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Abstract

In order to find the most fitted biodegradation model, biodegradation models to the
initial 4-chlorophenol concentrations were investigated and had been fitted by the linear
regression.

The degrading bacterium, EL-091S, was selected among phenol-degraders. The strain
was identified with Pseudomonas sp. from the result of taxonomical studies. The
optimal condition for the biodegradation was as fellows: secondary carbon source,
concentration of ammonium nitrate, temperature and pH were 200mg/1 fructose, 600
mg/l, 30C and 7.0 respectively. The highest degradation rate of the 4-chlorophenol was
about 58% for 24 hours incubation on the optimal condition.

Biodegradation kinetics model of 5 mg/1 4-Chlorophenol, 10 mg/1 4-chlorophenol and

50 mg/] 4-chlorophenol were fitted the zero order kinetics model, respectively.
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4-chlorophenol, Pseudomonas sp., zero order kinetics model.

Ad@gAod W& chlorophenol L.9& F2 34,

A+l # 47, phenoxy acid A%9 AxA ol & w
BEAEe 2 o2 d#AR oy E£J B
9] chlorination 334 phenol® kg8l A H
712 Fe] B EAFE 2 JA4E A=
3rtH(Fawell and Hunt, 1988).
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carbon®] V| AEEZ st Fa FEFA HYo
(Schwien and Schmidt, 1982; Shimp and Pfaen-
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der, 1987). 1% Il oz v PYEo o7 9
3 TEERrL: FAAAN A A7 245-
trichlorophenoxyacetic acid(2,4,5-T)$} pentachl-
orophenol(PCP)& F4o2 #¥%3] d4FHo v
(Schwien and Schmidt, 1982; Shimp and Pfaen-
der, 1987; Grady, 1990).

E AT ME chlorinated aromatic hydroca-
rbon % 4-chlorophenolg ARt} n| Ao 2%
3] kinetics £4-& 4-chlorophenol 5 %9 %43
(2i9)A ZddA n&stana FHch(Moser, 1985
; Schmidt et al, 1985; Simkins and Alexander,
1984 ; Jones and Alexander, 1986 ; Han and
Levenspiel, 1988).

2. Mz 3 9y

Ak AgAge] FoF 3
@A oA 2% phenol
#so] dx TF FolA 4-chlorophenol 3% 0]
S5 FFE AR FATFLE AHEHAT H)
A= Rosenberg$t Alexander(1980)2] 7| E x| &
ALE-Ee}, 7] EuliAl e 1.6 g K;HPO, 04
g KHzPO4, 05 g NH4NO3 02 g MgS04 - 7 H0,
0.025 g CaCl, - 2H,0, 0.0023 g CaCl; - 2H,0 ¥
FEE 1000 ml2 FPev, gi4d 2 duAde
2 4-chlorophenol® H3}E#(0.45 pm, Whatman
membrane filter)&le z+ APl ALt ET
Z1BuA Fo FHolL (Mg, Ca™’, Fe'')& &tz
o AREE AFEFE WA sxd 9wA 7T
Aoz Hrpste] ALREAT

£

zqe

22 Be2lge &3

Ao

FATY EBF ¥ $AL ‘Manual of Methods
Bacteriology' (1981)$}  'Bergey's
Manual of Systematic Bacteriology Vol.l’ (1934)
of webd Fejd, YA, BAAY EHE AL
o AT

for General
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2.3. 4-chlorophenole| Az«

4-chlorophenol 2 A ZFE4 2 Water Associates
Ate} HPLC system (Model 510 HPLC Pump,
Model 441 UV/Visible Detector, Model 740 Data
Module, Injector)& ol-83l¥ct. &AL 280
nm, B¥-& x-Bondapak C-18 281 H/j&w=z
£ methanol® water& 70:309] vl& 2 EJslPg e
o 0.7 ml/minZ 39 &R

o A0
THEC

24, 4-Chlorophenol =T 0| WE E5)8 TAH

4-Chlorophenol Fx¢ W3l wt& H3g& 43
< A8 HA2uA ] FAZEE HFsA 30TeA
180 rpmo 2 12212t Bt Aug F AL
o g Ba&e AU

