PHASE INTERACTIONS

































		WATER

�



�SUSPENDED COLLOIDAL MATTER





		SEDIMENTS







SEDIMENTS

clay

slit

sand

mixed organic matter





SEDIMENT DWELLING ORGANISMS:

shellfish

warms

insects

amphipods

bivalves

FORMATION OF SEDIMENTS



PRECIPITATION REACTIONS



2Ca2+ + H2O + 3HPO42- -----> Ca5OH(PO4)3(s) + 4H+

						hydroxyapatite



Ca2+ + 2HCO3- ---> CaCO3(s) + CO2(g) + H2O

				calcium carbonate



Ca2+ + 2HCO3- + hu ---> {CH2O} + CaCO3(s) + O2





4Fe2+ + 10 H2O + O2 ---> 4Fe(OH)3(s) + 8H+



Bacteria actions:



�SO42- ---> H2S



�					Fe2+ + H2S ---> FeS(s) + 2H+



Fe(OH)3(s) ---> Fe2+







SOLUBILITY





BaSO4(s) === Ba2+ + SO42-





Ksp = [Ba2+ ] [SO42-] = 1.23 x 10 -10





S- Solubility



S= [Ba2+ ] = [SO42-]



Ksp = S2



�



INTRISTIC SOLUBILITIES



CaSO4 ====CaSO4(aq)



[CaSO4]aq = 5.0 x 10-3 		[25oC]



CaSO4(s) === Ca2+ + SO42-



Ksp = [Ca2+] [SO42- ] = 2.6 x 10-5





S= [Ca2+ ] + [CaSO4]aq





S=  Ksp + [CaSO4]aq = 1.01 x 10-2 M



�

 solubility ===> chelation, H+ + CO32- ---> HCO3-



�Solubility ===> CO32-





SOLUBILITY OF GASES



HENRYÕs LAW:



at constant temperature the solubility of a  gas is a liquid is proportional to the partial pressure of the gas in contact with the liquid





X(g) ===X(aq)



[X(aq)] = K Px

���



aqueous conc.	Henry constant	partial pressure of the gas

of the gas

**************************



25oC; PH2O = 0.0313 atm



PO2 = (1.000 Atm -0.0313 Atm) x 0.2095 = 0.2029 Atm



[O2(aq)] = K x PO2 = 1.28 x 10-3 mol x L-1 x atm-1 x -0.2029 atm = 



=2.60 x 10-4 mol/L



= 8.32 mg/L = 8.32 ppm





��

T ===> S





CLAUSIUS-CLAPEYRON EQUATION





�

�



gas concentrations at T1 and T2







COLLOIDAL PARTICLES





0.001mm < s < 1 mm



minerals

organic pollutants

proteinaceous materials

algae



* light scattering due to s ~ l ====> Tyndall effect

FEATURES OF COLLOIDS



high surface area

high interfacial energy

high surface/charge density ratio







��					COLLOIDS

�



hydrophylic			hydrophobic			association

										(micelles)



COLLOID STABILITY



	affects:

formation of sediments

dispersion & agglomeration of bacterial cells

dispersion of pollutants



	depends on:

hydration

surface charge

chemical reaction at the particle surface



********

MnO2(H2O)(s)



acidic media:



MnO2(H2O)(s)+ H+ ----> MnO2(H3O)+(s)



basic media:



MnO2(H2O)(s)----> MnO2(OH-)(s) + H+



neutral (at PZC)



# MnO2(H3O)+ === MnO2(OH)-



































































ION ADSORPTION

attachment of ions onto the colloidal particles by covalent bonding & Van der Waal interactions



ION REPLACEMENT



[SiO2] + AlIII ---> [AlO2-] + SiIV

THE COLLOIDAL PROPERTIES OF CLAYS



hydrated aluminum and silicon oxides



kaolinite: 			Al2(OH)4Si2O5



montmorillonite:		Al2(OH)2SiO4O10



nontronite:			Fe2(OH)2Si4O10



hydrous mica:		KAl2(OH)2(AlSi3)O10





LAYERED STRUCTURE OF CLAYS



�								tetra

�

�								octa

								tetra

�



			   +					interlayer cation

�

�								tetra

								octa

�								tetra





CEC: Cation Exchange Capacity



		[meq/100 g of clay]







ROLE OF CLAYS:



microbial degradation



adsorption of pollutants



AGGREGATION OF PARTICLES







Coagulation						flocculation



(reduction of electrostatic			(presence of bridging compounds)

��repulsion)

��



double layer compression			action of polyelectrolytes





anionic: -SO3-; -CO3-

cationic: H+







SURFACE SORPTION BY SOLIDS



COMPLEXATION



M-OH + Mt2+ ===M-OMt2+ + H+



CHELATION



M-OH					M-O

���

�			+ Mt2+ ===			Mtz-2 + 2H+



M-OH					M-O





SORPTION OF COMPLEXES



M-OH + MtLz+ ===M-OMtL(z-1) + H+



M-OH + MtLz+ ===M-(MtL)z+1 + OH-



��Mtz+ (sorbed) ====Mtz+ (aq)

��



MtLz+ (sorbed)===MtLz+ (aq)

����



L(sorbed)	=====L(aq)







SORPTION OF ANIONS



�M-OH						M-O			OH

���

��			+ HPO42- ====				P		+ OH-



M-OH						M-O			O





sulfate		molybdate

chloride		arsenate

nitrate		selenite

fluoride		selenate

			arsenite





ION EXCHANGE WITH BOTTOM SEDIMENTS



BOTTOM SEDIMENTS ===> 	

anaerobic environment

reducing conditions

continuous leaching

CEC

ECS



ECS- exchangeable cation status

��

amount of specific ions bounded to a given amount of sediment [meq/100g]



DETERMINATION OF CEC (20-30 meq/100 g)



treating the sediment with a solution of ammonium salt, NH4+

displacing the NH4+ with Na+

determining the quantity of displaced ammonium salt





DETERMINATION OF ECS (1-20 meq/100 g)



stripping all the exchangeable metal cations from the sediment with ammonium acetate

determination of metal cations in a leachate





Sediments are repositories for trace amounts of metals such as:

chromium

cadmium

copper

molybdenum

nickel

cobalt

manganese





Factors involved in metal availability



identity of metal

its chemical form (binding, oxidation)

nature of suspended mineral

type of organism

condition in water (physical and chemical)



PHOSPHORUS IN BOTTOM SEDIMENTS:



phosphate minerals (hydroxyapatite)

nonoccluded phosphorus (orotophosphate ion bound to SiO2 (soluble)

occluded phosphorus (ortophopshate ion contained within the matrix of hydrated oxides)

organic phosphorus (aquatic biomass)

ORGANIC COMPOUNDS IN SEDIMENTS



stored in :

clays

humic substance



��

S     ==> sorption





dispersive interactions

specific interaction

covalent bonds
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