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Formation of Microbial Films with Phototrophs in a Packed-Bed Reactor. Kwang-Keun Oh*, Cheol-
Woo Lee, Yeong-Joong Jeon and Jae-Heung Lee. # & D Center, CHEILJEDANG Corporation, lchon 467-810,
Korea — The formation of microbial films(biofilm) by a non-sulfur phototrophic bacteria, Rhodopseudomonas
capsulata, on inorganic media was studied. Porous ceramic beads(PCB) were superior to other immobilizing
media for the biofilm formation in a packed-bed reactor. It was found that the formation of microbial films
favored a lower hydraulic retention time, showing a higher ratio of cells attatched to the media to those
suspended in the solution. The cell concentration in the biofilm reactor was as high as 11,400 mg//, which
is 8-folds of the cell concentration in an ordinary suspended treatment. It was observed that the formation
of micribial film by R. capsulata followed a general serial process of cell attachment, microcolony formation,
and biofilm formation. The microbial films thus formed was very stable even for an extremely high volumetric
BOD loading rate of 15gBOD/I-day. The scanning electron micrographs of the microbial films showed that
the cells were attached to both the surface and pores of the media.
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Table 1, Characteristics of immobilization media.

Characteristics Porous Activated carbon
ceramic bead RB4 PR 35
Type Spherical Granular Amorphous
Size {(mm) 7~8 HPpyX7~10(H) 28x40
Micropore (um) 0.1~100 ~1mm: 40% —
(Average) (14~19) (0.05)
Porosity {%) 73~178 35~40 28~32
Density (g/cm®) 0.33~0.37 0.45 0.25

AxAA FAE SAste] vh-37] g gixe
& meldt & HI|AZ A7) A]Z] GAgnE R

o719l FRA]A vES-71W ] gAlsks o
e R A7 gl FEREE v|a)Ee) ok o
AeFe] A E ubg7lo A FHeled FH4E 2~33)
A Hata A2 FA(@)E SR F L GAE
t}x] 500~550°C= 30%-7F dxe)sl FAB)E &
Asled 2 FA8 zol(@-B0)F Al4bstal FA| S-S
ghatsled A shedr)

A o ow

P ATl o2t

M e ARk’ HEe] wylew AlAsigion] 2
2| g IS 7| B R ol 4] wljekEled 2o cell:
o 15~20g/olda, H714 WERAs 373 of=
Aol A Aol A9 v2dtdc). 7] RufA]e] 7z} AR o)
By Al AdAbel vlxlE <l g zAMgE A3} R
capsulata®] Q72 Ao} mlEkise] osr=
ME od3ks W] Wstor, vh4fle]l Fasgh A3kl
Az 2RSS o 9 gl gaglew gy

F7)AR W AAE B o8] FAR 4 e
B AT e 2AEFS AEele] FrRe) e A
Fol o) ke neka, ol F12 sjo] wjoke] ufe}

of 2} cell¥sx=s A = F 9lodrl Table 29
Sepd ATk el fbAluleel o] EARERS
0.3%, 3% A7}sliE& A5 7]1E Rl A B} cellx
5 20 S F7HAH 5 Qldch

nj4¥=9te] &

PCB7} %215 PBReol| ZFalAdAqrel v y2uke 3
A GRS 12 $dAAS 7

COD+ 300~500 mg/l& S35l on] 4Fs7ue
Aeke 11,400 mg/l, A4S FAH2Fe 17.1 g/m2o] gl
, BAE v A=Y 9L 667 mY/m’, whem A
713k 9.0 gCOD/m?-dayelsich. 9] Aldlsy
W 22 whglel HAE WA ek Ao

oA o3 Helg st VYT FE Y fEpe

offt Ho

Table 2. Effect of culture media on the growth of R capsulara.

Basal medium +0.3% +3%
Na-acetate Na-acetate
Xomax {8/ 15~2 8~10 30~40
Increment fold 1 5 20
Toun (hr) 60 72 118
Yime (g cell/hr) 0.03 0.14 0.31

Xma: maximum cell mass concentration; T..: time required
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Table 3. Effect of beads on the formation of microbial films.
(HRT=1 day)

PCB PK 3-5 RB-4
Biomass in reactor (mg/l) 11400 6100 3700

Biomass on bead (g/m®) 17.1 9.5 6.7
Biofilm area (m*/m?*) 667 642 552
Feed per biofilm area 9.0 9.3 10.9
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Fig. 1. Influence of HRT on the formation of microbial
films.

Xan and X, were mdicated the amount of cells on the
microbial film and suspended cells, respectively.

®: influent COD= 10,000 mg/l; < influent COD= 20,000 mg//
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Fig. 2. The relationship of microbial film development and
cell growth in a packed-bed reactor.

O: cell growth rate; @: biofilm growth rate; ~: waste cell
forming rate.
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Fig. 3. The effect of organic loading rate on the stability

of the microbial films in two types of reactors.
HRT=1 day; ®: PBR; O: FBR
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Fig. 4. Scanning electron micrographs of microbial films.
A: SEM photograph of phototrophs immobilized in a surface
of PCB; B: SEM photograph of phototrophs immobilized
in an inner pore of PCB.
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