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Source of WastewaterSource of Wastewater

Waste-water originates predominantly from water usage by residences
and commercial and industrial establishments, together with groundwater,
surface water and storm water.



Major contaminants inMajor contaminants inMajor contaminants in Major contaminants in 
municipal sewagemunicipal sewage

•• Suspended solids (TSS)Suspended solids (TSS)
• Biodegradable organics (BOD)• Biodegradable organics (BOD)
• Nutrients (N, P)• Nutrients (N, P)
• Toxic compounds/heavy metals• Toxic compounds/heavy metalsp yp y
• Endocrine disruptors• Endocrine disruptors
• Pathogens (bacteria, viruses, worm eggs, • Pathogens (bacteria, viruses, worm eggs, g ( , , gg ,g ( , , gg ,

protozoa,parasites)protozoa,parasites)



Wastewater Treatment Technologies

Ph i l h i lPhysical, chemical 
and biological 
methods are used 
to remove 
contaminants from 
waste-water. 

In order to achieve different levels of contaminant removal, individual waste-
water treatment procedures are combined into a variety of systems,
classified as primary, secondary, and tertiary waste-water treatment.



Biological Unit ProcessesBiological Unit Processes
Biological processes are usually used in conjunction with physical and
chemical processes with the main objective of reducing the organicchemical processes, with the main objective of reducing the organic
content and nutrient content of waste-water.

Bi l i l d f t t t t t b l ifi dBiological processes used for waste-water treatment may be classified 
under five major headings:

(a) Aerobic processes;
(b) Anoxic processes;
(c) Anaerobic processes;( )
(d) Combined processes;
(e) Pond processes.

These processes are further subdivided, 
depending on whether the treatment 
takes place in a suspended-growth 
system an attached-growth system or a 
combination of both



Activated-Sludge Processg
So far it is the most widely used biological process for 
the treatment of municipal and industrial wastewatersthe treatment of municipal and industrial wastewaters 
in developed countries.

Mi bi l it ( ti t d l d ) i hi hlMicrobial community (activated sludge) is highly 
diverse and competitive



Activated-Sludge Process
Liquid-solids separation occurs in sedimentation tank
• A recycle system for returning solids removed from the liquid-solids
separation unit back to the reactor to maintaining a high
concentration of cells
• Formation of flocculent settleable solids that can be removed byy
gravity settling

Basic activated sludge process flow sheetBasic activated sludge process flow sheet



Activated-Sludge Process

Advantages

g

• Adapted to any size of community 
(except very small ones)
• Good elimination of all the pollution p
parameters (SS,COD, N, P);
• Partially-stabilized sludge
• Small area required Small area required

Disadvantages
• Relatively high capital costsy g p
• High energy consumption
• Requires skilled personnel and 
regular monitoringregular monitoring
• Sensitivity to hydraulic overloads
• Settling property of sludge is not 
always easy to control (bulking sludge)always easy to control (bulking sludge)
• High production of sludge



Nutrient RemovalNutrient Removal

NitrogenNitrogen andand phosphorusphosphorus areare thethe principalprincipal nutrientsnutrients ofof concernconcern inin wastewaste--
waterwater dischargesdischarges.. DischargesDischarges containingcontaining nitrogennitrogen andand phosphorusphosphorus maymay
accelerateaccelerate thethe eutrophicationeutrophication ofof lakeslakes andand reservoirsreservoirs andand stimulatestimulate thethe
growthgrowth ofof algaealgae andand rootedrooted aquaticaquatic plantsplants inin shallowshallow streamsstreams..gg gg qq pp



Removal of Phosphorus by Removal of Phosphorus by 
Biological MethodsBiological Methods

A/O Process (Mainstream Phosphorus Removal)A/O Process (Mainstream Phosphorus Removal)( p )( p )

The proprietary A/O process isThe proprietary A/O process is
used combined carbon oxidation
and phosphorus removal from
wastewater The A/O process is awastewater. The A/O process is a
single-sludge suspended-growth
system that combines anaerobic

d bi ti iand aerobic sections in
sequence.

“In A/O Processes there is no nitrification, and the anaerobic
detention time is 30 min to 1h for biological phosphorus removal.
SRT (solid retention time) of the aerobic zone mixed liquor is 2 to( ) q
4 d, depending on temperature.”



