to humans, but also potentially unacceptable ecological risks to plants,

animals and microorganisms. Swelling clays are considered to bring valuable issues for pollutants re-
moval [1]. The knowledge of their surface energy is found to give crucial information to understand
and predict the hydration properties and retention or transport mechanisms. In our study, the struc-
ture of montmorillonites saturated with heavy metals is determined using molecular simulation. The
surface energy is then estimated using electrostatic calculations as already applied for homoionic
montmorillonites substituted with alkaline cations [2]. Finally, we compare the behaviour of mont-
morillonites saturated by either heavy metals or alkaline cations [3] and try to predict the hydration
properties [4].

[1] C. Volzone, 2004, Removal of Metals by Natural and Modified Clays, in « Clay Surfaces : Fun-

damentals and Applications » by F. Wypych and K.G. Satyanarayana (Editors), Elsevier, Academic
Press.

[2] J.M. Douillard, F. Salles, S. Devautour-Vinot, A. Manteghetti, M. Henry J. Colloid Interf. Sci. 2007,
306, 175.

[3] F. Salles, O. Bildstein, J.M. Douillard, M. Jullien, H. Van Damme J. Phys. Chem. C 2007, 111,
13170.

[4] F. Salles, J.M. Douillard, O. Bildstein, H. Van Damme Applied Clay Sci. 2011, 53, 379.
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Conservation and reclamation efforts to ensure beneficial use of mining areas are a social and en-
vironmental necessity. Remediation strategies must establish soil productivity as a self-sustaining
ecosystem, but also the capability of remediated soil to cope with organic pollutants. Addition of
amendments is considered an appropriate strategy to enhance the retention of organic pollutants,
such as pesticides, reducing their transport by leaching or runoff processes.

Soil from Riotinto mining area (SW Spain), with pH 2.4 and 1.4% of organic carbon (OC), was limed
to rise soil pH to physiological values, and added with sewage sludge (2, 5 and 10% w:w) from three
different treatments: air-dried stabilized (SSL), composted (CSL) and composted with prune wastes
(CLV). The soil was incubated at 40% field capacity for 2 months. The incubated amended soil was
used to evaluate pesticide sorption with the batch technique by using mixtures of thiacloprid (THC)
(insecticide, log K 1.26) and fenarimol (FEN) (fungicide, log K_,3.69) at a single concentration (5
mg/L). Sorption distribution coefficients representing pesticide distribution between soil and liquid
phases (K, mL/g), soil solution properties (pH, electrical conductivity, Abs, HIX) and selected soil
properties were determined to help in data interpretation.

THC sorption (K,) ranged between 1.2 and 3.9 mL/g, while that of FEN oscillated between 6.0 and
35.1 mL/g, in accordance with their physicochemical properties. Addition of a liming agent induced
for both compounds a decrease in their sorption, likely due to a change in the charge characteristics
of soil OC with increasing pH [1], as confirmed by the HIX values. The adsorption increased with
amendment dose and with the nature of the amendment, ranged as SSL > CLV > CSL.

Pesticide sorption was significantly correlated with soil OC (rFEN = 0.857, rTHC = 0.746). The evalua-
tion of soil solution properties indicated that absorbance at different wavelengths was higher for SSL
than for the other two composted amendments, while HIX values were the lowest, confirming that
SSL was the less humified sludge.

Thus the addition of organic amendments to degraded soils, such as those from mining areas, should
be selected taking into consideration not only soil fertility, but also soil ability to protect the under-
lying saturated zone from organic pollution. Addition of SSL from urban treatment plants resulted in
enhanced pesticide retention, in comparison with both composted sludges.

Thanks to Proyecto de Excelencia, Junta de Andalucia (P10-RNM5814). JAR-L thanks CSIC for a JAE-
Pre grant, co-financed by ESF.

[1] D.P. Oliver, R.S. Kookana, R.B. Salama Aust. J. Soil Res. 2003, 41, 847
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Zeolite is known as a catalyst or an adsorbent, and has been used in various applications. The fabri-
cation of zeolite is extremely important for its applications. Especially, honeycomb morphology has
recently attracted great attention from its low pressure drop and short diffusion length. However,
it is extremely difficult to fabricate zeolite in honeycomb morphology. The authors have applied
ice-templating, which consists of so-gel polycondensation, unidirectional freezing of hydrogels and
freeze drying, to the synthesis of silica-
lite monolith [1]. In this work, the high-
strength zeolite monolith is synthesized
by ice-templating and steam-assisted
crystallization (SAC) by using a structu-
re-directing agent (SDA).

Fig. 1 SEM images of precursor silica gel [a] and
sample after crystallization [b]. Inset image in
[b] is magnified view of synthesized particulate
crystal.

The precusor silica gel was prepared by applying the ice-templating to the hydrogels synthesized
from colloidal silica. The zeolite monolith with three-dimensionally interconnected macropores was
synthesized by SAC of the precursor silica gel by using tetrapropylammonium hydroxide as SDA.
The zeolite monolith has the continuous macropores, and the surface of these macropores is den-
sely covered with silicalite-1 crystals as shown in Fig. 1. Silicalite-1 crystals have a well ordered micro-
porous structure. Since the macropores, which were formed by ice-templaing, are directly connec-
ted to the micropores of the synthesized silicalite-1 crystals, the synthesized zeolite monolith have
the hierarchical structure of macropores and micropores. The BET surface area of zeolite monolith
increases up to 355 m?/g by the steam-assisted crystallization, and the samples with crystallinity
beyond 90 % has high compressive strength of 5-12 MPa. The zeolite monolith shows low pressure
drop, and the pressure drop of the sample is one-twentieth of that of the packed-bed of particles.

[1] H. Mori, K. Aotani, N. Sano and H. Tamon, J. Mater. Chem. 2011, 21, 5677.

147



Eﬁ Session C: Interfacial Processes PC23
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In this work, several activated carbons were prepared by the activation of the olive stones by various
rates of ZnCl, [1]. The activated carbon CA3 is treated by nitric acid solution with differents concen-
tration [2]. The results obtained show that the porous texture of the activated carbon is all the more
developed that the rate of the activating agent (ZnCl,) is higher; as example, the specific surface, de-
termined by method B.E.T., of the CA3 reaches the value of 1860 m?/g. For oxidized carbons, the sur-
face area and the enthalpy of immersion are decrease when the concentration of HNO, increases.
The adsorption of phenol on various coals showed us that the phenol adsorption capacity is faster in
the following order: CA3 > COx1> COx2. The fixing of the functions of surface obstructs the diffusion
of the molecules of phenol with in internal porosity. This diffusion is all the more important as the
number of these functions increases (case of COx2).

Key words: enthalpy of immersion, activated carbon, adsorption, phenol.
[1] M.Z . Hussein, R.S.H. Tarmizi, Z. Zainal, R. Ibrahim Carbon 34 1996, 11, 1447-1454.

[2] D. Lozano-Castello, M.A . Lillo-Rodenas, D. Cazorla-Amoros, A.Linares-Solano (), Carbon 39
2001,5, 741-749
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Modeling of radionuclide bindings by deep groundwater humic substances (HSs) is essential for as-
sessing effects of HSs on migration of radionuclides in geological disposal system of high level ra-
dioactive waste. The Non-ldeal Competitive Adsorption (NICA)-Donnan model of which generic pa-
rameters have been prepared [1, 2] is one of the most useful models for the modeling of metal-ion
bindings by HSs in a variety of solution conditions. However, its application can be limited depending
on the origins of HSs used for the generic parameters. In previous study, we have shown that the
NICA-Donnan model can successfully simulate the Eu solubility in the presence of Aldrich humic
acid (HA), but not in the presence of the deep groundwater HSs in Horonobe area, Hokkaido, Japan
[3]. This disagreement between the experiments and the simulations could be due to the difference
between generic and specific parameters, because the model parameters can depend on the struc-
tural characteristics of HSs. Thus, the generic parameter needs to be modified for better modeling of
metal-ion bindings by HSs in a given environment. In this study, to modify the generic parameters,
specific proton binding parameters of the deep groundwater HSs in Horonobe area were used ins-
tead of the generic proton binding parameters, and its effectiveness was investigated on the basis
of comparison between experimentally obtained Eu®* binding data and simulations using the new
parameters.

