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Comparison of Biofilm Removal Characteristics by Chlorine and Monochloramine in

Simulated Drinking Water Distribution Pipe
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ABSTRACT : This study investigated the characteristics of the biofilm removal by free chlorine or monochloramine. The simulated
drinking water distribution pipes on which biofilms had been formed were supplied with tap water containing 0.5, 1.0, 2.0 mg/L of free
chlorine or monochloramine residuals. The biofilm removal was characterized by measurement of attached HPC and biomass on pipe
surfaces. Chlorine was more effective in both inactivation of attached viable heterotrophic bacteria and removal of biofilm biomass com-
pared to monochloramine. Biofilm matrix was not much eliminated from the surfaces by monochloramine disinfection. Free chlorine residual
of 2.0 mg/L. was found to be effective in biomass removal. However, biofilm level as low as 10 CFU/em?® of attached HPC and 5 ug/cm
of biomass still remained on the surfaces at 2.0 mg/L of chlorine residual. The measurement of biomass appeared to be a useful means
in evaluating the characteristics of biofilm removal.
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Fig. 1. Schematic diagram of the model pipe system used in
experiment.

Table 1. Characteristics of the tap water sample treated by
GAC column during the experimental periods

Parameters Average Range

pH 6.90 6.75~17.03
Alkalinity (mg/L as CaCOs) 30.0 25~40
Hardness (mg/L as CaCOs) 35.0 30~45

Free chlorine residual (mg/L) ND* ND*

NH3;-N (mg/L) 0.010 0~0.015

PO4P (mg/L) 0.010 0.005~0.030

TOC (mg/L) 0.23 0.12~0.30

BDOC (mg/L) 0.10 0.05~0.20

HPC (CFU/mL) 70 5~4.5%10°

“ND = not detected
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Table 2. Best fit kinetic parameters for inactivation of atta-
ched heterotrophic bacteria by free chlorine and mo-
nochloramine at different residual concentrations
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Fig. 2. Inactivation of attached heterotrophic bacteria within
biofilm by (a) free chlorine and (b) monochloramine
at different residual concentrations in the simulated
water distribution pipe. Zero-day values indicate HPC
levels within biofilm before disinfection.
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"R? = The coefficient of determination that denotes the proportion
of the total variability in the dependent variable that is accounted
for by the regression equation

¥ = the number of data points used for the regression
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Fig. 3. Removals of the biomass by disinfection with (a)
free chlorine and (b) monochloramine at different re-
sidual concentrations in the simulated water distribu-
tion pipe. Zero-day values indicate levels before disin-
fection.
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Table 3. Best fit kinetic parameters for removal of biomass
by free chlorine and monochloramine at different
residual concentrations

Disinfectant cogfesrtctlri:on (p;'/l(c::nz) (ug’lclll(lbzday'l) LY
0.5 mg/L  {0.0252+0.0014 |0.0030+0.0003;0.9738 ) 5

Cl: 1.0 mg/L  [0.0315=0.0040 0.0083+0.0008|0.9738| 5

2.0 mg/lL  [0.0313£0.0052 0.0192+0.001010.9917| 5

0.5 mg/L }0.0253£0.0006 0.0010£0.00010.9522| 5

NH.ClI 1.0 mg/L  [0.0270=0.0008 0.0014£0.0002 [0.9637| 5
2.0 mg/L  |0.0279+0.0011 0.0032+0.000210.9862] 5

*R® = The coefficient of determination that denotes the proportion

of the total variability in the dependent variable that is accounted
for by the regression equation
* 1 = the number of data points used for the regression
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Fig. 4. Photos of scanning electron microscopes; (a) biofilms attached to PVC surface before disinfection, (b)é& (c) surfaces
after 10 days exposure to free chlorine of 2.0 mg/L, and (d) biofilms attached to surface after 10 days exposure to

monochloramine of 2.0 mg/L.
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Fig. 5. Measurement of loss of (a) free chlorine and (b) mo-
nochloramine residuals from the effluents of PVC pipes.
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