Removal of Phosphorus by Removal of Phosphorus by 
Biological MethodsBiological Methods

PhoStrip Process (Sidestream Phosphorus Removal)PhoStrip Process (Sidestream Phosphorus Removal)

InIn factfact PhoStripPhoStrip ProcessProcess consistsconsists ofof

Biological MethodsBiological Methods

InIn factfact PhoStripPhoStrip ProcessProcess consistsconsists ofof
biologicalbiological andand chemicalchemical processprocess..
AA partpart ofof thethe returnreturn activatedactivated sludgesludge
ii t t dt t d tt bibiisis transportedtransported toto anan anaerobicanaerobic
stripperstripper tanktank.. TheThe retentionretention timetime inin
thisthis tanktank rangesranges fromfrom 88 toto 1212 hourshours..
A tiA ti idid i fl ti fl t ii dd ddd d ttAceticAcetic acidacid oror influentinfluent isis addedadded toto
stripperstripper tanktank toto supplysupply phosphorusphosphorus
releaserelease.. TheThe phosphorusphosphorus releasedreleased
inin thethe strippingstripping tanktank passespasses outout ofofinin thethe strippingstripping tanktank passespasses outout ofof
thethe tanktank inin thethe supernatant,supernatant, andand thethe
phosphorusphosphorus--poorpoor activatedactivated sludgesludge
isis returnedreturned toto thethe aerationaeration tanktankisis returnedreturned toto thethe aerationaeration tanktank..
TheThe phosphorusphosphorus--richrich supernatantsupernatant isis
treatedtreated withwith limelime oror anotheranother
coagulantcoagulant inin aa separateseparate tanktank SoSocoagulantcoagulant inin aa separateseparate tanktank.. SoSo
phosphorusphosphorus willwill bebe removedremoved inin
chemicalchemical sludgesludge..



Combined Removal of Nitrogen and Combined Removal of Nitrogen and 
Phosphorus Biological MethodsPhosphorus Biological MethodsPhosphorus Biological MethodsPhosphorus Biological Methods

AA22/O/O ProcessProcess

AA22/O/O processprocess isis aa modificationmodification ofof thethe A/OA/O processprocess andand providesprovides
anan anoxicanoxic zonezone forfor denitrificationdenitrification.. TheThe detentiondetention timetime inin thethe
anoxicanoxic zonezone isis approximatelyapproximately oneone hourhour..



Combined Removal of Nitrogen and Combined Removal of Nitrogen and 
Phosphorus Biological MethodsPhosphorus Biological Methods

Bardenpho Process (fiveBardenpho Process (five--stage)stage)

B d h i i i i l bi h PAOB d h i i i i l bi h PAO k dk d

Phosphorus Biological MethodsPhosphorus Biological Methods

Bardenpho process contains an initial anaerobic zone where PAOsBardenpho process contains an initial anaerobic zone where PAOs take up and take up and 
store VFAs that are either present in the influent wastewater orstore VFAs that are either present in the influent wastewater or producedproduced by by 
fermentation in this zone. fermentation in this zone. 

Effluent from the anaerobic zone flows into an anoxicEffluent from the anaerobic zone flows into an anoxic zone where nitratezone where nitrate--rich rich 
mixed liquor from the downstream aerobic zone (mixedmixed liquor from the downstream aerobic zone (mixed liquor recycle, MLR) is liquor recycle, MLR) is 
added to provide nitrateadded to provide nitrate--nitrogen to allow denitrification tonitrogen to allow denitrification to occur. occur. 



Combined Removal of Nitrogen and Combined Removal of Nitrogen and 
Phosphorus Biological MethodsPhosphorus Biological Methods

Biodegradable organic matter, present in the influent wastewater, provides theBiodegradable organic matter, present in the influent wastewater, provides the
carbon source to drive a rapid rate of denitrification. carbon source to drive a rapid rate of denitrification. 

Phosphorus Biological MethodsPhosphorus Biological Methods

Effluent from the anoxic zoneEffluent from the anoxic zone flows to the first aerobic zone where oxygen is added flows to the first aerobic zone where oxygen is added 
to allow nitrification to occur.to allow nitrification to occur.
PAOs also oxidize the VFAs stored in the anaerobic zone. Effluent from the firstPAOs also oxidize the VFAs stored in the anaerobic zone. Effluent from the first
aerobic zone flows into the second anoxic zone where additional denitrificationaerobic zone flows into the second anoxic zone where additional denitrification
occurs. occurs. 
The effluent from the second anoxic zone flows to the second aerobic zoneThe effluent from the second anoxic zone flows to the second aerobic zone
where nitrogen gas formed in the upstream anoxic zone is stripped from the mixedwhere nitrogen gas formed in the upstream anoxic zone is stripped from the mixed
liquor prior to following to the secondary clarifier.liquor prior to following to the secondary clarifier.