25. BelE M=o HE

FA T % HAFRHAERALE AR Y3t
50 mg/19] 4-chlorophenold& #H7}g 7| EwjAlE &
AY o Argstgoen, 250 ml 42 Zex=9] 80
mle} wizlE Yol 30C, pH 7.0 180 rpmo
3 AW g gt st

2o wisto @Eg 4 : 7€ Ao A 29
gxfoz A 4A dAE F de FF dEEES
200 mg/l H7bste] wigstEA RH&E SA3A
1=

AAge Wsto] W 97 ¢ V2 HHY
gadoz AXY Bd429E 200 mg/l HIMHL
Y FAxYo2NE 4F FrFAAR {71344
500 mg/1g& 71¥E A2 et WY EA
2i&ES 43U

2%, pH a8l 4499 $xo e BH
A4Y : 4719 2 oY &S YeEdE
Hel B4 97 AAYE HruA o HIsHH K,
pH 181 A4 49 3= 37iA 8904 wg e
Box2dE F437) A8t FAFEAG YA 9%
wre pAAYH(MAE, 1986)% 9T SEUSI 3
HAA FARSAYHA 98 2, pH 282 A
299 =g 44 & x¥LeE 3o 15714 A
gzgoz FAHE APAEE A8 EHed
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26. 4-Chlorophenol &3l kinetics Z= A}

5= Z7199R9 phenold 50 mg/l& ¥
AR R A AHujFate] FAFOE AHE3)
Ak dujge A£ujYFA (Bo Fo© MODEL C
30)ol A FE71gujxlo] phenol 600 mg/l, 4-chl-
orophenol 10 mg/1& A7t8o] 1 ml/min® #&2
2 30T, 180 rpm o2 Agujgaty ol Eajdol
HEL A4S =T ASuGFAY FEd
wjoFel-S YARe sty FA% FAHE dTE 0.8%
NaCl&%o 2 33 AHste HF3A}. 4-Chloro-
phenol& 5, 10, 50 mg/t A7k 7| 2w § 250 ml
Azt Zalazedd 80 mlg 9ol, 30T, pH 7.0¢14
180 rpme 2 3 Az gttt Aztel g 713
B3] kinetics 48E A& 24 AN T 2 Al ¢
o2 4-chlorophenol &% AFEA Y

27 diolet &4

4-chlorophenole] #¥¢3% @49da Ay dol
E}l= Monod 222 BASTH
Monod 4] th&3} ot
Hmax - S

o= — o))
Ks+ S

ANA pe SR, pnaE A HAREE

SE #7189 FE,

K= half-saturation constant®]tt.

a5 GAEG v AE AYELS 4(2)9 Zh
dX

— = u-X (2)
dt

q71M X& vAEY FE, tv Aot
2 ()8 A (Do s A3 Zr
dX 1 Ymax * S

R @)
d X Ko+ S

3 {718 AAEL 44 Zoh

ds 1 dX
== @
dt Y dt

714 YE FH5EAFIH

A28 A iystd 4069 2o,

—— 5)
dt Y- (Ks+S)

o] §5 & 71Ao| B HFd 9FE vl A
28 o Ex v o nQYE % AT A
2 7H88 4 Qlth 2Exn FAEY gE 4R
AdPzAs e H3A gon wgAzte] ARE
of wat A WA o Y HAuFA4E,
v g F 221 FYFEATE YA ATk
2 28T  gled A6)F Ze] fk

ds k+S

— = - 6

dt K+ S
A7 AN kE @A F71EEH AT ot
Wl 2717149 FE(S)7F K& FAE F Ue
F ¥ A% 283 S Kol v FA" 5
2 HEZ 2e B¢ ad3 of 7K A9} of
d A9 37bx] AeielA{e] Simkins, Alexander
282 Schmidt$(1985)] 93 #1298 model(Ta-
ble 1)E¢] H3A A 4-chlorophenol®3] $4E& =
ALEF T

