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Abstract

An equation of specific substrate utilization rate for immobilized microorganism was derived
in consideration of external and internal diffusional resistances and microbial substrate utiliza-
tion. It was expressed by the Michaelis-Menten equation modified replacing the maximum
specific substrate utilization rate to s,u, and the Michaelis constant to (K,/K+6,) in the case
of G,6,/(C,+K,/K+6,)2<1.

The experimental results of immobilized ammonium and ferrous iron oxidizing bacteria
showed that &, should be considered because ratios of ¢, to K, were 0.34 and 1.14, respectively.
On the other hand, when microorganisms were dispersed in a culture medium, & could be
ignored even in a moderate agitation condition.

Keywords : immobilized microorganism, Michaelis-Menten equation, specific substrate utili-

zation rate
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Fig. 1 Schematic of substrate concentration profile
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Fig. 2 Relationship between non-dimensional sub-
strate concentration and non-dimensional sub-
strate utilization rate
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3. BEAHMEDOBHZEREICET HRR

3.1 EREEBLUHHE

TR L UTRRA 4 BB 7 v ov—F 14 b
IRA-938%2 v, 727 EBE & 4BR/LEE
(Thiobacillus ferrooxidans) D 2 BOBLEYNZ DT
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Table 1 Substrate composition for ammonium oxidiz-
ing bacteria

(NR4) 2504 0,1415g
(30mg as N)
NaCl 0. 085¢
KHPO, 0.283¢
MegS0.4+TH -0 0. 085g
FeS04+7H,:0 0. 0085g
Distilled Water 1.0l

Table 2 Substrate composition for ferrous iron oxidiz-
ing bacteria (9K medium)

FeS0,+7H:0 300ml of a 14.47
%(w/V) solution

(NH4) 250, 3. 0g

KC1 0.1g

K HPO . 0. 5g

WS04 TH20 0. 5g

Ca(NOa)z 0, Olg

Distilled water 700ml

10N H.80, 1. 0ml
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Tig. 3 Comparison of substrate utilization rate be-
tween free and immobilized microorganism
(Ammonium oxidizing bacteria)
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Fig. 4 Comparison of substrate utilization rate
between free and immobilized microorganism
(Ferrous iron oxidizing bacteria)
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Sh.= 1 +0.52R,052S,1® (24
BR LTz, 72720, R={Q2a)*G/vn}*, S.=u/D,
G EBBWE, v BMERETH S, u=0.0lcm?-
g7l G=10s"1& LTdH, T 70X —1130.032cm &
n0, MAEMORENLREIIILRDIKRE RS
M T Sherwood # & L TRUE V5,

4.1.2 ByheEsE

AEBROPITLHD LI, IRETHEINTE
TEN I EHENIRUT, Kn+a=Kn& LT, B»
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Table 3 Parameter values and calculated results

Ammonium oxidizing| Ferrous iron BOD oxidizing
bacteria'"’ oxidizing bacteria| bacteria'?’
Yals™) 8. 565%10"° 8.0%x10"3 1, 157x 10"
Knl(g/cm?) 2.98%10°°¢ 1.4x10°¢ 1.OX 107
D (em?/s) 15X 107" 8. 6% 10°° 6,0%x10"°
® () 0.025 0. 087 0.0025
Shc(G=10s"") 1.136 1,164 1,184
She(G=1000s" ") 1.670 1,810 1,909
¢ -2/38h. 7.34% 1073 2.49% 1072 7.04% 1074
(G=10s"")
¢ <?/3Sh. 4,99x 1073 1.60x 1072 4,37x 1071
(G=10006s"")

B DLW TIENBRIC OWTOEE? = & TIRER
FRWT, Eiz, BEMOERERE X, 131.3g cm™?,
WAEDORFERE 2 31.0X10%ecm &£ 5,

4.2 Ss.OEDEHERKR

Table 3 12 &% ODEMIZOWT $2, G=10, 1000
STTTD SheB LT (¢2/3Sh,) DEERLF, Thk
D, G=10s"'DHIRIESC D R BI RO T TH ¢4/
3Sh.D{EIZ0.025LL T TH B 2 L2535, Thbb, 6.
BEKaD3BUTTHD, MEMPIHL T EEE
W, S K WHBU TN CERLTRL I a8
35
6. %

EYDPSBIRBE TEP C FEET 5 L SOLEE
FIAEE D Michaelis-Menten Rz & > TERE N 3E
HZ, TOMEMBEELEINT & & OB ERE
WDOWTERS &L CHERIICRE Uiz, AR CES
NIEREFEEDLELTOL S0 3,

DWAEEP SRy P BENOEEOBEH L~
Vo FRETORBEORE B EEB LSS, W
AEEOHEEIBE C, R L - LB BRI, M4y
R QR ALEBEFIBRE S v, Michaelis B8 %
Kanltd 5L, Cop/(CHKu/K+6,)2< 1 DL DM

. 77PVme
VT CHAKa/K+ 6,
TREND, 72720, 8,1 Thiele’s moduluseg,? & BE
BB i L0 ¢,

S
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THREIN, Ko/ K+6=Kua morm=vme & BT, R
»F L Michaelis-Menten 3238 D 370,
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3T w7 EACH, SEBEHIE £ 4 A R iRt
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Michaelis-Menten 22 & - TR E N7z, £ 72, EEL
BNTGED v, DERESHECREBICH 2 EE LD
MNEL, KD EDREL BT,

S8, BICE OBBIE D 5 Sherwood # % K
O, GEEEL, ERTEONEENE T 20BN D
5

AR ET O Wb, SFRESwmE, SHEE
(BREE, ATHER L OSSR siieEl, 22

BMLTHEERERLET,
(R 19914F 8 B14H)
(Ff=H 19924E2 H22H)
ERES

A’ lstagnant layer DFHEE (cm?)

Ap Ly P OEWE (em?)

a D RAEmOMNERE (cm)
G, DR (AR BEBE (geom™)
C, LSRR O R " (g e cm™®)
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% (g cm™)
(g eocm™)

4 (g - cm™®)
FEROIEBE (g cm™)
F (g e cm™¥)

(g-cm™2es)

DOEMRE (&)

 Michaelis E#{ (g cm™)

D B, O Michaelis 8 (=Ko/K+48) (g cm™)
D ERBEMRE (LT

D RISEEAEREY D Ov Y M (em™)

P Reynolds 8 (={(2 a)?G/u}*®) (—)

vy FORENLEERES (cm)

I Schmidt # (=w/D) ()

I Sherwood 2 (=k,R,/D) (—)
DKFEEARYRAEIER (T)

TEERE (em?)

CiEfRE (em®)

vy b OERE (em?)

I REORIEEE (g om™)

vy N OBAFERLD O cell B (g ecm™)

(g - cm™)

L= ((¢2/3Sh.) Kn) (g cm™)

L= (o np/3Sh) Kn) (g - cm™®)

D HEERRLEE (57, 7270, EREREORITEER D)
DEREEEERREL (em? s

DEORHEERIBEE (s, 7L, EBEROWRITER

%)

D BT ORKEEENAEE (=g0.)

(s71, HL, EBRHROWILERLS)
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