Based on the comparison between experiments and simulations, it was found that the application
of the specific proton binding parameters improved the applicability of the NICA-Donnan model
for the modeling of Eu®* bindings by the deep groundwater HSs. In particular, Eu** bindings by deep
groundwater fulvic acid (FA) as a function of pH at different ionic strengths were successfully simu-
lated by the NICA-Donnan model using the specific proton binding parameters. This indicates that
the application of specific proton binding parameters can successfully improve the description of
the competitive reaction with proton and electrostatic interaction in the Eu** binding by the deep
groundwater FA. On the other hand, for the deep groundwater HA the application of specific proton
binding parameters had limited effectiveness against the optimization. This indicates that characte-
ristics of binding sites for deep groundwater HA may be different from those of general HA that is
described by the generic parameters. Therefore, specific metal-ion binding parameters should be
used for the modeling of radionuclide bindings by the deep groundwater HA.

[1] C.J. Milne, D.G. Kinniburgh, E. Tipping Environ. Sci. Technol 2001, 35, 2049.

[2] C.J. Milne, D.G. Kinniburgh, W.H. van Riemsdijk, E. Tipping Environ. Sci. Technol 2002, 37, 958.
[3] M. Terashima, M. Okazaki, K. lijima, M. Yui Mineralogical Magazine 2011, 75, 1999.

This study was partly funded by the Ministry of Economy, Trade and Industry of Japan.
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Climate change and energy shortage have drawn much more attentions. Carbon dioxide is believed
to be the largest contributor to greenhouse efforts [1]. So the work on the viable usage of carbon
dioxide as carbon source for useful fuels in the framework of attempts to lessen emissions of carbon
dioxide into atmosphere is urgent. Much research has been made on the electrochemical reduction
of carbon dioxide, because it not only decreases the amount of carbon dioxide, but also produces a
variety of useful organic compounds [2]. Pd/multi-walled carbon nanotubes (MWNTs) catalysts for
conversion of CO, to organic acids were prepared by glycol reduction, and characterized by fourier
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM)
and cyclic voltammetry (CV) technology. The amorphous structure Pd particles with an average size
of 9.17 nm were highly dispersed on the surface of carbon nanotubes. The electrochemical reduc-
tion of CO, was investigated in a diaphragm electrolysis device, using Pd/MWNTs gas-diffusion elec-
trode as a cathode and a Ti/IrO,/Ru0, net anode. The main products in present system were formic
acid and acetic acid identified by ion chromatograph. High electrocatalytic activity of Pd/MWNTs for
the CO, conversion appeared. The maxium faradaic efficiencies of fomic and acetic acid formed on
the Pd/MWNTs gas-diffusion electrode at 4 V under CO, 1 atm were 21.6 and 42.3%, respectively, in
0.5 and 0.8 mol L* KHCO.,.

PA/MWNTs

2Theta/degree

Fig. 1. XRD pattern of MWNTs and Pd/MWNTs catalysts.

[1] T. Andrews, M. Doutriaux-Boucher, O. Boucher. Clim. Dynam. 2011, 36, 783.
[2] C. W. Jones, J. Annu. Rev. Chem. Biomol. 2011, 2, 31.
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TYLOSIN SORPTION AND THERMODYNAMICS ON MINERALS

Zhang Q.}, Guo X.T.}, Yang C.**

1College of Environmental Science and Engineering, South China University of Technology, Guangzhou, China
510006

cyanggz@scut.edu.cn

Tylosin (TYL), as an organic base with pK, value of 7.1, is positively charged in acidic solution and
neutral under alkaline conditions. Hence, mineral is considered to affect its environmental beha-
vior. Previous study about tylosin sorption on soil, shown that tylosin sorption was positive relation
with the clay content of soils. Therefore, the purpose of this study was to primarily investigate the
sorption characters on minerals at different temperatures. In this study, montmorillonite, kaolinite,
and goethite were chose as the sorbents on base of the mineral composition of the study soils. The
completely mixed batch reactor (CMBR) systems were used in the experiment. Sorption isotherms at
different temperature were measured under a range of solution condition. Freundlich isotherm mo-
del was used to fit the sorption data. The result showed that all of the sorption isotherms were nonli-
near. The sorption capacity followed the order of montmorillonite > Goethite > kaolinite. The surface
charge, surface area and activity of hydroxyl could explain the distinction among the three minerals.
Thermodynamics of sorption can be concentration-dependent. However, the current approach ob-
tains thermodynamic information by conducting sorption experiment only at a single concentration
point, which may be of limited used. As a result, thermodynamic parameters at different concen-
tration were discussed in this study. Analysis of the thermodynamic parameters showed that tylosin
sorption on three minerals was spontaneous, thermodynamically favorable, and exothermic. The
site energy distribution indicated that the sorption sites with lower site energies were more hetero-
geneous. Temperature may affect the sorption site heterogeneity because of the different structure
of minerals.
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PHYSICOCHEMICAL DYNAMICS OF AQUATIC NANOPARTICULATE METAL COMPLEXES
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Recent progress in our understanding of the chemodynamics of aquatic metal complexes with nanoparticu-
late and colloidal complexants is evaluated and put in perspective.

The basic steps in the complex formation process, i.e. diffusion of the reactants to form ion pairs and the
eventual inner-sphere complex formation, are revisited and further developed for particles with or without
electric charge. In the nanoparticulate size range, we pay special attention to the case of environmental ful-
vics for which the electrostatic and electrodynamic effects are generally large. Complexation of metal ions
with the larger soft and/or hard colloidal ligands is characterized by low rates of diffusive reactant metal ion
transport. The complex formation/dissociation rate constants can be shown to decrease with increasing par-
ticle radius, thus giving rise to longer equilibration times and lower labilities.

A peculiar feature of negatively charged nanoparticulate ligands is that complexing metal ions not only react
with binding sites but also accumulate at the particle surface (hard case) or inside its body (soft case). For
ionic strengths where the Debye length is similar to the particle radius, the extraparticulate part of the electric
particle/medium double layer hosts a significant part of the particle-associated metal ions. This has conse-
guences for the magnitude of the rate of inner-sphere complex formation with sites inside the particle body.
Another feature of charged nanoparticulate ligands is that they significantly modify the rate of diffusion of
ions to/from the particle body. For negative charges, the diffusion of positive metal ions towards the particle
is enhanced by a conductive acceleration, the extent of which depends on the magnitude and extension of
the electric field generated at the particle/medium interface. By elaborating on a classic approach of rates of
ionic reactions by Debye, a quantitative theoretical analysis for this acceleration by dispersed particles has
recently been proposed. Implementation of the various ideas in the interpretation of experimental complexa-
tion data for colloidal and nanoparticulate complexes is still in its childhood.
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Natural colloids in subsurface environments can mediate the migration of contaminants as carriers [1, 2].
Our understanding on such colloid-mediated transport of contaminants is, however, limited to shallow un-
derground environments. Deep underground, which is suitable for geological disposal of nuclear wastes,
possesses rather different chemical and biological environments from those of earth’s surfaces or shallow
undergrounds. Thus, colloids in deep groundwater are likely to be different as well, although our knowledge
on which components of given groundwater mediate the migration of contaminants and how they do it is still
premature, largely because of limited availability of deep groundwater samples.

In this study, groundwater samples collected at -300 m below ground level were analyzed with respect to the
size distributions of colloids and their elemental compositions by field-flow fractionation (FFF) and inductively
coupled plasma mass spectroscopy (ICP-MS). The sampling site was the Mizunami underground research
laboratory operated by the Japan Atomic Energy Agency [3]. The basic geology around the sampling location
was fractured granite rocks and the groundwater was Na-(Ca)-Cl type having pH around 9. The size distribu-
tions of organic colloids after FFF fractionation were measured by online UV/Vis and fluorescence detectors
and those of inorganic elements by ICP-MS connected to the outlet of the fluorescence detector. Major ele-
ments such as Al and Fe together with organic colloids were considered as host colloidal phases. Meanwhile,
trace elements such as heavy metals, lanthanides and actinides were considered as guest constituents of the
colloids. The correlation of the size distributions between the major and trace components was used to elu-
cidate the roles of deep groundwater colloids as carriers of trace elements.

Organic colloids detected in a groundwater sample exhibited a narrow size distribution around 2 nm. Various
inorganic elements were detected below 40 nm, a part of which had similar size distributions as those of the
organic colloids (Zn?* and Cu?*). Based on the correlation between the size distributions, Sr** was found to be
associated with Ca*, probably forming solid solution in CaCO,. It was also shown that the size distributions of
lanthanide elements correlated with that of AP**and that uranium (either as UO,* or U*) and Th* existed in
the same size ranges as either organic colloids or Al**. Similar results were obtained for the other groundwater
samples collected nearby, suggesting that certain colloids such as organic colloids, calcite and colloids contai-
ning AI** served as carriers of the trace elements in the investigated groundwater samples.