Combined Removal of Nitrogen and Combined Removal of Nitrogen and 
Phosphorus Biological MethodsPhosphorus Biological Methods

UCT (University of Cape Town) ProcessUCT (University of Cape Town) Process
Negative effects of nitrate recycle to anaerobic stage have been observed.Negative effects of nitrate recycle to anaerobic stage have been observed.

Phosphorus Biological MethodsPhosphorus Biological Methods

g y gg y g
OnOn thethe basisbasis ofof thesethese observations,observations, UCTUCT processprocess waswas developeddeveloped changingchanging AA22/O/O
processprocess.. ThereThere areare twotwo differencesdifferences betweenbetween AA22/O/O processprocess andand UCTUCT processprocess..
FirstFirst differencedifference isis thatthat returnreturn activatedactivated sludgesludge isis returnedreturned toto anoxicanoxic stagestage insteadinstead
ofof anaerobicanaerobic stagestage.. SecondSecond differencedifference isis thatthat anan internalinternal recyclerecycle fromfrom anoxicanoxic
stagestage toto anaerobicanaerobic stagestage isis addedadded.. ByBy returningreturning thethe activatedactivated sludgesludge toto thethe

anoxicanoxic stage,stage, thethe introductionintroduction ofof thetheg ,g ,
nitratenitrate toto thethe anaerobicanaerobic stagestage isis
eliminated,eliminated, therebythereby improvingimproving thethe
releaserelease ofof phosphorusphosphorus inin thethe anaerobicanaerobic
stagestage.. TheThe internalinternal recyclerecycle featurefeature
providesprovides forfor increasedincreased organicorganic
utilizationutilization inin thethe anaerobicanaerobic stagestage.. TheThe
mixedmixed liquorliquor fromfrom thethe anoxicanoxic stagestage
containscontains substantialsubstantial solublesoluble BODBOD butbut
littlelittle nitratenitrate.. TheThe recyclerecycle ofof thethe anoxicanoxic

i di d lili idid ff ti lti lmixedmixed liquorliquor providesprovides forfor optimaloptimal
conditionsconditions forfor fermentationfermentation uptakeuptake inin
thethe anaerobicanaerobic stagestage..



Combined Removal of Nitrogen and Combined Removal of Nitrogen and 
Ph h Bi l i l M h dPh h Bi l i l M h d

( f )( f )

Phosphorus Biological MethodsPhosphorus Biological Methods

VIP process (VIP stands for the Virginia Initiative Plant) VIP process (VIP stands for the Virginia Initiative Plant) 
VIP process is similar to UCT process, with one exception. There is VIP process is similar to UCT process, with one exception. There is 

anaerobic,anaerobic, anoxic, aerobic tanks in VIP process are divided parts anoxic, aerobic tanks in VIP process are divided parts ,, , p p, p p
one more than.one more than.



Combined Removal of Nitrogen and Combined Removal of Nitrogen and 
Ph h Bi l i l M h dPh h Bi l i l M h d

JOHANNESBURG JOHANNESBURG 

Phosphorus Biological MethodsPhosphorus Biological Methods

TheThe processprocess isis anan alternativealternative toto standardstandard andand modifiedmodified UCTUCT
processesprocesses toto minimizeminimize nitratenitrate feedingfeeding toto thethe anaerobicanaerobic zonezone.. TheThe
returnreturn activatedactivated sludgesludge isis directeddirected toto anan anoxicanoxic zonezone thatthat hashasgg
sufficientsufficient detentiondetention timetime toto reducereduce thethe nitratenitrate inin thethe mixedmixed liquorliquor
beforebefore itit isis fedfed toto thethe anaerobicanaerobic zonezone .. ComparedCompared toto thethe UCTUCT
processprocess aa higherhigher MLSSMLSS concentrationconcentration cancan bebe maintainedmaintained inin thetheprocessprocess aa higherhigher MLSSMLSS concentrationconcentration cancan bebe maintainedmaintained inin thethe
anaerobicanaerobic zonezone whichwhich hashas aa detentiondetention timetime ofof aboutabout 11 hh..



