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Biodegradation Kinetics of Phenol and p-Cresui
by Micrococcus sp. M1
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In order to find the most fitted biodegradation model, biodegradation kinetic- .60 o
the initial phenol and p-cresol concentrations were investigated and had bees sk by
the linear regression. Bacteria capable of degrading p-cresol were isolated frons s Ly en
richment culture technique. Among them, strain M1 capable of degrading ;-
also degraded phenol and was identified as the genus Micrococcus from the :
of taxonomical studies. The optirnal conditions for the biodegradation of ph:
cresol by Micrococcus sp. M1 were NH,NO,0.05%, pH 7.0, 30C, respectively,
um volume 100ml/250ml shaking flask. Micrococcus sp. M1 was able to ¢
concentration up to 14mM and p-cresol concentration up to Smb. With in
strate concentration, the lag period increased, but the maximum specific grow,
creased. The yield coefficient decreased with increasing substrate concentr.::
biodegradation kinetics of phenol and p-cresol were best described by Monod w
model for every experimented concentration. In cultivation of mixed substraie.
was degraded first and phenol was second. This result implies that p-crescl v
was not degraded simultaneously.

Key words : Phenol, p-cresol, biodegradation kinetics, Micrococcus sp.. Moo,
growth model.

1.4 & 3}%) 2 9lcHFawell and Hunt, i
HoAL3 & JhslE e Al HeR Q) o] Boll o]at ARSI G

7+ B ede] Azt AFEARZ dFEH L slsd glold 8% sy Ean

Atk #Hede] 2% AAF2 il TA ol Bo] Eae Hg sled i

Y A eFe) G FEEES A A BasR) g dEA st

oluf T4 uld, =, Eofo EAEY S 2 sk 9o dFTo) Ale o ¥

LG 7 A JhEelx AN FE  (Alexander, 1965; Dart and Stroiis 1980

153



1'%

Gehm and Bregman, 1976).

Phenol& d&3te #7|3=3F /M4 de
AR B ohizh ookt $4 47130 E
g Aedad FEBAZ} He 2held. 3,
phenols} ]33] phenol2 3}3+3HA 313 %‘—-4
FAE R A EY, coal-tar FF, 2UA A,
oJoFE, FUAZ Solx HHH3A AHEEHE

$d3) =& 192 AdHAc wEd

%3] phenols} p-cresold ® 2] A}4=1
% phenol#2] tj¥#-&& 2A| st glcHE
2], 1989).

T, FEAY HYEY P FReA
#HEA &, kineticsell i A7) s
2] i g}+&dl, biodegradation kinetics+ 2}
AN FENA A T EAES
HpHoen dasd gozA ohE 7ol
S48 4 UALE ARAAZG. AT,
AdRAAN B4 FEAA BT o)
Balo] gl o] &-& kinetic data® I g2 3}
o, o]81gt datavs F713HES] AeiAAA
o FEo REE FAH=Y AlgEe g2
computer-based model?] F8 847} Hrc}
(Sulflita et al., 1983; Paris ef al., 1981;
Irwin, 1990). =% AA dsAaFH S
scale up A7 A-$, 7IzARZAM L] FoT
7V & 7HAleh # 2ol Alde] okl
2]t biodegra- dation kinetics& EA 3+
Z Aol A ¢rE ¢l rHSimkins and Alexander,
1984). 223 vl A Eo) 3 FafaHolA
delzl datavt ©]E modelo] HEFAE H
7bk7l el BAAR wde] AdHAAC
(Ludwig et al., 1988).

¥ AT = p-cresol F-sHAlFA Mi-
crococcus sp. M1-& o] £3}e] phenol?] A
2ales #QAstx, olF FUHA EHiEe o
g oAt ASEAT e Az o
zAstd o). el 2t e FEd 9 E
A5ee} Fal &S FA3te] 71E9 kinetic
pdZ 71 23t wdS AR F, prw
o @2 AL E vt 28
o] 5 F A& £ ux|odM o] AFme}
FEx A

-YLHU

2. Biodegradation kinetics theory
Wb el A e AESE WS whg S

v} o} e AL, H]E}-“] 3|
Az70] MEGel a}a} 2 g7 g
o} wpebd e 7)AsEe 9ste] fAshA
BAAS Agds & AATY growth dy-
namicsel] T3F oJe]s}A] £ FAle] Al
Hoon, 1 i AT 7|27

4BAAE 2 49T & Adx FHo=
Monod 4o el Agel #H4sgdn

(Simkins and Alexander, 1984).

Monod kinetics+ th-37 22 o2 3y
e},

Hmax * S

F=Ks +5)

A7 pe BIAASE, taae HWHEAR
£, 8= #7159 %, Ks= half-sa-
turation constante]t}.

