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Bacterial inactivation by chlorine
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Water treatment with chlorine
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Kinetics of chlorine treatment
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Effect of increasing chlorine concentrations
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Measuring bacterial viability in chlorinated systems

Chlorine concentration (in mg L)
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Chlorination of water — comparison of FCM with cultivation

Chlorine concentration (in mg/L), exposure time 30 min
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Cell count/ml

Measuring bacterial viability in chlorinated systems
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Regrowth after chlorination and after UV
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Chlorine and UV can cause a phage-resistant phenotype
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Chlorine and UV can cause a phage-resistant phenotype
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The importance of pH




pH dependence of chlorine

HOCI < > H" + OCI 1005 ——— PK; 0%
75 = 25
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Hypochloric acid (HOCI) reacts faster than hypochlorite ions (OCI); it is 80-
100% more effective. Chlorine disinfection is most effective at 5.5 < pH < 7.5.
Even a 0.1 unit change in pH can cause a significant change in the ratio

between HOCI and OCI-.
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pH dependence of chlorine

decreasing pH

Chlorine concentration
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pH dependence of chlorine

PHG PHG.5 pHY pH7.5 PHS

FOZ2 EC 10 ppm <l pHE 8GRI FO3IEC 10 ppm <l pHE, 5 5GP FO4 EC 10 ppm Gl pHY 5GP FOa EC 10 ppm <1 pHY 8 8GRI FOB EC 10 ppm Gl pHE 5GP
= Gate: [Mo Gating) = Gate: [Mo Gating) = Gate: Mo Gating) = Gate: [Mo Gating) o Gate: [Mao Gating)
k| k| % % 3 %

EE EE EE
x5 g x5 g < <% g <
[yr) 3 [yr) 3 o [yr) 3 o
— — — — - — — -
™ — o - [ [T — [

EE EE EE

fsalll T T T TTTTAT T TTTTI T TTTT fsalll T T T TTTTAT T TTTTI T TTTT fsalll T T T TTTTAT T TTTTI T TTTT

PO wt a8 PR PO wt a8 PR . PO wt a8 PR
FLT-A FLT-A FL1-A FLT-A

=
SIWWE e ) _




pH dependence of chlorine

Basic pH

Acidic pH
HOCI
\ HoCl
HOCI
HOCI

=
= IWW © IWW Zentrum Wasser

The efficacy of disinfection is determined
by the pH of the water.
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pH dependence of chlorine
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pH dependence of chlorine
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Chlorination in the presence
of turbidity
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Chlorination in the presence of turbidity: humic acids
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Chlorination in the presence of turbidity: chalk

E. coli
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Regrowth in distribution systems




Distribution network re-growth
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Bacterial integrity in chlorinated DWDS
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Bacterial integrity in chlorinated DWDS
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Bacterial integrity in chlorinated DWDS
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Bacterial integrity in chloraminated DWDS
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Regrowth potential
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Biologically stable water vs. water with chlorine residual
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The importance to measure ICC
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Water Reuse — distribution system
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Assessment of required chlorine concentration
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Regrowth potential of works final water
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Flow cytometry for process
control
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Process monitoring: ultrafiltration
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» Microbiology of raw water subject to variations

» Fast discrimination btw. leaky membrane and regrowth.
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