[1] J.F. Mccarthy, J.M. Zachara Environ. Sci. Technol. 1989, 23, 496.

[2] A.B. Kersting, D.W. Efurd, D.L. Finnegan, D.J. Rokop, D.K. Smith, J.L. Thompson Nature 1999, 397, 56.
[3] T. lwatsuki, R. Furue, H. Mie, S. loka, T. Mizuno Appl. Geochem. 2005, 20, 2283.
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When Fe?" is oxidized in nature at neutral pH, ferrihydrite precipitates and generally forms micron-sized ag-
gregates. Such coarse particles settle down in aqueous phase and reduce the mobility of Fe and that of asso-
ciated species, e.g. nutrients like P and contaminants like As. However, a proceeding ferrihydrite aggregation
was interrupted under conditions that can be expected at anoxic-oxic interfaces in soils, which resulted in
the formation of nano-sized, dispersed ferrihydrite aggregates. These ferrihydrite colloids from soil-derived
solutions effectively bind As [1] and are readily dissolved by microbial Fe(lll)-reduction [2]. Consequently, the
occurrence of ferrihydrite colloids affects the activity and reactivity of soils and the elemental cycling within
soils. The present study focuses on size, composition, structure and surface properties of the ferrihydrite col-
loids and the relation between those properties and the composition of the soil-derived solution from which
the colloids had precipitated.

Soil columns were filled with material from the topsoil horizons (Ah, Ap) of a gleyic Fluvisol and stagnic Lu-
visol, respectively, and operated under water-saturated conditions. The respiration of soil microorganisms
induced anoxic conditions within the soil columns and consequently the accumulation of Fe(ll) in the soil
solution owing to the reductive dissolution of pedogenic Fe oxides. The column effluent was re-aerated after
its discharge resulting in the oxidation of Fe(ll) and the precipitation of Fe oxides. With the exception of a low
ionic influent (103 M NaCl), nothing further was introduced into the soil columns. Thus, the observed proces-
ses in the soil effluent can be expected to occur at anoxic-oxic interfaces in the (soil) environment. Méssbauer
spectroscopy and XRD revealed the formation of poorly ordered ferrihydrite. Its crystallization was disturbed
by (in)organic species that have associated with ferrihydrite. FTIR spectroscopy pointed to mainly polysac-
charides, carboxyls, proteins and aromatics as available organic compounds. The aggregation decreased with
decreasing effluent ionic strengths and higher organic carbon/Fe ratios. Dynamic light scattering revealed
aggregate sizes as low as 50 nm, which was confirmed by AFM and SEM. The size of these ferrihydrite nanoag-
gregates remained constant for at least several weeks. Independent of actual dimensions, similar physical
properties of the aggregate surfaces were detected.

This study demonstrated the reproducible, long-term stabilization of ferrihydrite colloids in complex solutions
derived from various topsoil horizons. The soil cation exchange capacity and the amount of water-soluble
organic matter in relation to the amount of microbially available pedogenic Fe oxides determine the intensity
of ferrihydrite aggregation and therefore the size of its aggregates.

[1] A. Fritzsche, T. Rennert, K.U. Totsche Environ. Pollut. 2011, 159, 1398-1405.

[2] A. Fritzsche, J. Bosch, T. Rennert, K. Heister, J. Braunschweig, R.U. Meckenstock, K.U.
Totsche Geochim. Cosmochim. Acta. 2012, 77, 444-456.
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MS2, Qb and GA phages of diameter 20-30 nm belong to the Leviviridae family) and are classically used as
model systems to describe the fate of pathogenic enteric viruses in the environment. These particles are
paradigms of soft bioparticles because their structure consists of three permeable concentric and charged
layers that differ in composition: a bulk RNA region, an RNA protein-bound layer, and a proteic capsid that
forms the outer shell of the virus. The determination of the commonly named ‘surface properties’ of viruses
is crucial for understanding their adhesion onto biotic or abiotic substrates or their stability with regard to
aggregation processes. Such analysis should at least allow the estimation of the charge carried by the viruses
as well as their hydrophilic/hydrophobic balance. In this context, the sole consideration of isoelectric point
of viruses and the use of standard DLVO model were shown to be of limited applicability for e.g. explaining
the adhesion/aggregation properties of viral particles. In particular it was evidenced that internal RNA has a
significant impact on the electrokinetic properties and on the aggregation of the phages (Dika et al. 2011).
The permeability of phages to external flow should be taken into account to quantitatively estimate the level
of global charge carried by the virus from electrophoretic mobility measurements. Soft particles concept was
therefore applied to define the electrokinetic properties of different bacteriophages (Langlet et al. 2008a) and
no significant difference was found for estimated charge and permeability of the three kinds of bacteriopha-
ges of concern. Different approaches for evaluating the hydrophobicity of particles evidenced the following
hydrophobicity sequence, MS2<Qb<GA phages (Langlet et al. 2008b) where ‘<’ means ‘less hydrophobic than’
Differences in the hydrophilic/hydrophobic balance between the phages highly impacted their behavior du-
ring a water treatment by coagulation-flocculation and ultrafiltration (Boudaud et al. 2012) and was further
found to govern their adhesion onto different surfaces defined by various roughness and hydrophobicity
degrees.

References :

Boudaud N., Machinal C., David F., Fréval-Le Bourdonnec A., Jossent J., Bakanga F., Arnal C., Jaffrezic M.P.,
Oberti S., Gantzer C. (2012) Removal of MS2, QB, and GA bacteriophages during drinking water treatment at
piolot scale. in submission

Dika C., Duval J.F.L., Ly H.M., Merlin C., Gantzer C. 2011. Impact of internal RNA on aggregation and electroki-
netics of viruses: a comparison between MS2 and corresponding VLPs. Applied and Environmental Microbio-
logy. 14: 4939-4948.

Langlet J., Gaboriaud F., Gantzer C., Duval J.F.L. 2008a. Impact of chemical and structural anisotropy on the
electrophoretic mobility of spherical soft-multilayer particles: the case of bacteriophage MS2. Biophysical
Journal 94: 3293-3312.

Langlet J., Gaboriaud F., Duval J. F. L., Gantzer C. 2008b. Aggregation and surface properties of F-specific RNA
phages: Implication for membrane filtration processes. 498 Water Research. 42: 2769-2777.
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Humic substances (HS) are natural heterogeneous complexants that are ubiquitous in soils and natural wa-
ters. They range in size from oligoions (fulvic acid) with radius of order 1 nm, to small permeable nanoparti-
cles (humic acid), with radius of a few nm. HS carry a significant negative charge at ambient pH and they are
important complexants of metal ions in the environment. A characteristic feature of HS is their heterogeneity
which gives rise to distributed thermodynamic and kinetic properties. For predictions of the dissociation rate
of metal complexes with HS (and ensuing lability at a given timescale), the usual approach is to assume that
the rate of association is invariant and limited by the rate of metal dehydration. However, this assumption
yields dissociation rate constants that are significantly greater than those determined experimentally.

New insights into the chemodynamics of metal ion complexation by HS are obtained by application of recent-
ly developed theory for permeable charged nanoparticles [1-3]. Two opposing electric effects are operational
with respect to the overall rate of association, namely (i) the accelerating effect of the negative electrostatic
field of the humic particle on the diffusive transport of metal ions towards it, and (ii) the extent to which metal
ions accumulate in the negatively charged particle body as determined by the ionic Boltzmann equilibration
with the medium. To identify the rate-limiting step in the metal-humic complex formation process, theore-
tical values of the rates of outer-sphere and inner-sphere complexation are compared with those derived
from measurements of the thermodynamic stability constant (K) and the dissociation rate constant (k ). For
the case of rapidly dehydrating metal ions, e.g. Cu(ll), the experimentally derived association rate is in good
agreement with the theoretical rate of outer-sphere association, in contrast with the general assumption that
inner-sphere dehydration is the rate-limiting step in metal-humic complexation. Furthermore, the association
rate is found to be practically independent of the degree of metal ion complexation, which confirms previous
assumptions that the distribution in K is reflected in that of k . The results are highly significant for interpre-
tation of chemodynamics of metal complexation by HS.

[1] H. P. van Leeuwen, R. M. Town, J. Buffle Langmuir 2011, 27, 4514.