Aerated LagoonsAerated Lagoons

AnAn aeratedaerated lagoonlagoon isis aa basinbasin betweenbetween 11 andand 44 metersmeters inin depthdepth

TheThe microbiologymicrobiology involvedinvolved inin thisthis processprocess isis similarsimilar toto thatthat ofof thethe
activatedactivated--sludgesludge processprocess.. However,However, differencesdifferences arisearise becausebecause thethe
largelarge surfacesurface areaarea ofof aa lagoonlagoon maymay causecause moremore temperaturetemperature effectseffects
thanthan areare ordinarilyordinarily encounteredencountered inin conventionalconventional activatedactivated--sludgesludge
processesprocesses..

WasteWaste--waterwater isis oxygenatedoxygenated byby surface,surface, turbineturbine oror diffuseddiffused aerationaeration..



Trickling FiltersTrickling Filtersgg
The trickling filter is the most commonly encountered aerobic attachedThe trickling filter is the most commonly encountered aerobic attached--growth growth 
biological treatmentbiological treatment process used for the removal of organic matter from wasteprocess used for the removal of organic matter from waste--
waterwaterwater. water. 

It consists of a bed of highly permeableIt consists of a bed of highly permeable medium to which organisms are attached, medium to which organisms are attached, 
forming a biological slime layer, and through which wasteforming a biological slime layer, and through which waste--water iswater is percolated. Thepercolated. Theforming a biological slime layer, and through which wasteforming a biological slime layer, and through which waste water iswater is percolated. The percolated. The 
filter medium usually consists of rock or plastic packing material. filter medium usually consists of rock or plastic packing material. 

The organic materialThe organic material present in the wastepresent in the waste--water is degraded by adsorption on to the water is degraded by adsorption on to the 
biological slime layer. In the outer portion ofbiological slime layer. In the outer portion of that layer, it is degraded by aerobic that layer, it is degraded by aerobic 
micromicro--organisms. organisms. 

As the microAs the micro--organisms grow, the thickness of theorganisms grow, the thickness of the slime layer increases and the slime layer increases and the 
oxygen is depletedoxygen is depleted. . AnAn anaerobic environment is thus established near the surface of anaerobic environment is thus established near the surface of 
the filter medium. the filter medium. 

As the slime layer increasesAs the slime layer increases in thickness, the organic matter is degraded before it in thickness, the organic matter is degraded before it 
reaches the microreaches the micro--organisms near the surface of theorganisms near the surface of the medium Deprived of theirmedium Deprived of theirreaches the microreaches the micro--organisms near the surface of theorganisms near the surface of the medium. Deprived of their medium. Deprived of their 
external organic source of nourishment, these microexternal organic source of nourishment, these micro--organisms die and areorganisms die and are washed washed 
off by the flowing liquid. A new slime layer grows in their place.off by the flowing liquid. A new slime layer grows in their place.



Trickling FiltersTrickling Filtersgg

Advantages

• Simplicity of operationp y p
• Resistance to shock loads
• Low power requirements

Di d tDisadvantages

• Relatively low BOD 
removal (85%)
• High suspended solids in 
the effluent (20 to 30 mg/l)( g )
• Very little operational 
control



Rotating Biological ContactorsRotating Biological Contactorsg gg g
AA rotatingrotating biologicalbiological contractorcontractor (RBC)(RBC) isis anan attachedattached--growthgrowth biologicalbiological processprocess
thatthat consistsconsists ofof oneone oror moremore basinsbasins inin whichwhich largelarge closelyclosely--spacedspaced circularcircular disksdisksgg yy
mountedmounted onon horizontalhorizontal shaftsshafts rotaterotate slowlyslowly throughthrough wastewaste--waterwater

The disks are partially submerged in the
waste water so that a bacterial slime layerwaste-water, so that a bacterial slime layer
forms on their wetted surfaces.

As the disks rotate the bacteria areAs the disks rotate, the bacteria are
exposed alternately to waste-water, from
which they adsorb organic matter, and to
air from which they absorb oxygenair, from which they absorb oxygen.

Organic matter is degraded by means of
mechanisms similar to those operating inmechanisms similar to those operating in
the trickling filters process.

Partially submerged RBCs are used for carbonaceous BOD removal, combined
carbon oxidation and nitrification, and nitrification of secondary effluents. Completely
submerged RBCs are used for denitrification.



