CE 523 Assignment 9 Disinfection

QUESTION 1  Pseudomonas aeruginosa bacteria were reduced by 3 orders of magnitude when subjected to 0.2 mg/L of ozone for 2 minutes.  Calculate the contact time required to achieve a 6-log inactivation at the same concentration.  What concentration would be required if it is only practical to provide a contact time of 2 minutes?  Watson’s Law for ozone is C1.2t0.9  for a given fractional inactivation.  Inactivation of bacteria follows Chick’s Law for a given concentration of disinfectant.

From Chick’s Law for same concentration of disinfectant:

N/No
=
e-kt

where  N    
= number of bacteria remains after time, t






No 
= number of bacteria at time, t = 0






k   
= constant (t-1)

It was found that bacteria reduced by two orders of magnitude or by 3 logs at a concentration of 0.2 mg/L of disinfectant, i.e. 99% inactivation, i.e.

N/No

=
1 – 0.999
=
0.001


ln N/No
=
k’cntm 

(  k’  =  25.5 
ln 10-6 

=
-25.5 x 0.21.2 x t0.9   ( t = 4.32 min

C

= 
 [(ln 10-6)/k.tn]1/n   =  0.36 mg/L
Note that this is an oversimplification as ozone concentration would have to be kept constant.  This would have to be done artificially as the ozone concentration will be inclined to drop according to some first order reaction itself.
QUESTION 2   Water is ozonated and then discharged into a baffled tank with a retention time of 5 minutes.  The ozone residual immediately after ozonation has a half-life of 2 mins.   What would the ozone concentration need to be to maintain a Ct value of 0.5 mgL-1min?    

Ozone decomposition:  dC/dt  = kC, from integral: ln C/C0  = -kt
Halflife means time for C/C0 = ½  

ln C/C0
=  -kt  = 2t ( k  = 0.35

For the Ct = 0.5, the integral of Ct =0.5, i.e. 
(  Ct.dt  for 0 to 5 min, i.e. 








(
Determine required C0 from this to be about 0.21 mg/L
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Be careful now: ClO2 dosages should probably not be above 1 mg/L to avoid the Clean Water Act rule: ClO2 and its byproducts should have a concentration below 1 mg/L.
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