[2] J. F. L. Duval, H. P. van Leeuwen J Phys Chem A 2012, in press. DOI: 10.1021/jp209488v
[3] H. P. van Leeuwen, J. Buffle, R. M. Town Langmuir 2012, in press. DOI: 10.1021/1a203602y
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MECHANISMS OF FORMATION AND REACTIVITY OF IMOGOLITE TYPES MATERIAL
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Reactivity of nanoparticles represents a central issue for many laboratories around the world. Among many
supported efforts the control of the morphology of nanoparticles is motivated by the fact that morphology
strongly influence the properties of the final products. Among the vast family of available nanoparticles, imo-
golite is a clay nanotube for which perfect control of the diameter is possible. Imogolites were first observed
in volcanic soils[1]. They are natural aluminosilicate nanotubes having the general formula (OH)3AI203SiOH
with a 2 nm external diameter and up to micrometers in length. The impressive monodispersity in imogo-
lite nanotube diameter has motivated research on their formation mechanism. Synthesis protocols to pro-
duce imogolite were quickly developed. Farmer et al. were the first to obtain synthetic imogolite using low
concentrations of AICI, and SiO, monomers as starting materials (millimolar concentrations of the reagents)
[2]. However, the production of large amount of imogolite or imogolite type materials remained challenging
for long time. We will present our most recent results concerning the possibility to produce imogolite type
materials from highly concentrated stock solutions. We will also detail the possibility to form double wall Al-
Ge nanotubes and the different stages of their formation [3-7]. We will then detail the surface reactivity of
these nanotubes toward metals at he lab scale as well as in natural soil.
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ATOMIC FORCE SPECTROSCOPY
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Adhesion of bacteria plays an important role in the biocolonization of biotic and abiotic surfaces. The resulting
formed biofilms represent important financial losses e.g. in water treatment industry, and further potentially
constitute a major risk to public health. Several studies have evidenced that the propensity of bacteria to
deposit onto surfaces and form biofilm is intimately connected to their nanoscale surface properties (surface
structure, electrohydrodynamics, hydrophobic/hydrophilic balance, etc). These properties are also known to
impact interfacial processes where bioparticles are involved, e.g. polymer-mediated bioflocculation in waster
water sludge treatment, response to osmotic stresses or resistance to antibacterial molecules. In this context,
atomic force microscopy (AFM) has become a powerful tool for investigating at the nanoscale, surface forces,
mechanical properties of deformable particles like bacteria, biomolecular interactions, kinetics and dynamics
of complex biointerfacial processes. In this presentation, we exposed the potentialities of this technique for
analyzing the physico-chemical properties of bacterial surfaces and biofilms via the explcit discussion of three
case studies. (i) We evidenced the formation of a conditioning layer with an increase of hydrophobic forces
during drinking water biofilm formation [1] and the latter is mainly composed of layered bacterial aggregates.
The elastic modulus of such biomaterials we estimated to 200-5000 kPa and the mechanical detachment
occurred generally for shear stress of about 100 kPa for agregates volume greater than 200 pm?3[2]. (ii) We
investigated the impact of polyethyleneimine on Shewanella oneidensis MR-1 lacking or not the lipopoly-
saccharide (LPS) O-antigen surface structure during flocculation tests [3]. (iii) We studied the influence of
external bacterial cell wall structures (short and rigid Ag43 adhesins, longer and more flexible type 1 fimbriae
and F pilus) on the physicochemical properties when Escherischia coli cells were subjected to an osmotic and
ionic stress [4-5].

[1] Y. Abe, P. Polyakov, S. Skali-Lami, G. Francius Biofouling 2011, 27, 739.

[2] Y. Abe, S. Skali-Lami, J.C. Block, G. Francius Water Res. 2012, 46, 1155.

[3] M.E.M. Krapf, B.S. Lartiges, C. Merlin, G. Francius, J. Ghanbaja, J.F.L. Duval Water Res. 2012, 46, 1838.
[4] G. Francius, P. Polyakov, J. Merlin, Y. Abe, J.M. Ghigo, C. Merlin, C. Beloin, J.F.L. Duval PLoS One 2011, 6,
€20066.

[5] P. Polyakov, C. Soussen, J. Duan, J.FL. Duval, D. Brie, G. Francius PLoS One 2011, 6, €18887.
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Microbial iron reduction is a major process in groundwater ecosystems and often associated with the de-
gradation of organic contaminants. Yet the high crystallinity and low solubility of iron oxides leads to slow
reduction kinetics. In contrast, natural iron oxide colloids are highly reactive due to the large specific surface
area and their association with natural organic matter (NOM). Occurrence of organic ligands (e.g. citrate) in
soils, excreted by plant roots under iron deficiency, leads to iron oxide dissolution and therefore to a higher
bioavailability of iron.

The objective of this work was to compare the reactivity of natural ferrihydrite colloids with synthetic ferri-
hydrite colloids and macroaggregates. In abiotic experiments the dissolution processes of synthetic ferrihy-
drite by dissolved Na3-citrate were investigated. Anaerobic reduction experiments with G. sulfurreducens and
synthetic ferrihydrite were performed to asses the impact of dissolved Na3-citrate on microbial iron oxide
reduction.

The rate of microbial reduction of natural colloids (50.9 uM h!) was two orders of magnitude higher than
compared to pure synthetic ferrihydrite colloids (0.8 uM ht). When synthetic colloids were coprecipitated
with citrate, iron reduction was accelerated to rates in the range of natural colloids (12.1 uM h™!). Low reduc-
tion rates of pure ferrihydrite colloids were attributed to the fast aggregation and loss of colloidal properties.
Abiotic incubation with ferrihydrite macroaggregates and Na,-citrate at pH 6.5 proved the partial disintegra-
tion of ferrihydrite due to chelation of ferric iron. The production of colloids with hydrodynamic diameters
between 610 (+147) nm and 105 (x6) nm from the macroaggregates was confirmed. This led to a 7-fold in-
crease of microbial reduction rates.

We conclude that steric stabilization of colloidal ferrihydrite by organic acids, a possible colloid production
from corresponding macroaggregates, and chelation of iron strongly enhances microbial iron oxide reduc-
tion.
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NEUTRON DIFFRACTION IN EARTH AND ENVIRONMENTAL SCIENCES

Cuello Gabriel

Institut Laue Langevin, 6 rue Jules Horowitz, 38042 Grenoble, France

cuello@ill.eu

The increasing world population density, together with global urbanisation and industrialisation are putting a
real strain on the planet and the environment. To keep on growing and prospering, or simply maintain a livea-
ble standard of living, countries need to minimise this strain and protect their environment. Neutrons, thanks
to their multiple applications and the tremendous capabilities for analysis that they offer, can contribute to
the development of clean technologies and processes. They can also provide much needed insight into Earth
processes and the properties of rocks and minerals.

Neutrons can be applied to several fields of Earth sciences. They provide a unique tool for the understanding
of both surface and deep Earth processes. In the former case, which is dominated by the effects of water, the
sensitivity of neutrons to hydrogen allows precise measurements to be made of the structure, synthesis and
dynamics of hydrous mineral phases. In the latter case, which utilises the penetrating power of neutrons to
study large volume samples coupled with the sensitivity of neutrons to light atoms, the field can be subdivi-
ded into either petro-physics, the understanding of the properties of rocks at high temperatures and pres-
sures, or mineral physics, the detailed study of the individual constituent mineral phases. In space, neutrons
can help detect water on planets and also make possible the study of comet cores via earth hydrates and the
study of meteorites via earth ice.

Neutron diffraction can also contribute to atmospheric science and the study of ice crystals in clouds, and
give valuable insight into the role of clouds in global warming. Neutrons have their role to play in the battle to
minimise carbon emissions. One area in particular is in the manufacture of cement, which contributes 5-7%
of man-made (and 4% of total global) CO, emissions. Neutron scattering techniques can help understand the
process of cement aging — and thereby help to extend the lifetime of cement. This will in turn reduce overall
cement production requirements and the carbon emissions it engenders. Small angle neutron scattering can
also be used to analyse materials for carbon capture and storage, another way to reduce CO, emissions into
the atmosphere. Research into alternative energy sources can also benefit from neutron scattering techni-
gues: hydrogen storage, solar cells are only a few of the technologies that neutrons are contributing to deve-
lop.

Neutrons scattering is helping scientists to fight pollution and develop environmentally friendly processes
that generate and release fewer contaminants into the environment. Neutron activation analysis and prompt
gamma activation analysis can provide information about rare elements and serve as a way to detect conta-
minants. Neutron reflectometry and neutron diffraction can help define the intrinsic nature of pollutants and
its relationship with the substance they are polluting. Neutrons are able reveal the short-range order of ions
sequestered in minerals like clays. In particular, when the clays are in contact with water neutrons can deter-
mine the hydration of these ions, a key element to determine whether the ions could be released in nature or
not. This is true for any pollutant, but it is particularly pertinent for actinides in nuclear repositories.

