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Abstract—A bioenergetic model has been developed to estimate cometabolism coefficient along with mainte-
nance coefficient for cometabolism process where small amounts of toxic materials exist with major carbon and energy
source (eg. glucose) in the waste water. Cometabolism coefficient and maximum bioenergetic yield were estimated as
0.1026 (1/h) and 0.585, respectively for the growth of Pseudomonas sp. under aerobic continuous cultivation. It also
turned out that phenol was utilized as a cometabolic substrate where its concentration was below 20 ug/m/. Pre-cul-
tivation with a phenol analog, m-cresol enhanced biodegradation rates of phenol and also increased total biomass
concentration along with the extension of stationary phase.
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Xenobiotics ¢ ¥3i-ze] 73 Pseudomonas sp.
%[12,13) Pseudomonas sp. Sethunathan (ATCC
29354, USA)S Glucose 10g/L, Ca(NO,).+4H,0
0.6g/L, Na,HPO,-12H,0 2.0 g/L, Tryptone 5.0 g/
L, FeSO,-7H,0 05g/L, CoCl,:6H,O0 0.04g/L,
MnCl,-4H,0 0.0013g/L, ZnCl, 0.06g/L, H,BO,
0.053g/L% pH712 =AH wix] 250mL 7t U=
flask ofl A Fsl 30°Coll41 150rpm & A&t 3] Bwljok
(batch cultivation) A1 714, =} A|zlulc} Az 4
ek2l 25 glucose W phenol ¥5% &Hcl 3]
Fujcks] phenold F5% 0.5-50 ug/mL 742 w3}
AZIHA ek}, Az FAlEE 105ColA 327t
Zo] FAE 24 o, glucose = HPLC(Waters
MKL-2134) & phenol-& Gas chromatograph(Back-
man, USA)Z 555 ZA4dc}, d<Lueki] 1L bub-
ble aeration ¥eje] ol&ulokx (NBS, USA)ol & ul
Aol 5ug/mL 2 phenol& #7}8l o 34)7telct
Az A8, Wl g e A (steady
state) 2 718 o] wie] Faldk, AR glucose %
phenol & #ellA AF3H whiez Ao, 13
=3 3459 7% (D=0.1611/h), systemo] A

sl oF 33o] a9,
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A% (1/h), K.© half saturation constant(g/
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olzto] FA Aol Feg oF TRt A2 Al
S g W2 AgES T A & Hojr},
4] (3)oll4l m,7} cometabolism coefficient (1/h) &
A o] HE-g F&E3m 910w, m,2 maintenance
coefficient (1/h) 012 Yore  true growth yield ©]
o}, =3 #4 4345 substrate inhibition ] &
Aske growth model o] & H&-Ho] o] Az}
oA lEsieH(15, 16). &
dX _ #uaxSX

dt ~ K45+ GTK,) 4
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yield ol Hojell 2J#1[18, 19]
_DAXV ,7:.Q0

7" DAV o0 Q, R
3} o} A4lHEch o37]4 D& d4E(L/h), V=
working volume (L), ¢ & weight carbon fraction,
¥+ reductance degree, Q,v energy content
(Kcal/available electrons)el ™, subscript b2} s
v 2t FAleh 71Ag ewldel, Al (6)8 A (3)e
el sbd ohgwh 3ol Slet,

£ o4 im4m, )
n Nmax

A7 pmaxs maximum bioenergetic yield o]0,

m, & m,¥ 77t maintenance coefficient 2} come-
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u‘i’
1_1 +m,+m,
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Fig. 1. Growth behavior of Pseudomonas sp. on
two different substrates under aerobic cul-
tivation: ® , ——, cell density, (g-dry wt/
L) &, , glucose conc. /L); ¢ , ——,
phenol conc. g/L).
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Fig.1& Pseudomonas sp.5 3| 3ujofA] 7w 4|
Zhell w2} FAlak F7}, 714 4¢] % phenol & ¥
455 AT Aoleh, vk F o 2047} Foll A7
oﬂ =xtglon, olo tlgsAl glucose 7b 4vlsle