(1)

2o AR AR AAEe A @9
2},
%—= p-X (2)
q71M Xi= v AE2] FE(CFU/ml), t= A
ZHhyolh. 4] (2)5 A (1)l st o83
Zro] Helg 4= 9t}
dX 1 Poa S
A X (Ks+95) (8)
T8, #7189 AMAES A (4)9F 2ok
sl (4)
dr Y d
o714 Y= SAeEAgolth 9714 4] (2)
£ A ()] dislstd o2 o
dS _ Hux S X 5)
dt Y(Ks +5)

g, MAT Wert Wy 744, population
size ¥ 7)|A X xo] Hx= <l W3palo]e] BA
A 44 "esiod, the Ro] EyHTh

Mass-balance equation :

S;+q-By=S+q-B

A7 Sp= 7] 7|1AFE, Box
TUE, gt AE ZgHEAEY - Y

(6)
Z7] WA

%)

154



Micrococcus sp. M1l 2]3F Phenol®} p-Cresol®] A3} Kinetics

Table 1. Six models for biodegradation kinetics with only the variable of substrate conce-

tration

Model and characteristics

Equation and inequalities

I. Zero order
Differential form
Integral form
Derived parameter
Necessary conditions

0. Monod, no growth

Differential form
Integral form
Linear form
Derived parameter
Necessary condition

. First order

Differential form

Integral form

Linear form

Derived parameter

Necessary condition

Logistic

Differential form

Integral form

Derived parameter
Necessary condition
. Monod with growth
Differential form
Integral form

Linear form

Derived parameter

Necessary condition
. Logarithmic

Differential form

-dS/dt = k;

S = Sy - Klt

Ky = H max

Xo 2 So and So > Ks

-d3/dt = ki8/(ks + 8)
KsIn(S/Se) + S - S = -Kit

(S0-S)/t = In(S8/S0)/t Ks + K
Ki = £ max Xo

Xo > So

-dS/dt = k3S

S = Spexp(-Kst)
In(S/Se) = ‘Kst
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Micrococcus sp. M19] 213 Phenol#} p-Cresol?] &3] Kinetics

Table 2. Morphological, cultural and biochemical characteristics of isolated strain M1

Contents Characteristics
Shape coccus
Motility nonmotile
Gram stain positive

Colonies on nutrient agar

Catalase test
Voges-Proskauer test
Methyl red test

Indole test
Oxidation-fermentation test
Simmons citrate test
Growth on the KCN broth
Lysine decarboxylase test
Ornithine decarboxylase test
Arginine dehydrolase test
Urease test

H:;S production

Glucose utilization test
Fructose utilization test
Lactose utilization test
Maltose utilization test

Sucrose utilization test

circular, white,
smooth, convex
positive
positive
negative
negative

inert

positive
positive
negative
negative
negative
positive
negative
negative
negative
negative
negative
negative

Table 3. Effect of nitrogen sources on the growth and degradation of Micrococcus sp. M1

Nitrogen sources
(0.05% . WwW/v )

Growth(O.D.660nm)

Biodegradation (%)

Phenol p—Cresol Phenol p-Cresol
None 0.08 0.08 17 15
NH,CI 0.25 0.24 60 52
(NH4):HPO; 0.28 0.24 60 50
KNO3 0.18 0.09 24 15
NaNO; 0.30 0.35 99 65
NHiNO3 0.54 0.58 99 98
Yeast extract 0.95 0.77 98 74
Bactopeptone 0.86 0.80 97 85
Polypeptone 1.12 1.05 99 96
Casein 0.92 0.72 47 33
Beef extract 0.84 0.67 92 74
Casamino acid 0.88 0.72 75 54
Urea 0.18 0.08 10 5

2 3to} F testo} t testZ Al A st}
(Ludwig et al., 1988; 7 4], 1990).
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slo] A7gE Huljofool A Fshed wiokalgict.

4. A3 % v @

4.1. 759 54

Fold M12] Hef, Wi o gsisty 5
A& HEF HA3}E Table 264 REnpe} 2
. &, B dF+ Gram A9 FFoE *F
Aol g er, SEIUA IR ALl A
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Micrococcus sp. Mlel| 2%t Phenols} p-Cresol®] #) %3} Kinetics

Table 4. Selected model in experiments with different initial substrate concentrations

Selected model

Concentration(mM)
Phenol p—Cresol
0.05 Not Appliable Not Appliable
0.1 Not Appliable Not Appliable
0.5 Not Appliable Not Appliable
1 Monod with Growth Monod with Growth
2 Monod with Growth Monod with Growth
4 Monod with Growth Monod with Growth
6 Monod with Growth Monod with Growth
8 Monod with Growth Monod with Growth
10 Monod with Growth
12 Monod with Growth
16
g 1;i ] ﬁ_—‘\‘\ ?
g 104 g{
§ | g
8 s
s
S 3
2
% 5 10 1s 20 25 0 s 2 4 6 3 10 12 18
Time(h) Initial substrate concentration (MM)

Fig. 7. Degradation of Micrococcus sp. M1
on various phenol concentrations.
m, 0.5mM; o, 2mM; A, 4mM; =,
8mM: , 12mM; +, 14mM. X

)

p-Craesol concentration{mM)
o

g T Y T T
0 5 10 15 20 25 30 35

Time(h)

Fig. 8. Degradation of Micrococcus sp. M1
on various p-cresol concentrations.
=, 0.5mM; 0O, 2mM; A, 4mM; =,
6mM; , 8mM; +, 10mM. X

Fig. 9. Yield coefficlent in dependence on
the initial substrate concentration.
o, phenol; A, p-cresol.
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