In this talk we will present several examples of the use of neutrons in environmental sciences in general,
but we will mainly focus in the neutron diffraction with isotopic substitution technique, extremely useful to
determine the short-range order of aquaions in confined systems. The pair distribution analysis will be also
introduced and discussed.
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Since the XIX century, a copper based-fungicide has been systematically used in vineyard to fight against dow-
ny mildew, a plant pathogenic fungus. This treatment has led to increase the total copper concentration in soil
due to its strong immobilisation by soil constituents. However, copper is also susceptible to be transferred to
soil solutions and surface waters notably by colloidal transport. Indeed, the colloidal fraction is recognised as
playing a key role in biogeochemical cycles of the trace elements (McCarthy, 1989). Particularly, it contributes
to copper diffuse pollution, leading to a potential risk for water quality and aquatic organisms. Consequently,
the characterization of colloidal phase in natural systems represents an important environmental as well as
analytical challenge regarding the variety in shape, size and dispersion mechanism of nanoparticles origina-
ting from soils.

In this study colloidal fraction from drain waters sampled in a wine-growing soil were characterised and colloi-
dal copper distribution determined by on-line Asymmetrical Flow Field Fractionation (As-FI-FFF) hyphenated
to several complementary detectors like Ultra-Violet (UV), light scattering (LS) and atomic mass spectrometry
(ICPMS).

The results obtained confirm the relevance of such investigation strategy to assess the colloidal copper forms
in the size continuum and thus better understand the fate of this element. Indeed, several colloidal popula-
tions with different nature and size are present in the media monitored. Copper appears linked to the organic
populations, which are also showed to have specific mobility, leading to facilitated mobilisation of copper
from soil to water. Additionally, considering the results the other soil constituents (such as Mn and Fe oxy-
hydroxides) also appear to play a role in the mobilisation and the transport of copper.

J.F. McCarthy, J.M. Zachara, Subsurface transport of contaminants, Environ. Sci. Technol, 23, 5, 1989
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DOM-AFFECTED TRANSFORMATION OF CONTAMINANTS ON MINERAL SURFACES
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The transformation of organic and inorganic contaminants by mineral surfaces significantly affects their envi-
ronmental behavior. Transformations such as redox reactions and hydrolysis of organic and inorganic contami-
nants on clay surfaces have been widely studied. However, the effects of dissolved organic matter (DOM) on
these reactions and transformations by mineral surfaces have not been extensively explored and reviewed.
This review analyzes the role of DOM in oxidation, reduction, hydrolysis and photochemical reactions of
contaminants occurring on mineral surfaces. DOM impact on the transformation of contaminants by minerals
manifests in three major processes: (i) competition of DOM for surface-active sites on the mineral surface;
(i) dissolution of minerals and exposing new surface sites on the mineral surface; and (iii) electron shuttling.
Most of the data suggest that DOM reduces oxidation and hydrolysis, and increases reduction of contami-
nants by minerals. Alternatively, mineral surfaces can enhance redox transformations of contaminants due to
interactions with DOM. DOM can serve as an electron-shuttling agent and thus increase reduction of conta-
minants due to the enhanced formation of surface-complexed Fe(ll). Reduced species of DOM or strongly
adsorbed low-molecular weight DOM containing aromatic components are responsible for this mechanism.
DOM impact on transformation of contaminants varies as a function of its molecular composition and chemi-
cal properties. In some cases, low- and high-molecular-size DOM components exhibited opposite influences
on the transformation of contaminants by minerals. In addition, adsorption and fractionation of DOM on the
mineral surface can also influence the contaminant-mineral interactions. DOM can also affect the photoche-
mical transformation of contaminants on mineral surfaces. DOM may play a dual role in the photochemical
degradation of contaminants by minerals: the adsorbed DOM can act as a scavenger of VB holes, thus de-
creasing the oxidative mechanism of minerals surface; alternatively, scavenging of VB holes by electron-rich
adsorbed DOM results in stabilizing electrons photo-promoted in CB and facilitating charge transfer reactions
and reduction of contaminants.

Based on the reviewed data, we conclude that the evaluation of DOM effects on contaminant transformations
in the DOM-mineral system needs to be based on the molecular-level structure and properties of the DOM
and its structural fractions. A clarification of the effects of the DOM fractions, which differ in molecular weight,
molecular structure, hydrophobicity and other properties, will advance our understanding of the mechanism
of contaminant transformation in a DOM-mineral system. In addition, we suggest that “natural DOM” should
be used to elucidate DOM impact on the mineral surface reactions and not dissolved commercial humic acids
which exhibit quite different chemical structure and properties. A comprehensive study of DOM impact on
the transformation of contaminants on mineral surfaces is needed to elucidate contaminant environmental
behavior and to develop better remediation technologies.
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Iron oxides and hydroxides are widely present in nature and nano-particles of iron minerals are distributed
throughout the atmosphere, oceans, groundwater, surface waters, soils, in and/or on most living organisms.
In this paper the method is modified by using ascorbic acid instead of Fe(ll). Ascorbic acidcan catalyze the
reduction of Fe(lll), already present in the reaction mixture, to Fe(ll). The conditions under which ascorbic
acidstrongly catalyzes the hematite preparation turn out to be a molar ratio ascorbic acid/Fe(lll) of 0.5 to
2%. The molar ratio determines the morphology, which ranges from nearly spherical particles with a smooth
surface to spindle type particles with a rough surface. The specific surface area of the spherical and ellipsoidal
particles is very similar but that of the spindle type particle is substantially larger. The catalytic activity of the
synthesized particles is tested by the enhanced degradation of methylene blue in solution. The a-Fe,0, sam-
ples catalyze the degradation of methylene blue in the order spindles >>spheres > ellipsoids.
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Outside their host cells, viruses are inert particles. Therefore, the dissemination and fate of viruses in aquatic
media or their removal by water treatment process is mainly defined by their surface properties. In the speci-
fic context of water treatment, the F-specific RNA phage MS2 is classically proposed as a surrogate to evaluate
the performance of pathogenic virus removals following various protocols, e.g. sand filtration, membrane
or coagulation/flocculation. This phage is a soft (i.e. permeable) particle that consists of three concentric
layers that differ in composition: a bulk RNA region, a RNA protein-bound layer, and a proteic capsid forming
the outer shell of the virus. Recent studies have established that the electrokinetic properties of this phage
were consistent with those predicted for soft, multilayered particles (Langlet et al., 2008). Accordingly, it was
evidenced that internal structure of viruses affects their interfacial properties and thus their propensity to
aggregate.

Our investigation of electrokinetic and aggregation properties of MS2 phages as a function of pH and ionic
strength and those of their corresponding VLPs (capsid without genome) confirmed the significant impact
of viral genome (Dika et al., 2011). In particular, we observed a major difference between the ionic-strength
dependence of electrophoretic mobilities for MS2 and corresponding VLPs, which reflects their different elec-
trostatic and flow permeability properties in line with the theory developed by Langlet et al. (2008). In ad-
dition, there is a significant aggregation of MS2 viruses at pH values corresponding to their isoelectric point
and lower (pH < 3.9), and no aggregation is detected for pH > 4 regardless the salt concentration. For VLPs,
the situation is significantly different. VLPs aggregation is indeed only observed at their isoelectric point (pH
= 3.5) and under low ionic strength conditions while stable VLPs suspensions are obtained under high-elec-
trolyte concentration (100 mM NaNO,). The recent analysis by Nguyen et al. (2011) does not confirm these
observations but a different method of virus purification and VLPs synthesis was adopted. The impact of
purification methods on viral surface properties then becomes a matter of concern and as such should de-
serve closer investigation. We therefore compared the electrokinetic and aggregation features of MS2 and
VLPs purified according to three different protocols (dialysis, cesium chloride gradient associate with dialysis
and PEG method). As expected, results showed that the adopted purification method significantly impacts
the occurrence or not of virus aggregation since higher purification of MS2 phages result in the absence of
aggregation at lower pH. Nevertheless, a major difference remains between the electrokinetic properties of
MS2 and corresponding VLP as measured as a function of salt concentration. This means that VLPs may not
be suitable model systems for predicting behavior of pathogenic viruses, mainly because of the significant
impact of the internal genome on the overall physicochemical properties of viruses.

