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Summary

The efficiency of the degradation of phenol in the presence of copper ion by immobilized
cell was evaluated on the basis of the dynamic behavior of permeation of phenol and copper
ion into gel bead. As a result of measuring concentration distribution of phenol and copper ion
in the gel bead, it was found that the region where cell growth was not inhibited existed in
the center part of the gel bead due to the low concentration of copper ion, and the cells could
degrade phenol relatively easily in that region. The immobilized cell degraded phenol almost
completely under fairly high concentration of copper ion, i.e. 1~10 mg/¢. The mathematical
model was presented for representing cell growth and phenol degradation in the gel bead, and
the calculated values were verified experimentally in a batch treatment. It was suggested that
the immobilized cell could degrade phenol in the presence of copper ion not only in a batch
treatment but also in a continuous treatment.

Key words: immobilized cell treatment, copper ion, immobilized growth model, phenol
degradation, gel bead
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Fig. 1 Time courses of copper ion concentration
in gel bead at radial distance of 0~1, 1~
2, and 5~6mm from surface of gel bead
in the diffusion experiment of copper ion

Symbols: O, 0 ~ lmm; [, 1~ 2mm; 24,
5~6mm
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Fig. 2 Time courses of phenol concentration in
gel bead at radial distance of 0~1, 1~2,
and 5~6mm from surface of gel bead in
the diffusion experiment of Phenol

Symbols: O, 0~1mm; [J, 1~2mm; A, 5~
6mm
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Fig. 3 Time courses of copper ion concentration
and phenol concentration in aqueous solu-
tion in the diffusion experiment of copper
ion and phenol into gel bead

Symbols: O, copper ion concentration; [,
phenol concentration
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Fig. 4 Conentration distribution of copper ion and
phenol in radial direction from surface of
gel bead at 2h in the diffusion experiment
of copper ion and phenol

Symbols: O, copper ion concentration; [J,
phenol concentration
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Fig. 5 Time courses of phenol concenteation in
aqueous solution in the diffusion experi-
ment of phenol ion gel beads (diameter,
4mm; number, 2900; total volume, 100m2)
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Fig. 6 Time course of dissolved oxygen concentra-
tion in the addition experiment of cells
into saturated oxygen aqueous solution

FOMEE D SR OMEFFHIC X 2 BAIRER, BEAREEL
FEELL)OBEHEERIT X107 (¢-h) &HfE
ah7z,

3. 3 BETEICLIB\IAE8F7 2/ —ILOUNE
EEFIRNDIRE

3. 3. 1 BETHEOMEET 1/ —ILONE

Fig. 7\13f 4 DBEEDRA + v EF 7 =/ — VOREE

LRIIZ B 2 FHEEREREL 7 2/ — VIREOR

— 328 —



5 500

Phenol

4100

o
o

Averaged optical density of cells [-]
Phenol concentration [mg/L]

0.1 {10
0.05 " 4 15
d
A X
4
0.01§ 5 45 1

Time [h]

Fig. 7 Experimental result and model simulation
in batch culture of phenol degradation un-
der various copper ion concentrations by
immobilized cells

Solid lines show the calculated values. Sym-
bols: O, @, no copper ion; [, [N,
Img/2; O, A, 3mg/e; O, <P, Smg/e ; V, Y,
10mg/2
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Fig. 8 Dynamic behaviors of phenol concentration and copper ion concentration in the change from a batch op-

eration to a continuous operation by immobilized cells (initial phenol concentration, 100mg/¢ ; initial

copper ion concentration, 10mg/4)
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