¥

Table 1. Three models for the kinetics of
degradation of test substrates which
do not support growth of the active
organisms®

Model and characteristics Equation and inequalities

1. Zero order

Differential form -dS/dt = k

Integral form S = So - kit
Linear form So-S =Kkt
Derived parameter Ki = HmaxX0

Necessary conditions So >> Ks and X = Xmax

II. Michaelis—-Menten
Differential form
Integral form

~-dS/dt = keS/(Ks + S)
KslIn(S/So)+S-So=-kst
So-S§ In(S/So)

Linear form : =Ks . + ko

Derived parameter Ko = #maxX0
Necessary condition  Xo = X«

M. First order

Differential form -dS/dt = ks3S
Integral form S = So exp(-kat)
Linear form In(S/So0) = -kt

Derived parameter k2 = #maxX0/Ks
Necessary conditions So0<< Ks and Xo* Xmax

? Terms other than derived parameters are defined in
the text.
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Al7rol] w& kinetics 2 ¥ data® Table 19 37}
2] modelE & zero order, Michaelis—-Menten,
g3 first order models®] AYPIARLoz Y
A 2 A% AZAFE) gel 718 & model
S AA3Y AL A3 FAFES 1%E 3§
o] F test9} t test2 A AATH(NAE, 1986).

3 Zn & 1@
31 3AIEL MUF

Rzt ARG Y FAREGAM EAE
phenol B3l%0] gl A¥4 Bf¥ IFF FolA 39
o]Wie] 4-chlorophenolg& 25%°]4 E3ists 147
o FFF BalFo] ¢4 AYEHH FRHA:
EL-091S & FA 7oz MAINAT
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3 =N
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32. BAZ EL-091S2 53

EL-091S = o7 2F4e] om,
g9 24 HEE Z: ANUZ,
cytochrome oxidase test, HzS production test,
fluorescent pigment productiondl M EFA M4
2 Jehgo] 4AE Bt} Urease test,
production test, VP-MR test, starch hydrolysis
test, PHB accumulation testelld® &4& ERY
9Jen KCN, simmonscitrate agar, pH 4.5, pH
95, 10T, 44 CAA vzt g&3ty oy pH 36, 4
‘C, NaCl 15%¢} 30%AMe AK3A Zdoh
Arginine dehydrolase, ornithine®} lysine decarb-
oxvlase testdlldE A& YElHALW oxida-
tion-fermentation testo]A+ oxidationg “ERWY
o] 3714 zHAA 7 0]8%& RANTable 2).

ojAtel AE HES Ax EL-091SFT Pse-
udomonas %22 EFAHYeH HAN Pseud-
omonas sp. EL-091S2 =3,

catalase test,

indole

33. 4-Chioropheno! sz ol utE 2358 ZAt

4-Chlorophenold] s xd] wg &3 4dL 71&,
HAAGA 7 A FEER shY 12 A F9)

.o]

_4~

A - ogz

Table 2. Morphological and physiological cha-
racteristics of the strain EL-091S

Content Characteristics

Morphological characteristics

Cell shape rod
Gram staining -
Colony colour on the agar plate cream

Flagellar single polar

Motility +

Endo spore -
Physiological characteristics

Catalase test +

Voges-Proskauer test ~
Methyl red test -
Indole test -

Oxidation-Fermentation test Oxidation
Cytochrome oxidase test +
Simmons citrate test +
Growth on the KCN broth +
Lysine decarboxylase test -
Ornithine decarboxylase test -
Arginine dehydrolase test +
Urease test -
H,S production +

Starch hydrolysis -
PHB accumulation -
Fluorescent pigment test +
Carbon sources for growth

Acetic acid

Oxalic acid

Lactic acid

Tyrosin

Fructose

Manitol

Sorbitol

Ribitol

+ 4+ 4+ 4+ + o+ + o+

Symbols : +, positive reaction ; -, negative reaction.

P& 24 A3E Fig. 1 oA B vk} 2o
o, AFuA M RN ue 3FE 713
of olg Eal-& AHasdst aHYd.