Langlet )., Gaboriaud F., Gantzer C., Duval J.F.L. 2008. Impact of chemical and structural anisotropy on the electrophoretic
mobility of spherical soft-multilayer particles: the case of bacteriophage MS2. Biophysical Journal 94: 3293-3312.

Dika C., Duval J.F.L., Ly H.M., Merlin C., Gantzer C. 2011. Impact of internal RNA on aggregation and electrokinetics of
viruses: a comparison between MS2 and corresponding VLPs. Applied and Environmental Microbiology. 14: 4939-4948.
Nguyen T.H., Easter N., Guttierrez L., Huyett L., Defnet E.,. Mylon S.E,. Ferri J.K,. Ai Viet N, 2011. The RNA core weakly
influences the interactions of the bacteriophage MS2 at key environmental interfaces, Soft Matter, 7: 10449-10456.
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The release and stability of water-dispersible colloids (WDC) during soil erosion are factors affecting soil orga-
nic carbon and contaminants sequestration. We have investigated, in batch experiments, the release kinetics
of water dispersible colloids (WDC) in three German topsoils from the network of terrestrial observatories
(TERENO). The potential WDC releases along different shaking times, in distilled water, were compared in
a temperature range from 7°C to 35°C. The mass of released WDC from topsoils increases along the series
Wiistebach (forest soil) < Rollesbroich (grassland soil) < Selhausen (arable soil) while the organic carbon (OC)
content decreases along the same series. The surface properties of WDC were analyzed by N,-adsorption
(BET method) and their dispersion and stability behaviors in Na- and Ca-systems were characterized by critical
coagulation concentrations (CCC) of Ca?*and Na*. It can be shown that the WDC mobilization was limited by
a diffusion controlled step during the steady water flow conditions of batch experiments. The net interac-
tion energy potential between WDC is not the limiting step for WDC release under the low ionic strength
conditions of the batch experiments. WDC diffusion through immobile water layer of variable thickness at
soil aggregates surface may explain difference between mobilization extents in the three topsoils, which was
supported by the variations of specific surface area and sedimentation volume of the topsoils.
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Results presented in this poster are part of a first year PhD thesis program “Dynamic speciation of metal ca-
tions at biotic and abiotic ligand interphases”. One of our objectives is to understand the processes underlying
the dynamic binding of metals by microgel-type colloidal particles. For that purpose, we used as model sys-
tem core-shell polymer nanoparticles synthesized with a ca. 42 nm radius poly (methyl methacrylate) glassy
core and an anionic multiresponsive shell made of crosslinked poly (N-isopropyl acrylamide-b-acrylic acid)
(p(N-AA)) or poly (N-isopropyl acrylamide b methacrylic acid) (p(MA-N)). These two types of particles exhibit
identical total charge [1] but differ according to the distribution of polymer segments in their shell. In details,
the p(MA-N) particles have negative charges confined preferentially in the vicinity of their core whereas char-
ges of p(N-AA) particles are distributed in the outer periphery of the shell. Dynamic Light Scattering measure-
ments collected for the aforementioned system comfort results recently published on the dependence of the
particles size with varying pH, ionic strength and solution temperature [1]. Depending on these aqueous me-
dium conditions, the swelling ratio of the particles is governed by a balance between electrostatic repulsion,
hydrophilic/hydrophobic interactions taking place between neighboring charges or segments of the shell. This
explains, for instance, the shift of the volume-phase transition temperature towards higher temperatures with
increasing pH, i.e. increasing the degree of protonation of carboxylic groups. We also observe that particles
size varies according to power-law with ionic strength, which is expected for ionic microgel type particles. Size
measurements were completed by systematic electrokinetic analyses over a large range of pH, ionic strength
and temperature values. In particular, the presence of an asymptotic plateau value at large ionic strength de-
monstrates the soft nature (permeable to ions and flow) of the particles. A set of data was collected for both
particles p(N-AA) and p(MA-N) and noticeable differences in terms of electrohydrodynamic properties will
be discussed. Thorough quantitative analysis of these data using formalism for electrohydrodynamics of soft
heterogeneous particles [2] is currently in process. These analyses will furnish the key electrostatic properties
of particles as a function of medium chemical composition and will help in understanding chemodynamics of
metal/particle complexes under a large range of pH, temperature and ionic strength values.

[1] J. P. Pinheiro, L. Moura, R. Fokkink and J. P. S. Farinha. Langmuir 2012, 28 (13), 5802. [2] J. F. L. Duval, H.
Ohshima Langmuir 2006, 22, 3533.
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ANALYSIS OF COLLOID RETENTION IN CRYSTALLINE ROCK
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tiziana.missana@ciemat.es

The evaluation of the impact of colloids on contaminant transport is important in the frame of the performan-
ce assessment (PA) of a high level radioactive waste (HLRW) repository emplaced in crystalline rock because
rock fractures represent preferential paths for colloid migration. However, colloids may undergo interactions
with the rock surface and filtration during their transport. In HLRW repositories, colloids of different nature
are expected: from the natural ones to those formed by the engineered barrier materials (iron oxides, com-
pacted clay, cement, etc.,). Depending on their properties, these colloids may show different transport beha-
viour, resulting in a different impact on contaminant migration.

In this study, the transport behaviour of latex, gold and montmorillonite colloids in a fractured crystalline rock
was compared using appropriate chemical conditions to guarantee colloid stability (alkaline pH and low ionic
strength). The effects of water velocity, particle size and fracture aperture on colloid transport were studied.
Results showed that colloid transport was affected by the water velocity, the particle size, fracture aperture
and hydrodynamic dispersion. In particular, colloid filtration was strongly dependent on the water velocity. Fi-
gure 1 shows the colloid recovery obtained in all experiments performed with latex, gold and montmorillonite
colloid as a function of residence time in the fracture. The increase of the residence time (lower velocities)
increases drastically the retention of all colloids even when unfavourable electrostatic conditions are present
(colloid and rock both negatively charged). However, at similar water velocity, the recovery of montmorillo-
nite colloids was always higher than that observed for latex and gold colloids, indicating that the nature and
morphology characteristics of colloids also play an important role in their transport behavior. Additionally,
the analysis of the fracture, after transport experiments, indicated that granite surface defects and the micro-
roughness favor the colloid attachment, as will be discussed in the paper.
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SORPTION OF METALS ONTO RIVER SUSPENDED MATERIALS
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Wadwogel Y.}, Gley R.}, Razafitianamaharavo A.!
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In rivers, particles and colloids play a crucial role in the transport and fate of organic and metallic contami-
nants. The global composition of particles within aquatic suspensions is usually determined by analytical
schemes including size fractionation, elemental analyses. However, it appears crucial to be able to establish a
link between river material properties and their sorption capacities towards contaminants such as metals.
For that purpose, suspended material were collected in three different points along the Moselle river, before
and after the junction with its main tributary, the Meurthe river, and after the junction with highly contami-
nated rivers from the downstream region of the Moselle watershed. Thanks to the use of field-centrifuge,
several dozens of grams of matter could be sampled for each station, allowing a fine and detailed characte-
rization of aquatic divided solids, as well as the study of metal sorption onto these natural aquatic particles
(Cd, Zn and Pb).

Elemental composition, mineralogy of samples was examined through ICP-MS, XRD, FTIR spectroscopy, TEM
combined with EDX spectroscopy. Supplementary analyses were perfomed before metals sorption experi-
ments in order (i) to determine specific surface area and porosity, (ii) to reveal chemical status of inherent
metals. Sorption isotherms of metals were carried out in batch conditions, at fixed solid/liquid ratio, ionic
strength and pH, initial and final concentrations were measured through atomic absorption methods.
Suspended particulate matter (SPM) were collected under high flow conditions. The samples from the diffe-
rent stations were rather close in composition, displaying clay minerals as predominant mineral phases (illite,
kaolinite, chlorite and interlayered illite/chlorite). Also, their contents in trace metals were similar, with a
slight higher contamination level for the downstream station. SPM shown rather high affinity for the three
metals, as between 90 and 98 % of metals were removed from solutions.
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BIOFILM INSIDE ENVIRONMENT PREVENTING OUTSIDE POLLUTION
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The nutrient ion concentrations in the interstitial water of biofilms (BFs) formed on reed and stone surfaces
in a natural lake environments were investigated. The followings were found for both types of BF: 1) the
concentrations of ammonium, nitrate, nitrite, and phosphate ions were much higher (ca. 400-fold for nitrate
and nitrite to 2300-fold for phosphate) than those in the surrounding lake water; 2) the nutrient ion concen-
trations in the BFs changed seasonally in synchrony with the changes in the lake water as exemplified in
Fig.1 for nitrate ion.
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Fig. 1 Seasonal variation of concentrations of nitrate ion

