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Typical influent: BOD 100~160 mg/L, COD 70~130 mg/L, SS 100~200 mg/L

TN 25~50 mg/L, TP 3~5 mg/L  



Sewer is the conscience of a city. 
Les Miserables; Victor Hugo, 1862

Wastewater Treatment



Generic Treatment Process Train



Primary Clarifier

Removes      50 to 65 % of TSS

25 - 40% of BOD5

¶Slow settling (HRT 1.5ī3 h)



Pollutant Size and Treatment Method



Secondary Treatment

¶Biological Treatment (activated sludge process)

ï First goal is to remove BOD from solution.

ï Some of it is mineralized to CO2, and some of it is converted to biomass 

(sludge) and discarded.

Organics (BOD) + O2Ą Bacteria + CO2 + H2O + NH3

ï Bacteria concentration is measured as Volatile Suspended Solids (VSS)

ï Measure first the total suspended solids (TSS) by filtration and drying, and 

the inorganic (fixed) content (FSS) as the residue left after burning TSS at 

500ęC. 

ï Organic content (VSS) converts to CO2 and is calculated as the difference 

(VSS = TSS-FSS)



Microbial Growth Kinetics

¶First Order!!!!  (exponential growth)

Binary Fission (1 Ą 2 Ą 4 Ą 8 Ą 16)

g
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rg = microbial mass growth rate

X = concentration of organisms (as VSS/L)

ɛ = specific biomass growth rate coefficient (t-1)

Note, ɛ depends on the substrate concentration 



Example

¶E. coli growing on glucose, batch system

Xo = 1000, X = 100,000 after 90 minutes.  

What is the doubling time?

µ =                               = 0.051 min-1

and recall than for exponential growth td= ln 2/µ 

td = ln2/0.051 = 13.5 min
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Example

¶E. coli is now growing in a steady-state chemostat (CSTR).  

What is the doubling time?

Stead state mass balance on biomass

Out = In + Growth

Ý Q X = 0 + V (dX/dt) = V (µ X)

Ý Q = V µ

Ý µ = Q/V = 1/q

At any time, biomass present in reactor = VX  (constant, SS)

In a time t = q, biomass leaving reactor = QX q= VX

This is the same amount that was present at t = 0

Thus, biomass  doubles in t = qand since q=1/µ, td = 1/µ

Q Q

X

V    X

q = V/Q

(HRT)



Monod Equation: Growth Rate

Å µ is not constant, depends on substrate concentration

Å Substrate = 0 then growth = 0

Å Growth rate increases with substrate concentration, until you reach 

metabolic limits

Thus:
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ɛmax = maximum specific growth rate (t-1)

S = substrate concentration (as mg BOD5/L)

Ks = half-velocity constant ([S] when half mmax is achieved)
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Monod Equation: Growth Rate
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¶Combining previous two equations:
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rg = microbial mass growth rate

X = concentration of organisms (as VSS/L)

ɛmax = maximum specific growth rate (t-1)

S = substrate concentration (as mg BOD5/L)

Ks = half-velocity constant

Microbial Growth Rate



Rate of Substrate Consumption

¶Termed SUBSTRATE UTILIZATION:

(i.e., growth rate = Y ěutilization rate)
g
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rsu = rate of substrate utilization

rg = mass growth rate

Y = Yield coefficient = -ȹX/ȹS

(biomass (VSS) grown per BOD5 consumed)

ã How fast is BOD5 removed?



¶The maximum specific growth rate ɛmax is related by the Yield Coefficient 

(Y = biomass produced per waste consumed) to the maximum specific 

substrate utilization constant, k:
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¶Combining equations:
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Rate of Substrate Consumption



¶First order as well:
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¶Thus Overall Growth Rate  (rôg):  
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Microbial Death Rate



¶Assuming Monod kinetics (ɛmax = 3 d-1, kd = 0.06 d-1, Ks = 60 mg/L)  

what will be the effluent BOD concentration?

Example



Assume completely mixed, steady state

Mass balance on biomass:

Q X0ïQ X + V rôg = 0

As for chemostat example, X0 = 0, Thus

and V/Q = q= 200/50 = 4 d, solvingmax0
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Example (solution)