3.4. Pseugomonas sp. EL-091Soll 2|3t 4-chlo-
rophenole| &8 & =74

gagel Wsiel e JF 7|2 B
E¢ 200 mg/l A7bste] wigEdA EEE &
g Azt Table 3014 BE wieh rh Xylitol s
A BE @A9ES PAES /ML 2
% fructosedld @AY EHFVEFA7L AU
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Fig. 1. Substrate inhibition effect at higt con-

centration of 4-chlorophenol.
Symbols : @—@®, minimal medium ;
optimal medium.

100
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HAA A £ s dadel Hrvt i
& Z7IA 71tk Hess et al.(1990)
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Table 3. Effect of easily metabolizable carbon
sources on the biodegradation of 4-
chlorophenol by Pseudomonas sp. EL-

091S
Biodegradation(%)
Contents
12hrs 24hrs
Dextrose 12 22
Arabinose 12 29
Fructose 27 58
Sucrose 10 27
Mannose 10 17
Galactose 16 18
Sorbitol 11 20
Ribitol 14 24
Inositol 12 14
Xylitol 7 8
None 6 9

A9 A 2 JF : HH gagoeR
AARE fructoseE 7] EX ol 200 mg/l H7HE F
HrdozA Z#E FrIdAaYs #71E4ad 500
mg/1& A2Y Al Holste wigEts EAe S
&3¢ A7E Table 404 B vieh o 7] 24
2o A ALgE A9 NHNO7F 74 58 &
;&S JehiA

99

Table 4. Effect of nitrogen sources on the biod-
egradation of 4-chlorophenol by Pseu~
domonas sp. EL-091S

Biodegradation(%)

Contents
12hrs 24hrs

NH.CI 24 54
NH4NO; 26 56
NH:H.PO, 23 48
KNO; 10 21
NaNO; 8 15
Ammonium Acetate 10 14
Urea 24 33
Bactopeptone 17 20
Polypeptone 16 23
Proteose peptone 12 27
Yeast extract 2 5

2%, pH 281 34499 x4 & W ®
AAY AV A3 A FaEe vElE F
Aol gadn AAYL A FrtEe 2E,
pH 283 49 Fx9 3717 820 & A
PAzAE FH37] ke FAFIAGHA JF
Hre- gAY S ok Agzed EYe 2x7t
10C~50C, pH 50~90 2381 FAYY FEE
100~1000 mg/12 &4t}

B EHANS A% od=rbA Aol YA
A7le]l AgzA PHANAA Ege v HETo
FHoz FHEY Aoz WojAr] wjEd] PEHH
9 FHo] 23 ALY o] FHAHtn #TEH
g FHH W3E AAE F de FAEAY
AYL A9 3712 29ld mE HAAAY JY
Yoz APt EPUIE 37U FAFAEA
gylo] o8 2%, pH, 283 A4y $=8 ZZ
Ug 2oz 3t 15717 Mezger FAHE
APAYE HAsed 2Aee 28T F 59
g ke v 2 Wge Jsto HEste
A

2x-30 pH-7 NHNO;¥E - 550
A2~ =

20 2 450
NS EUAY AAE AEE gt HHEHRYS
FHZ E43le] #H2E 4EF HA7H(Table 5)
g RY, AYus 9ol &l /M wol AR
AAG Y ¢ HHEHxHLE 2= 30 C, pH 7,
AA99 =& 550 mg/l oIt EF AYFo=
7 HFEHEAL 2% 30 C, pH 7, ALY

= 13
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&5 600 mg/le® el 479 ¥ AE v
3 BY 2xet pH 27 Za A2Ye RN
7k 50 mg/l Zol7F YEldon, Aol Baeg v
 FAA B=EAY 30T, pH 7, NHNO; 550
mg/12] ZAdA AAZ AFHE A3 Bl
57% = Ho] FAJALAYGRA g8 73 FAHAHY
ol BA Fago] AA Adgd A JE HHR
Aoz MAHUNYG. £ HAuR|z2A0] 7189
Az Lago] Po=E ARE By