Rotating Biological ContactorsRotating Biological Contactorsg gg g



Stabilization PondsStabilization Ponds
AA stabilizationstabilization pondpond isis aa relativelyrelatively shallowshallow bodybody ofof wastewaste--waterwater containedcontained inin anan
earthenearthen basinbasin usingusing aa completelycompletely mixedmixed biologicalbiological processprocess withoutwithout solidssolids returnreturnearthenearthen basin,basin, usingusing aa completelycompletely mixedmixed biologicalbiological processprocess withoutwithout solidssolids returnreturn..
MixingMixing maymay bebe eithereither naturalnatural (wind,(wind, heatheat oror fermentation)fermentation) oror inducedinduced
(mechanical(mechanical oror diffuseddiffused aeration)aeration).. StabilizationStabilization pondsponds areare usuallyusually classifiedclassified asas
aerobic,aerobic, anaerobic,anaerobic, oror aerobicaerobic--anaerobicanaerobic..,, ,,

The bacterial population oxidizes organic
matter, producing ammonia, carbon
dioxide sulfates water and other enddioxide, sulfates, water and other end
products, which are subsequently used
by algae during daylight to produce
oxygenoxygen.

Waste-water retention time ranges
b t 30 d 120 d Thi ibetween 30 and 120 days. This is a
treatment process that is very commonly
found in rural areas because of its low

t ti d ti tconstruction and operating costs.



Constructed WetlandsConstructed WetlandsConstructed WetlandsConstructed Wetlands

Wetlands are inundated land areas with water Wetlands are inundated land areas with water 
depths typically less than 2 ftdepths typically less than 2 ft (0.6 m) that support (0.6 m) that support 
thethe growth of emergent plants such as cattail, growth of emergent plants such as cattail, 
bulrush, reeds and sedges. The vegetation bulrush, reeds and sedges. The vegetation 
provides surfaces for theprovides surfaces for the attachment of bacteria attachment of bacteria 
films, aids in the filtration and adsorption of films, aids in the filtration and adsorption of 
wastewaste--water constituents, transferswater constituents, transfers oxygen into oxygen into 
the water column, and controls the growth of the water column, and controls the growth of 
algae by restricting the penetration of sunlight.algae by restricting the penetration of sunlight.

There are several types of constructed 
wetlands: surface flow wetlands, 
subsurface flow wetlands, and hybrid 
systems that incorporate surface and
subsurface flow wetlands. Constructed 

tl d t l b bi dwetland systems can also be combined 
with conventional treatment technologies.



FreeFree waterwater surface or surface flow CTWsurface or surface flow CTWFreeFree--waterwater--surface or surface flow CTWsurface or surface flow CTW



SubSub--surface Flow CTWsurface Flow CTW

AA subsurfacesubsurface flowflow (SSF)(SSF) wetlandwetland consistsconsists ofof aa sealedsealed basinbasin withwith aa

SubSub surface Flow CTWsurface Flow CTW

porousporous substratesubstrate ofof rockrock oror gravelgravel.. TheThe waterwater levellevel isis designeddesigned toto
remainremain belowbelow thethe toptop ofof thethe substratesubstrate.. InIn mostmost ofof thethe systemssystems inin thethe
U it dU it d St tSt t thth flfl thth ii h i t lh i t l lth hlth h EEUnitedUnited States,States, thethe flowflow pathpath isis horizontal,horizontal, althoughalthough ssomeome EuropeanEuropean
systemssystems useuse verticalvertical flowflow pathspaths..



HorizontalHorizontal--subsurface flow or rootzone CTWsubsurface flow or rootzone CTW

Inlet and outlet zone with coarse gravel or rocks for better distribution of 
wastewater



VerticalVertical--flow or infiltration CTWflow or infiltration CTW



Plants in Constructed WetlandsPlants in Constructed WetlandsPlants in Constructed WetlandsPlants in Constructed Wetlands
Water Hyacinth Water Lettuce - Duckweed

Irıs PseudacorusReed Mace (Typhia latifolia) Irıs PseudacorusReed Mace (Typhia latifolia)



Plants in Constructed WetlandsPlants in Constructed WetlandsPlants in Constructed WetlandsPlants in Constructed Wetlands
Cyperus alternifoliusSedge