oF 0.4g/L A=7F 2F3slz gled o]+ phenol
of ulofl o3 J3-g W2 o= 4%}, Phenol
of dvl= ok & of 647 FHE 4vsir] Ao
v, £¥]45% glucoseol ®lE] 3] g3 Bolw
A=l o "ate] 7R 2ol 27 diauxic effect
o ¢J3} phenol o] Yol Av|E|H A FAllzke] Folol
dFe FAUEAE #dr] Y8 phenol o FES W
shail wlokAlzl At Fig.2oleh, 4ug/mL 9 05
ug/mL 2] phenol 2 ofell FA|gle] Fake FA15}
Al F7kier, o] = phenol 449 lag 7I7ke] 2
F5of vlel mtch, B3] 20ug/mL o H$ Ao F
HFAo] o]FoiF o}, tF AT Lu|SHEE
059 4pg/mL 2] 798t =3ich, olE AExolA
¢} phenol & FAlAA] 7Ag 2H83kA] B3¢, n
v e ZA5HE A9E = §718k4d (glucose) o] &

sietEs Ai28T M2z 19901 4%

Cell density, In x (g-dry wt/L)

0 20 40
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Fig. 2. Effect of initial phenol concentrations on
cell growth under aerobic batch cultiva-
tion with 9.8 g/L of initial glucose concen-
tration: a,-----, 0.5 ,g/mL of initial phe-
nol conc.; ®, —, 4pg/mL; & ,—-—, 20
pg/mL; &y ——, 50 ug/mL.
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Fig. 3. Effect of initially feeding phenol analog

on cell growth and glucose consumption

rates under batch operation. An arrow in-

dicates the point of adding 4 ug/mL of

phenol into the system: ©,——, cell den-

sity (gdry wt/L); & ,------ , glucose conc.

(g/L); m ,—-—, phenol analog conc. (g/L);
d,—-—, phenol conc. (g/L).
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Fig. 4. Growth kinetics of Pseudomonas sp. for
chemostat cultivation on glucose as car-

bon and energy source. Solid line is the
result of fitting to Eq. (5).

8i5l % 47} phenol fAHloll #-g-o} =le] phenol
o] BallFo] A=) wigel Ao A", 3l
2t phenol & gk 50 ug/mL ¢l 7% Pseudomonas
of FalgAl R e S o] A S-S Al ol

Fig.3 & wictz7oll Pseudomonas sp.7t 2a)& 4
2% phenol F-2Hll¢l 1 ug/mL & m-cresol o] wjok
g #(20] oF 20417 & F 7)He] Ag o} 4m|HS
Wi, Fig.2 245 cometabolismeo] Yojuvbe Fwal
4 pg/mL 9| phenol & #7k4}7l Z3jct Fig.17 2
of ¥laal phenol ¢ Avl&xrt Frislond (Fig 13t
20 & oF 5047t 9 phenol o} E-alsixuat Fig.3
oAl 304|7katoll 4v1slg) ol 3lolsiy] Sle) w
phenol 3% (specific phenol comsumption rate,
Q)% AR A3 Fig.36l4 phenol %7t & ok
20417k Eqtel Aw|&%7F 6.06%107*(g-phenol/g-
cell/h)el=d, Fig.lellX= & 7i7F Eob ok 223x
10~*2 phenol FAHlE # 78k 7le] phenol ¢
HE s FUHAIAEE dFstn Aot =g A Fafek
o F7hs Adew Hx|rlel &l {37} 753
o]+ phenol f-#t#lell ©13t phenol 2372 o G4
8 Fr=ol o3t FAlEke F71o) il wWliieg 34
A,
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Fig. 5. Correlation between specific growth rate
and bioenergetic yield for the growth of
Pseudomonas sp. by modifying Eq. (7) as
Form II. Solid line is the result of linear
regression analysis.

