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This lecture

= Why disinfection?

-—pt

= Theory of disinfection

= Different types of disinfection




Objective of disinfection

Protozoa Bacteria Viruses

= |nactivation/removal of pathogenic microorganisms
= Prevention of (re)growth



Disinfection mechanisms
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Oxidation or rupturing cell wall

= Diffusion into cell

= Damaging DNA
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Disinfection kinetics (reaction rates)

Chick — Watson:

ln(Nﬁ)=_KCW@

0
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N  Number microorganisms [CFU/100 ml]

N, Initial number microorganisms [CFU/100 ml]
K., Specific lethality [I/(mg-s)]

C  Concentration [mg/L]

t Time [s]



Required
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Disinfection kinetics (reaction rates)

Disinfection kinetics depend on:
= Type of microorganism
= Type & concentration of disinfectant
= Temperature

[ ] pH

Disinfection efficiency depends on:
= Reaction rates

= Water matrix (e.g. Natural Organic Matter & NH,)
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Disinfection methods




Chlorination

Application: chlorine gas or sodium hypochlorite

Cl, + H,0—>HOCI + H* + CI
HOCI <> H* + OC

Cl,= chlorine gas
HOCI = hypochlorous acid
OCl- =hypoclorite
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Effects chlorination

Organic compounds =2 NH,Clor 4
disinfection by-products: [mol/m] Breakpoint

* Trihalomethanes |—( :

= Haloacetic acids

NH2§CI ¥ HOCI
Inorganlc CompoundS: Phase 1 I Phase 2 Phase 3 Added C=|2
e T e T e T
= NH,* [mol/m?]
= Breakpoint chlorination NH,* + HCIO —> NH,Cl + H,0*

2NH,Cl + HCIO + H,0—> N, + 3H,0* + 3 CI-



Advantages & disadvantages chlorination

Advantages:
= Residual prevents L>
. . . . Suspended
recontamination & regrowth Suspended - Lo lCorrosuon solids
sloughing
. B Precipitation &
Disadvantages: depeiong S5, fiodaetin
resuspention @c,o : load
; Bedloa
" Not effective for protozoa _| tanspart

= Danger of handling chlorine
= Formation of disinfection by-products (DPB)

- Dutch approach: disinfection without chlorine



Alternative types of disinfection

Ozone (O,) UV-radiation Slow sand
filtration

Managed

aquifer recharge Membranes




Differences disinfection methods

: Slow sand
Chlorine Ozone uv Hltration
Operation Easy Difficult Difficult Easy
Costs Low Moderate High High
Effective for protozoa No Yes Yes Yes
DBP Yes Yes No No
Residual Yes No No No




Multi-barrier system

FeCl; (iron chloride)

I'—;> to5
- sludge

raw water

feseroir buffer reservoir

| HClI (hydrochloric acid)

garnet sand

L,

) B t o il
N N | O (oxygen)
ft NaOH
o. )H NaOH marble Waterair. (caustic soda)
h {azone) (caustic soda) pellets



Log Reduction Value (LRV)

: in

LRV =log(in)-log(out) =log| —

out
1 log = 90%
2 log =99%
slog=oosns | omne | | SEEW L
4 |Og =99.99% in :.[ l_I:I_I | I Il out in 44 ____________________________________________ ]_m out
E.coli [N/L] 1200000 478 95

\ ' ) |\ ' |
LRV [‘] Iog(1200000)=3.4 + Iog(4—78)=0 7
478 95



Design

= Plug flow instead of complete mixing
= Avoid short-circuiting
= Bypassing causes a dramatic

reduction in disinfection

% in[N/LI out[N/L] LRV
Ozone Ozone 99 1,200,000 478 3.4

TR Bypass 1 1,200,000 1,200,000 O

Total 100 1,200,000 12,478 2.0




Distribution without chlorine

* No nutrients for regrowth

* No leakage during transport &
distribution

= Sufficient pressure in the

network

Only place where we still
allow chlorine in water...
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