ScirpusJuncus  species



Constructed WetlandsConstructed Wetlands

Ad t f CTWAd t f CTW

Constructed WetlandsConstructed Wetlands

Advantages of CTWAdvantages of CTW
• Low• Low--medium investment costmedium investment cost
• Low O&M costs• Low O&M costs
• Simple operation and maintenance • Simple operation and maintenance ––unskilled labourunskilled labour
• Little or no energy inputs• Little or no energy inputs
• Can be integrated into landscaping• Can be integrated into landscaping• Can be integrated into landscaping• Can be integrated into landscaping

Disadvantages:Disadvantages:
• Mosquitoes (in Free Water Surface Systems)• Mosquitoes (in Free Water Surface Systems)
• Start• Start--up problemsup problems
• Space requirement• Space requirement Space requirement Space requirement
• Variable performance possible (~ climate)• Variable performance possible (~ climate)
• Lack of good models for design and operation• Lack of good models for design and operation

L tiL ti• Low prestige• Low prestige



Constructed WetlandsConstructed Wetlands



Constructed WetlandsConstructed Wetlands

For Human Use; recreation walking, fishing, art (photography)g g (p g p y)



Completely Mixed Anaerobic DigestionCompletely Mixed Anaerobic Digestionp y gp y g
AnaerobicAnaerobic digestiondigestion involvesinvolves thethe biologicalbiological conversionconversion ofof organicorganic andand
inorganicinorganic mattermatter inin thethe absenceabsence ofof molecularmolecular oxygenoxygen toto aa varietyvariety ofof endend--gg ygyg yy
productsproducts includingincluding methanemethane andand carboncarbon dioxidedioxide..

The The two most widely used types of anaerobic digesters are standardtwo most widely used types of anaerobic digesters are standard--rate rate 
d hi hd hi h t I th t d dt I th t d d tt di ti th t t f thdi ti th t t f thand highand high--rate. In the standardrate. In the standard--raterate digestion process, the contents of the digestion process, the contents of the 

digester are usually unheated and unmixed, and are retained for adigester are usually unheated and unmixed, and are retained for a period period 
ranging from 30 to 60 days. In the highranging from 30 to 60 days. In the high--rate digestion process, the contents rate digestion process, the contents 

f th di t h t df th di t h t d d i d l t l d t i d t i lld i d l t l d t i d t i llof the digester are heatedof the digester are heated and mixed completely, and are retained, typically, and mixed completely, and are retained, typically, 
for a period of 15 days or less.for a period of 15 days or less.



Completely Mixed Anaerobic DigestionCompletely Mixed Anaerobic Digestion

AdvantagesAdvantages

Completely Mixed Anaerobic DigestionCompletely Mixed Anaerobic Digestion

AdvantagesAdvantages
ProductionProduction ofof energyenergy--richrich methanemethane
NoNo energyenergy demanddemand forfor aerationaeration
NoNo removalremoval ofof nitrogennitrogen andand
phosphorusphosphorus (this(this isis anan advantageadvantage ifif
effluenteffluent isis toto bebe reusedreused inin agriculture)agriculture)
HighHigh organicorganic loadingloading ratesrates cancan bebe
appliedapplied
SuitableSuitable forfor highhigh--strengthstrength wastewaterwastewater

LimitationsLimitations treatingtreating domesticdomestic sewagesewage
••NotNot effectiveeffective inin removingremoving nutrientsnutrientsSuitableSuitable forfor highhigh strengthstrength wastewaterwastewater

(high(high BOD)BOD)
LowLow productionproduction ofof excessexcess sludgesludge;; thethe
digestatedigestate isis highlyhighly stabilizedstabilized andand cancan

••OnlyOnly partiallypartially effectiveeffective inin removingremoving
pathogenspathogens
••DifficultiesDifficulties inin removingremoving finelyfinely disperseddispersed

lidliddigestatedigestate isis highlyhighly stabilizedstabilized andand cancan
easilyeasily bebe dewatereddewatered

solidssolids
••LowLow activityactivity atat temperaturestemperatures << 1010--1515 °°CC
••AtAt lowlow temperaturestemperatures thethe hydrolysishydrolysis raterate
ofof particulateparticulate mattermatter becomesbecomes thethe raterateofof particulateparticulate mattermatter becomesbecomes thethe raterate
limitinglimiting stepstep



THANK YOU FORTHANK YOU FORTHANK YOU FORTHANK YOU FOR
YOUR ATTENTIONYOUR ATTENTIONYOUR ATTENTION…YOUR ATTENTION…