A1 (5)2] Eld4 9 cometabolism process & 313}
7 g8, F Frletadal glucose & AAAge 2
Aduofalzl Zalet, o] Wl phenol o] A o)) b
o2 284l Fig 4 oF 22 7|2 A A=
F 7He] Bhaflol 93 mixed Felel AAFAE Vel
4 Aolrh, FAL Yoz 3" 285 4 (5)
least square sl o2 w|AA 3|AHLAMg Az, A
475“7‘7]' oF 0,842 # HE3G ok & 9lc}, of ulf 4]
5)el W%, F A vAREE, pnes 0.291(1/
), half-saturation constant, Ky 0.058(g/L), in-
hibition constant, K& 0.017(g/L) & #l4sich, =
gko] A AL AF YAEEol4, ofg e main-
tenance energy AHlEZ $AHE U4 & Ak AlA

Pseudomonas sp% glucose ¢+ naphthalene ol #j ek

o
o

(e

9
2

[

4

& maintenance coefficient, m, 2 #HAls] 2 Az
0.00357(1/hyede=] [9], o = ol wl4dREEE
0.283(1/h) At

Fig.5 & #<H &a43k= phenol ©| cometabolic
substrate 2 243 7%, ¢| df phenol &l cometab-
olism coefficient 5 #|43}7] 218, biomass ener-
getic yield model{19]% AL 4l (g =Alsst
ol Al (D (8)2 TAARA A FAZol ol
i b4 e Ao 2, Fig. 59 Fadke]l m# mel ¥
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o2 ¢k (.1061(1/h)t}. °]+= maintenance 2} come-
tabolism ©] FAloll iedsl +x&, phenol°] gl
Aelloll A wlleFsll m, ahg AMESH H ol wiwd &
4% cometabolism coefficient & & 4 U2 Zojt},
Fig. 4 ol 4 L¥EPLL—‘:—°I o] processt <2 mainte-
nance energy & z3 gleng B Aldei] A3
frAktES vlosl 922 maintenance coefficient 2t
ol 0.00357(1/h)% .8ddcbd, cometabolism co-
efficient & ¢ 0.1025(1/h)& #AAte 4
o}, ojze] A
m, e wz Al4ksio} st
& Fig.52 =419
getic vield, 7nars 2F 0.583 22 Al4ksic),
ul e|gEe] i *°£"+E o7k vk
B Aol e g4 Eole 2157} g
Hgol ofefF QlQi%Eﬂ s
7b Botsiched ®op y3hE] 4l (7)

ol
AAE

ol
(7)¢] # Lol maintenance term,
Ao B &l =
7)-%-7] %8 maximum bioener-
o] o
ae[21],
101 A (7)9]
3|4 Follle] =g
)P (8)9] ElbAS

Hol

rhu

4 EasH= toxic wastes & s142] phenol 2
3 FaElvh dofuhe dAe AdE] g8, @
2 Fxo] Aol 7[He] FAE uw dolvfir come-
tabolism process § Pseudomonas sp.2] “§5ol =
S207 & A A HgHE o 7 ol& 4
A AgHeA] dofvhe dabwt w48 How solg

olod
24905,

= | ”]*u€°] 8% 4+ Sl+= phenol A2
o)z] eok4]3] % phenol & #7}3F 7%, phenol ¢
Fal4s o A8 FAlgke] Uk o & 2o, dAF
22|54 4] phenol #&l5 Al S-2= 4+ Qg 7
olt}, 1552l phenol(50 ug/mL)e 485 Aag]
o9}, % model & o|&sl] 42 phenolo] gl

=3

cometabolism coefficient & &4 3k 4 glaict,

NOMENCLATURE

: polulation density [g/L]

: dilution rate [1/h]

. half-saturation constant [g/L]

: inhibition constant [g/L]

. substrate saturation constant [g/L]
. substrate concentration [g/L]

: cultivation time [h]

: working volume [L]
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. Howard, P.H. and Durkin, P.:

: maximum growth rate [1/h]

. cell concentration [g-dry cell/L)

: growth yield on glucose

: maximum growth yield

: maximum specific growth yield [1/h]

. bioenergetic yield

: weight carbon fraction
reductance degree of biomass, b and sub-
strate, s

. energy contents [Kcal/e.q. avail. electrons]
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