HAAH A= Table 7T} o] BE zero
order modele] 7H3 A¥stR o ZEuxzAH
AR Z2A 25 4-chlorophenol?] & X7}
g A%3] BEE

Simkins(1984) %9 Pseudomonas sp.o} <%
benzoate A3}e] tig AFAME 27 MAE A
F7 Bx 7] 71A¥EI & Z2d4A Mon-
od, no growth$} zero order model2 Edrin
sAed, & 499 HHAZHAA dERG zero
order model# dX &&= ARG el

Table 1A B=upel o] 3 71A] 49 fxz}
Aol A zero order model & %71713A¢ ¥&7} Ks
#HE FAY ¢ UL ALE 58 4E MNE &

o, A
@eg

.o]

Table 5. Central composite design and the result by

a -

uE

E§ Add, & dddXE 2318 =7 50 mg/
o Aoidez @& 5 mg/l9t 10 mg/lolA H3)
model¥ 8] AR AFZo] 0998 Vel noh A
model2 HE&H1 U 2719 Al £8 model
AR ARFAF fFoddel ¥ F 2t 7HdAA
ME froldel ot ¥ model2 AU

Table 6. Linear regression estimates of kinetic
parameters and selected model on mi-
nimal medium with different initial
substrate concentrations.

4-Chlorophenol concentration

Contents

5mg/!l 10 mgA 50 mg/l
Model zero order first order first order
Rate constant k3 = 0234 k3 = 0025 k3 = 0.004
Coefficient of
determination®  0.94 0.96 091

3 Fig. 2€ HAAMAZANAN A% 4-chlor-
ophenol9] #3& kinetic modeld] o & EsHFAL
AYsigr ool B FAFFH g 4-chl-
orophenol®] E3E Fig 2014 Bi=ule} o] wjek

three factors in response surface experiment

Practical Linear transformed Biodeg-

independent variables independent  variables radation

(24hrs)
No.  Temp.(C) pH NHNOs(mg/l) x| X2 Z3 (%)
1 10 5 100 4 -1 1 13
2 10 5 1,000 3 -1 13
3 10 9 100 2 1 1 11
4 10 9 1,000 ) a1 1 18
5 50 5 100 . a1 0 15
6 50 5 1,000 1 9
7 50 9 10 1 X 1 13
8 50 9 1,000 1 0 12
9 30 7 550 0 0 0 57
10 20 7 550 05 0 0 43
11 40 7 550 05 0 0 47
12 30 6 550 0 -05 0 52
13 30 8 550 0 0.5 0 35
14 30 7 325 0 0 05 42
15 30 7 775 0 0 05 54




Pseudomonas sp. EL-091S¢ 2] 8t 4-Chlorophenol?] ¥ Kinetics

Aztel et dATE S22 EE ASS HERH
I Ao

Table 7. Linear regression estimates of kinetic
parameters and selected model on op-
timal medium with different initial su-
bstrate concentrations

4-Chlorophenol concentration

5mgA 10 mgd 50 mg/l

zero order zero order zero order
k=038 Kk =0488 Kk = 089

Contents

Model

Rate constant
Coefficient of
determination(r®) 0.99

099 0.98

12

time(hrs)

Fig 2. Linear models analysed by linear regre-
ssion on the optimal medium.

Symbols : ®—@, 5 mg/1 : B—M, 10 mg/1 :

A—aA 50 mg/l.
2 o}

4-Chlorophenol & AE#HHoE Eilzo] Ue
Pseudomonas sp.& ¥ -F3&h. 4-Chloro-
phenole] EMHAHZAL A 29 daxgdez 200
mg/] fructose, AAY 2.2 550 mg/l NHNOs, pH
70, €% 30TCEA wigA|7Ho] 24A]3ke]] 4-chloro-
phenol& 58% ®#IM&S Bt HHEH=AANA
4-chlorophenol °] 2zt 5 mg/l, 10 mg/1¥ 50
mg/19} 371x] Z7|FEWd A7t & BEHES F

101

=
T

2oz Mdagd = e 7MY HFEE B kinetics
model& 2% zero order model®Z e},

Sy

%
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