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Oxidation of Organic Compounds
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¢+ Oxidation is loss of electrons
*+ Organics are oxidized
+ Electron acceptor 1s reduced



Overview of cell metabolism

Waste products
fermentation products:
acids, alcohols, CO,,

| and so on; reduced
electron acceptors)

Mutrients for biosynthesis

Chemicals, light
(energy source)




Synthesis of Cell Structures

Sources of energy

Macromolecules

Carbohydrates Carbohydrates
Lipids PEE—— Proteins
Proteins Lids

Catabolism
Releases energy

Anabolism
Requires energy

!

End products with
reduced energy
CO,, H,O

Simple building
blocks
Sugars

Amino acids




Enzyme structure
* simple enzymes __, consist of protein alone

ENZYME ACTITON
Enzyme Substrate Enzyme [ Substate Enzyme
molecule molecule comple x molecule rth:-lecules
\

active site = the site that accepts a substrate



Alternative energy generating
patterns)

Aerobic respiration

Organic compound » CO,

Carbon flow
Proton | Electron
ATP ———— motive | flow
force

Biosynthesis

O,



Alternative energy generating
patterns(2)

Anaerobic respiration

Organic compound » CO,
Electron Carbon flow
Proton flow
ATP —=— motive
force

NO, S0, Organic electron acceptors

Biosynthesis



Alternative energy generating
patterns)

Chemolithotrophic metabolism

Inorganic compound CO,
ATP —— Proton | Electron Carbon
motive | flow flow
force
Y Y

Oo Biosynthesis



Table 2.3 Trophic cdassfication of microarganisms {adapted from Ritmans and 4 oCarty, 2001; Metcalf & Eddy, 1o0%)

Energy source Carben source’
Electrom demor Floetron seoeplor Tupecal produets’
hit: Tlrerabal of e dopor

Orgapoloph Aembed hotesotrophs O i iy Ck, HAT Chrganie
Dhenidrifiers Cirganic Oy, MO M2, 00y, 0 Chrganic
Fenmnentivg organisms O g Cipganie Opanic: VEAE"  Organic
Lion reducers Ohganies Fe il Fe il Crrzanic
Sulfate feducers Aeelate S0n" H.S Acetate
Methanogens facetoglnsic  Adsiale HEH] TS CHy ALk

Lithatmgh  Mitrifiers: AR MH,* O MO Cik
Miirifiers: NOB' R s MOy ik
Anammox hocleria MH, O M CO
Dienitrifiers H, B0, MO M, H. Co,
Dienitrifiers 5 Oy, MO M, 500, M0 Lk
Iron exidizers Fe (11} 01, Fe {1 O,
Sulphate reducers H, B0 H;S, Hy C0
Sulphale oxidizers H5, 5 50,7 N 18 T ik
Aerabic hydrogenatrophs H, 0; B0 Coy
Methanogens H; Cidy CHy Clky
A, plans HAY coy, 4N Crly

I-"I'rulnEn.mai: Taetera Hq& el Ly (EF Ok

Carlimn scamce: organic for Beleratroghis and inorganic (00, Sor autilroghs: sdwetrople tan wee both. S Typical peadnets. O snd H0 are
products of cotafyss (energy genesafion) by many mico-coganisims, © VEAs wolatile Gty azids fivpically sceiaie, propeons, butyraic).
*ACE: aenzonin coddieing hacteria " NOB: nitrite oxidizing bacteria. * Ansmeves: araerobic smmonii oxidizing bateria



Table 3.1 Wastewater types

Wastewater from society
Domestic wastewater
Wastewaler from institutions
Industnal wastewater
Infiltration into sewers
Stormwater

I.cachale

Septic tank wastewater

Wastewater generated internally in treatment plants
Thickener supernatant

Digester supernatant

Reject water from sludge dewalenng

Dramnage water from sludge drving beds

Filter wash water

Equpment cleamng waler




Table 3.2 Constituents present in domestic wastewater (based on Henze et al., 2001)

Wastewater constituents
Microorganisms
Biodegradable orgamic
malcnals

Other organic malenals

Nulrients

Mculs
Other inorganic matenals
Thermal eflects

Odour (and taste)
Radioactivily

Pathogenic bactena, virus and worms cggs
Oxygen depletion in nivers, lakes and fjords

Detergents, pesticides, fat, ol and grease,
colouring, solvents, phenols, cyamde

Nitrogen, phosphorus, ammonium

Hg. Pb, Cd, Cr, Cu, Ni
Acids, Tor example hydrogen sulphide, bases
Hot water

Hydrogen sulphide

Risk when bathing and catng shellfish
Fish death, odowrs

Toxic effect, acsthetic iInconveniences,
bio accumulation 1n the food chain

Eutrophication, oxyvgen depletion, toxic
cffect

Toxie effect, boaccumulation
Corrosion, toxic effect

Changing living conditions for flora and
fauna

Acsthetic inconvenences, toxic effect
Toxie effect, accumulation




Table 3.4 Vanations in person load (Henze et al., 2001)

Parameter Uit Range
Cop gcapd 25.200
BOD g'capd 15-80
MNitrogen gcapd 2-15
Phosphorus grcapd -3
Wastewater m"cap.d 0} 05-0 40

Table 3.5. Person load in various countries in kg/cap.yr(based on Henze ct al, 2002)

Parameter Brazil Egvpt India Turkey us Denmark (Germany
BoD 20-25 10-15 10-15 1015 335 20-25 20-25
188 20-25 15-25 15-25 30-35 30-35 30-15
N total 3.5 3.5 3.5 5.7 3.7 4-6
P tostal 0.5-1 0.4-06 0.4-06 0812 0812 0.7-1

Table 3.7 Typical content of nutrients in raw municpal Parameter

w“tm!ratlr with minor contributions of industrial wastewater COD total

{in g/im") COD soluble

Parameter High Medium Low COD suspended

M total 100 ) 30 ROD

Ammoma N T5 43 20 VEA (as acetate)

Mitrate * Kitnite N 05 02 0.1 M total

Orgamc N 25 10 15 Ammonia-N

Total Kpeldahl N 103 0 30 I total

* 1otal 25 15 6 Ortho-1

(riho-P 15 10 4 T5%

Orgame P 10 5 2 ey

[ raw municipal wastewater

rial wastewater
High Medium Low
1.200 750 SO
ARO AN 204
T20 450 300
S6d) 350 230
RO 30 10
100 ol 30
75 45 200
25 15 [
15 10 4
GO0 4040 250
450 320 200