in the interstitial water of the BF on stone (solid symbol;
see left-hand y-axis for the value) and in the nearby lake
water (open symbol; see right-hand y-axis).
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Measurements of electrophoretic mobilities of biofilm under various pHs revealed that BF-polymers carry
both positive (due to amino-group) and negative (due to carboxylic group) electric charges. The electrostatic
attractive interaction between these charges and oppositely charged ions outside BF seems to be a driving
force to enrich nutrient ions inside BF. The enrichment of nutrient ions inside BF means removal of these ions
from outside BF. Thus, this function of BF leads to suppress pollution outside BF, e.g., lake water, caused by
increment in concentrations of nutrient ions. Dynamics of ion adsorption and desorption on the BF are now
being investigated. The results will be discussed in the session.
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COLLOID-CHEMICAL PROPERTIES OF COMPOSITIONS OF POLYACRILONITRILE DERIVATIVES
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Amongst water-soluble polymers intended for work with various dispersed systems, the polyacrylonitrile de-
rivatives have a special place. They possess a specific composition and structure, are polyelectrolytes, have
universal properties. Thus and so they are broadly used in range of important industry branches, such as
chemical, oil-producing, agrochemical industries.

In this paper the researches results about colloid-chemical properties of compositions on the base of polya-
crylonitrile derivatives with surfactants are reduced with purpose of development of scientific-substantiated
approach to their usage, especially for clearing of oil emulsions that have important practical importance
along with theoretical.

From results of electrokinetic investigations have been obtained that in the field of relative concentration of
Hydrolized Polyacrylonitrile (HPAN) B = 1+2,5 the charge of complex are defined by sign of OINa mycelles.
Futher increase of HPAN concentration into solution bring to increasing of quantity of involved into elec-
trostatic contacts their functional groups, whereof testify decreasing of ¢ -potential of OINa mycelles and its
inversion at B >2,5. In this condition the sign of complex charge are defined by HPAN charge sign. It should be
noted that such importance of electrostatic interactions in case of titration Polyacrylamide (PAA) with OINa
solution are reached only at acidation of solution up to pH=4.

From investigations of dependences of electrostatic interactions degree between HPAN and OINa, OINa and
PAA from their relative concentrations 6 = f (B) have shown that it reach of high importances, at concentration
correlations B = 1 the importance 6 for system HPAN-OINa reach up to 35 %, at further increasing of HPAN
concentration the importance 6 reach up to 65 %. This allow to conclude that between HPAN and OINa, OINa
and PAA the nonstoichiometric complexes are formed because of electrostatic interations between polyelec-
trolyte and surfactant mycelles.

Thereby, research results allow to suppose that at relative concentration of polyelectrolytes in composition
with surfactant B=2,5, are the most optimal for usage in such processes as oil demulsification, emulsion sta-
bilization at obtainment of metalls nanoparticles etc.
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It is recognized that the reactive oxygen species (ROS) are implicated in all stages of lipid peroxidation (ini-
tiation, propagation, and termination). Depending of the nature of the lipid, these oxidative reactions could
modify oil composition, cell membranes, or the integrity of lipoproteins. There is abundant evidence that
polyphenols present in foods and beverages can inhibit lipid peroxidation processes acting as chain breaking
antioxidants. The efficiency of a particular antioxidant is mainly determined by its reactivity towards ROS, the
stoichiometry of the reaction, and its ability to reach lipid phases. Nowadays, there is observed increasing
interest concerning the investigation of the antioxidant capacity of polyphenols such as gallic acid and its
hydrophobic derivatives.

The activity of antioxidants in foods and biological systems is dependent on a multitude of factors, including
the colloidal properties of the substrates and the localisation of antioxidants in different phases. One of the
methods of testing antioxidants activity in vitro is investigation of their decomposition in surfactant solutions
and microemulsions.

Among many types of surfactants, surface active N-oxides are an interesting subclass due to their simple
methods of preparation, low or no-toxicity, good biodegrability and very effective performance. They are very
useful in shampoos, hair conditioners, dish and laundry detergents, fabric softeners and the like. They may
be also used as the carriers of bioactive substances, e.g. antioxidants such as vitamin C, propyl gallate and
vitamin E. In this communication the results of propyl gallate atmospheric oxidation in the three new N-oxide
surfactant solutions obtained by UVvis spectroscopy are presented.

As follows from our studies, in the solutions containing N-oxides propyl gallate undergoes slower oxidation
reaction with atmospheric oxygen than in pure water and the rate of reaction decreases with the increasing
surfactant concentration. This effect is reversed to that exerted by the same surfactants on vitamin C. It
was observed that the presence of N-oxides destabilized vitamin C and the effect grew for higher surfactant
concentration.
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This work aims to determine the strain effect caused by an alkaline perturbation, obtained by after rapid
equilibration (3 hours) under pH-controlled conditions (4-8 pH range)., on the cationic exchange process in
the case of Na rich-montmorillonite (Swy-2) . This goal was accomplished in two steps. First to prepare and
characterize a stressed final product who are used after that in the selective exchange study. In the second
step, strained materials was considered like starting sample and used to verify the effect of the “materials
history” on the selective exchange process studied by [1], CEC and surface area. The quantitative analysis of
XRD patterns is achieved using an indirect method based on the comparison of experimental XRD patterns
with calculated ones. This investigation allowed us to determine several structural parameters related to the
nature, abundance, size, position and organization of exchangeable cation and water molecule in the interla-
mellar space along the c* axis.

[1] W. Oueslati, M. Meftah, R. Chalghaf, H. Ben Rhaiem, A. Ben Haj Amara Z. Kristallogr. Proc. 1 (2011) 389-
395
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SMECTITE: EFFECT OF THE CHARGE LOCATION AND THE CATION NATURE
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This works aims at investigating the bonds between dehydration—hydration behaviors, charge location and
the ionic radius in the case of dioctahedral smectites. For that, a natural

montmorillonite and beidellite with different charge location (respectively di and trioctahedral) was selected.
The starting samples were exchanged in first time with Na* cation followed by a cesium (i.e.Cs*) cationic ex-
change process.

The evolution of hydration behaviors was investigated by varying %RH condition. All exchanged samples were
studied “insitu” using XRD analysis with her both qualitative and quantitative analyses. This method allowed
us to characterize the evolution of structural’s parameters deduced from the proposed theoretical mixed
layer structure (MLS) used to fit experimental XRD patterns.

Obtained results, in the case of Na* and/or Cs* exchangeable cations, show an increase of hydration hetero-
geneity degree in the case of dioctahedral smectite (beidellite) characterized by a relatively low number of
Mixed Layers Structure. For the same sample, the Cs* exchange process induces a hydration homogeneity
trend. This result was interpreted by a new interlamellar space organization along c* axis which are confirmed
by studying the evolution of relative abundances related respectively to dehydrated OW, monohydrated 1W,
bihydrated 2W layers along the hydration-dehydration process.
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DEGRADATION OF GLYPHOSATE AND AMPA (AMINO METHYL PHOSPHONIC ACID) SOLUTIONS BY THIN
FILMS OF BIRNESSITE ELECTRODEPOSITED.
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Glyphosate is one of a pesticide the most used in the world. AMPA (amino-methylphosphonic acid) is the prin-
ciple metabolite of glyphosate more toxic and more persistent than glyphosate. These two compounds are
the most found in waters in environment as pollutants, that is why it seems very important to found a simple
method to eliminate these two main pollutants present in surface and groundwaters.

Previously, we have shown that thin films of birnessite, electrodeposited onto a cheap transparent semicon-
ductor substrate (Sn0O,), can significantly degrade and mineralise organic dyes [1,2] due to the spontaneous
oxidant properties of birnessite, which is the major manganese compound present naturally in the environ-
ment.

We report also the successful use of thin films of birnessite to study and to remediate aqueous solutions
containing glyphosate and AMPA. We have shown that glyphosate is degraded, with simultaneous formation
of AMPA, formaldehyde, phosphate ion, nitrate ion and ammonium ion, without macroscopic modification of
birnessite. The last four by-products are also obtained during the degradation of AMPA by birnessite.
Various experimental parameters such concentration of pollutant, temperature, agitation, presence or not of
dioxygen were studied and mechanisms were proposed. The good yields obtained during glyphosate/birnes-
site and AMPA/birnessite interactions without any energy supply permit to envisage a possible application of
these thin films for the treatment of wastewater.
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[1] M.Zaied, S.Peulon, N. Bellakhal, B.Desmazieres, A. Chaussé, Applied Catalysis B: Environmental, 2011,
101, 441.

