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Fig. 1. Schematic diagram of the biofilm formation
system.
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Fig. 2. Scanning electron micrographs (SEM) of biofilms on galvanized-iron coupons in the biofilm formation
system by contact period.

A, naked surface of a coupon just before operating the system, on which a lot of micro-cavities and
crevices are observed (2,020x). B. 3-day-immersed coupon. the surface of which is conditioned by
organic molecules and microcolonies are attached to them (2.210x); C. one-week-immersed coupon,
the conditioned surface area of which is extended and chain-forming micrococci with a diameter of
0.5 um and clusters of yeast-like microorganisms are attached to organic molecules (3.100x); D, 2-week-
immersed coupon, the surface of which is covered with thick layers of organic molecules and
micrococci are embedded into them (9.400x). E. 3-week-immersed coupon. on the surface of which
lots of clusters of spherical microcolonies are observed (2.260x). F, on the surface of a 4-week-immersed
coupon. the same kinds of clusters of spherical microcolonies as the 3-week-immersed one are observed
but the density is lower (2.260x).
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Fig. 2. Continued.
G, in the biofilm of a 6-week-immersed coupon, some genera of diatoms such as Minidiscus are involved
as a member of microbial consortia (3.190x); H. clusters of spherical or rod-shaped microcolonies
are associated with the biofilm matrix of a 6-week-immersed coupon, as well (7.970x); I, in the biofilm
of a 7-week-immersed coupon, unidentified eucaryotes are found as another member of the microbial
consortia (1,390x); J, after 3 months immersion, filamentous microorganisms, a climax member, are
shown on the thick and compact biofilm matrix (2.550x); K. on the surface of a filtered membrane
with the 3-week-immersed effluent from the biofilm formation system, free-living bacilli are rarely
shown, and the density of microorganisms in the effluent are very low (9.820x); L, but on the surface
of a filtered membrane with 4-week-immersed effluent, the massive fractions of desorbed biofilms are
frequently observed and a lot of tiny coccoid or rod-shaped bacteria are attached to them (10,100x).
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Table 1. HPC bacteria identified from tubercles in water mains (18-year old) and those from waters and biofilm
in the biofilm formation system (4-week immersion).

No. of bacteria

No. of bacteria in the biofilm formation system

Generic name

in tubercles Influent Effuent Biofilm
Pseudomonas 21 (43%) 13 (65%) 5 (25%) 18 (56%)
Acinetobacter 13 (27%) 1 ( 5%) 1 ( 5%) 2 (6%)
Moraxella 9 (18%) 5 (25%) 11 (55%) 8 (25%)
Flavobacterium 0 0 0 1 ( 3%)
Pasteurella 1 (2%) 0 0 0
Chromobacterium 1 ( 2%) 1 ( 5%) 1 ( 5%) 0
Neisseria 1 (2%) 0 1 ( 5%) 0
Micrococcus 3 ( 6%) 0 1 ( 5%) 3 (10%)
Sum 49 (100%) 20 (100%) 20 (100%) 32 (100%)
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53] 30Y F9o HEY vl dAde e
| Ee] SR A7Ele AR v Ee] (21,22)
ZN\ZER Axs] Fatse] glglelk Sl A
WA EA ] Hol= Hb=A] doj}u o]2]Fh Holo
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oJate] AJEute]l zdgeiAe] TAZHAN ]
s $lshA gl €lck Marshall 5 (20)2 B.1.8193
o} o] A HledekatA ol HEE HAskE v Y&
FTEAE F-E5EY M9l 5 EAA) A4,
AHGAA G EHE A7 A} A& ¢ gl
o] &g Fowx wo) fud AU A9
7HAA He Aolth(7.18). £ Ao Y A
Z2el| A Heldl wELS wid F 259" nlate
ofdk 7 WHeME % fpAEglen o] w3
Foll A= o] utell AT (stalk)g o) g-stod Hudef 7
zte]o] Ql= HAEAal Gallionella®} At o 2
A WP}l Streptomyces7t WIH3A] BAE Ao g
B =} (25)

o)RA okl /)4 Ewe) WBe} wjEe s
Tl osted 37jYute] Ao obAwiAlQl ke
Ehgh o R A7tEw, gEld fxate] wjAdw
oAnp AaElA] kol Wil P PEate] Hep}
w@ap ol oJzle] frale] olzld slside] &ald
Zlojct.
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Ao 2 S
g a2 8
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ABSTRACT: Microbial Succession on Biofilms in Drinking Water Distribution Pipes

Park, Seong Joo, Jae Chang Cho, and Sang-Jong Kim* (Department of
Microbiology, College of Natural Sciences, Seoul National University, Seoul
151-742, Korea)

The biofilms produced on the surface of galvanized-iron coupons, most popular materials
of drinking water distribution pipes in Korea, were observed by scanning electron
microscopy. After 3 days immersion in the biofilm formation system, organic particles were
adsorbed primarily to the crevices or cavities of coupons, and thus the surfaces were
conditioned and occupied by spherical microcolonies with a diameter of 0.2~0.5 ym. One
week later microcolonies were succeeded to chain-formed micro-coccoid cells. They were
succeeded to clusters and the organic layer was thickened and expanded in 3 weeks. Four
weeks later, it was observed that fractions of biofilms and biofilm bacteria were desorbed
and released to the bulk water. After 6 weeks, the surface of coupons was completely covered
with layers of organic molecules, in which many micro-coccoid cell clusters were embedded.
In addition, the microbial consortia were formed by members of bacilli-shaped cell clusters,
eucaryotic cells including yeast-like cells and diatoms, and micro-coccoid cell clusters.
Finally, filamentous microorganisms, a climax member of the microbial consortia, were
observed from the 3-month-immersed coupon. It was considered that the dominant micro-
coccoid bacteria in the early stage biofilm resulted from the bacterial survival strategy that
the bacterial cells in an oligotrophic environment reduce their volumes and are adsorbed
to the solid surface on which organic molecules are accumulated. These observations gave
us the information that the climax biofilm would be formed in the drinking water
distribution pipes only in three months of installation. Thereafter, even if treated waters
without any microorganism are introduced into the distribution system, tap waters from
pipe-end may contain high density of microorganisms due to the desorption or detachment
of biofilms.





