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Characteristics of Community-Level Physiological Profile (CLPP) of
Biofilm Microorganisms Formed on Different Drinking Water
Distribution Pipe Materials
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Abstract

This study investigated the physiological characteristics of biofilm microorganisms formed onto the different
drinking water distribution pipe surfaces. The simulated drinking water distribution pipe system which had
several PVC, STS 304, and GS coupons was operated at flow velocity of 0.08 m/sec (Re 1,950) and 0.28
m/sec (Re 7,300), respectively. At velocity of 0.08 m/sec, the number of viable heterotrophic bacteria in the
biofilm over the 3 months of operation averaged 3.3 x 104, 8.7 x 10%, and 7.2 x 10° CFU/cm? for PVC, STS,
and GS surfaces, respectively. The number of attached heterotrophic bacteria averaged 1.4 x 103, 5.6 x 102,
and 8.5 x 10° CFU/cm? on PVC, STS, and GS surfaces at the system with relatively high flow velocity of 0.28
m/sec. The changes of physiological profile of biofilm-forming microorganisms were characterized by
community-level assay that utilized the Biolog GN microplates. Biofilms that formed on different pipe surfaces
displayed distinctive pattems of community-level physiological profile (CLPP), which reflected the metabolic
preference for different carbon sources and/or the utilization of these carbon sources to varying degrees. The
CLPP pattemns have shown that the metabolic potential of a biofilm community was different depending on the
pipe material. The effect of the pipe material was also characterized differently by operation condition such as
flow rate. At flow velocity of 0.08 m/sec, the metabolic potential of biofilm microorganisms on GS surface
showed lower levels than PVC and STS biofilms. For biofilms on pipe material surfaces exposed to water
flowing at 0.28 m/sec, the metabolic potential was in order of PVC>GS>STS. Generally, the levels of the
bacterial biofilm’s metabolic potentials were shown to be notably higher on pipe surfaces exposed to water at
0.08 m/sec when compared to those on pipe surfaces exposed to water at 0.28 m/sec.
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Fig. 1. Schematic diagram of the simulated water distribution pipe used in experiment: (a) flowmeter, (b) tank, (c) pipe section, (d) biofilm

test plug.
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Table 1. Characteristics of the tap water sample used in experiment

Parameters Average Range n®
pH 6.87 6.80~7.20 50
Total chiorine (mg/L) 022 0.10~0.30 65
Free chlorine (mg/L) 0.20 0.05~0.28 65
Alkalinity (mg/L as CaCO,) 385 30~50 30
Hardness (mg/L as CaCOj) 55.5 4264 30
NHz-N (mg/L) 0.025 0.003~0.048 30
PO,-P (mglL) 0.010 0.005~0.025 30
TOC (mg/L) 0.57 0.52~0.65 65
BDOC (mg/L) 0.25 0.10~0.48 35
AOC (uglt) 38.0 25.0~455 35
HPC (CFU/mL) 15 3~50 50

n: number of measurements during a 3-month period
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2.3.3. Community-level assay
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Fig. 2. SEM photos showing biofilms formed on several coupons after 3-months exposure to tap water at 0.08

m/sec (Re 1,950) of flow velocity.
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Fig. 3. Viable counts of heterotrophic bacteria in the biofilms
formed on PVC, STS, and GS surfaces in simulated
drinking water distribution pipes which were operated at
either (a) 0.08m/sec (Re 1,950) or (b) 0.28m/sec (Re 7,300)
of flow velocity.
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Fig. 4. CLPP patterns of biofilm microorganisms formed on several
pipe surfaces exposed to tap water at 0.08m/sec (Re
1,950) of flow velocity.
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Fig. 5. (a) Numbers of utilized substrates and (b) MP! (metabolic
potential index) of biofilm microrganisms formed on several
pipe surfaces exposed to tap water at 0.08m/sec (Re
1,950) of flow velocity.
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Fig. 6. CLPP pattems of biofilm microorganisms formed on several
pipe surfaces exposed to tap water at 0.28m/sec (Re
7.,300) of flow velocity.
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Fig. 7. (a) Numbers of utilized substrates and (b) MPI (metabolic
potential index) of biofim microrganisms formed on several
pipe surfaces exposed to tap water at 0.28m/sec (Re
7,300) of flow velocity.
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