[2] M.Zaied, E. Chutet, S. Peulon., N. Bellakhal, B. Desmazieres, M. Dachraoui, A. Chaussé, Applied Catalysis
B: Environmental, 2011, 107, 42.
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Reactive transfer of metal ions in fresh water is mainly controlled by chemical and physical processes occurring
at interfaces of finely divided matter. These solid phases are generally heterogeneous in terms of size, shape,
nature and density of charges (or binding sites). To our knowledge, little attention is paid to understand the
impact of particle heterogeneities on dynamic aspects of metal ions speciation (mass transport and kinetics
properties) [1-3]. Among the analytical techniques for speciation analysis, stripping chronopotentiometry at
scanned deposition potential (SSCP) is a useful tool for examining the thermodynamics and kinetic features
of metal complexes. SSCP involves a first step of metal deposition at a rotating disk electrode coated with a
mercury film (accumulation step) and a second step of metal redissolution (i.e. reoxydation), allowing the
guantification of the total accumulated metal. SSCP waves are then constructed from the reoxydation transi-
tion time versus the deposition potential. A quantitative approach provides rich information on the kinetic of
the association/dissociation of metal complex coupled with the mass transport of the overall metal species,
as well as heterogeneous complexation parameters. In addition, stripping technique of AGNES (Absence of
gradients and Nernstian equilibrium stripping) is used for the direct determination of the free metal concen-
tration which gives complementary and helpful data for SSCP interpretation [4]. In this work, we examined
the metal complex formation with size-fractionated

clay samples (Wyoming montmorillonite) [5]. These mineral phases are known to have a permanent negative
structural charge on the basal faces and ampholitic edge hydroxyl groups. Three size samples were tested in
presence of metallic ions (Pb, Cd). Comparison of SSCP waves for each metal suggests that lead complexation
is much more heterogeneous and stronger than that of cadmium. Cd-Wy complexes are SSCP-labile in a large
range of pH suggesting a weak electrostatic type of binding. In contrast, we observed a lability loss of the
Pb-Wy complexes with the increasing of pH, evidencing the formation of inner-sphere surface complexes. By
varying the rotating speed of the disk electrode, effect of the hydrodynamic conditions (convection/diffusion)
is also examined. Preliminary results indicate a change of the global dynamic response with the increasing of
the rotation speed. Since SSCP shape is, in this case, a double indicator of metal binding heterogeneity and
lability loss of the system, additional analyses are currently performed to clarify the chemodynamics of metal-
clays complexes.

[1] R. M. Town, P. Chakraborty, H. P. van Leeuwen, Environ. Chem., 2009, 6, 177.

[2] R. M. Town, Environ. Sci. Technol., 2008, 42, 4021.

[3] D. Goveia, J. P. Pinheiro, V. Milkova, A. H. Rosa, H. P. van Leeuwen, Langmuir, 2011, 27, 7883.

[4] J. Galceran, E. Companys, J. Puy, J. Cecilia, J. L. Garces, J. of Electroanal.Chem., 2004, 566, 95.

[5] L. J. Michot, I. Bihannic, K. Porsch, S. Maddi, C. Baravian, J. Mougel, P. Levitz, Langmuir, 20,10837.
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Ordered mesoporous organosilicas are very attractive materials due to their high surface areas, large vo-
lumes of ordered mesopores and diverse morphology what makes them attractive potential catalysts and
adsorbents [1-6]. From the other hand the possibility of introduction of the organic groups into the ordered
structure of the final material during the synthesis is an invaluable advantage of the sol-gel processing of
organosilicas [7-9]. In the present work channel-like mesoporous organosilicas (SBA-15) were synthesized via
co-condensation of tetraethyl orthosilicate (TEOS) with alkoxysilanes bearing terminal amine-, thiol-, vinyl-,
phenyl- and cyano- groups in the presence of Pluronic P123 triblock copolymer.

Obtained SBA-15 materials were characterized by infrared spectroscopy, powder X-ray diffraction, scanning
electron microscopy and nitrogen sorption measurements. The resulted materials exhibit well-ordered me-
soporous structure, high values of specific surface areas and pore volumes and a high content of functional
groups introduced by co-condensation. The sizes of ordered mesopores are in the range of 6-10 nm. It was
establish that even small amount of alkoxysilanes substantially changes the properties of the final materials
so co-condensation can be used not only to introduce the surface functional groups but also to modify the
structural-adsorption characteristics of the resulted materials.

LITERATURE:

[1] C. T. Kresge, et al., Nature 359 (1992) 710.

[2] D. Y. Zhao, et al., Science 279 (1998) 548.

[3] D. Y. Zhao, et al., J. Am. Chem. Soc. 120 (1998) 6024.

[4] A.M. Liu, K. Hidajat, S. Kawi, D.Y. Zhao, Chem. Commun. 13 (2000) 1145.
[5] M. Hartmann, Chem. Mater. 17 (2005) 4577.

[6] M. Barczak et al., Appl. Surf. Sci. 256 (2010) 5370.
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Gallic acid and its esters are synthetic antioxiodants used to protect food and other products against oxidation.
Their electron-donating ability depends on their chemical structure and properties of the medium they are
supposed to protect and can be quantitatively assessed on the basis of the electrochemical characteristics.
In the presentation the results of electrochemical oxidation of two gallic esters: propyl gallate (PG) and lauryl
gallate (LG) in various SDS solutions using the cyclic voltammetry method (CV) with a glassy carbon electrode
will be shown. The dependences of peak current and peak potential on the surfactant concentration were
determined in the water and the water+ethanol (EtOH) mixture, pH=2, 4, 11.

On the basis of the obtained results the effects of pH, surfactant and ethanol on the oxidation reaction kine-
tics were discussed. The most pronounced effect on the oxidation parameters of both gallates is due to pH
changes; the lower pH, the higher value of oxidation potential. It means that the oxidation is more difficult
under acidic conditions.

For PG the noticeable increase of peak potential and the decrease of peak current with the increasing surfac-
tant concentration were observed up to the CMC. Beyond the CMC, the values of these parameters became
almost constant. The addition of EtOH had only a small effect on the PG oxidation parameters and reduced
that of the SDS concentration.

The more hydrophobic derivative LG is water insoluble and was investigated only in the aqueous systems
containing high concentrations of SDS (solubilisation in micelles) and in the mixed H,0+EtOH solvent contai-
ning SDS. Here the changes of oxidation parameters with the increasing surfactant concentration were much
less pronounced than those for PG, but still the oxidation process was more difficult at lower pH values.
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Imogolite is one of the most important clay mineral contained in volcanic ash soil and is used as a natural
coagulant. The morphology of imogolite is very unique with thin fibrous tube, whose inside and outside dia-
meters are approximately 1 nm and 2 nm, respectively. The chemical structure demonstrates that the SiOH
groups are located along inner wall of tube and the AIOH groups exist on the outer surface of the tube. Becau-
se of this morphology and chemical structure, imogolite coagulates under high pH. In the present study, we
focus on the difference of rheological behavior of the imogolite suspension between that at dispersed state
(pH4) and coagulated state (pH9). Experiments were carried out using a concentric cylindrical viscometer as
a function of volume fraction. Applied shear rate increased from 6.45 s'to 258 s and then decreased to the
initial value. This procedure was repeated for three times. The flow curves for imogolite suspensions at pH 4
showed slightly hysteresis (Fig.1). During successive shearing cycles, the viscosity of imogolite suspension in-
creased as shearing cycles increased. Additionally, shear thinning, a decrease of the viscosity with increasing
shear rate emerged. We considered the shear thinning is due to the alignment of the imogolite. On one hand,
at pH 9, the area of hysteresis loop became larger with increasing volume fraction (Fig.2). The flow curves
tended to be constant as shearing cycle increased. The appearance of the yield stress was revealed from the
intercept of the flow curve. Moreover, shear thinning at high pH was more remarkable than that at low pH.
These obtained results indicates the condition of high pH for imogolite suspensions induces coagulation and
non-Newtonian behavior. We consider that imogolite flocs are repeatedly subjected to breakup and coagula-
tion by the given shear stress and thus the stronger structure is formed.
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Fig.1 The flow curve of imogolite suspensions at pH 4 Fig.2 The flow curve at pH 9
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