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Abstract: Degradation of phenol and 4-¢hlorophenol by Pseudomonas putida LY1 was studied. It was found that phenol can be effectively degraded by the
bacteria with an optimum phenol concentration at 50 mg*L~'. Inhibition of the bacteria increased with the 4-chlorophenol concentration. A modified
Haldane equation was used to study the biodegradation of phenol by Pseudomonas putida 1.Y1. The equation parameters calculated using MATLAB
software were as follows: R, =0.113 mg*mg~'*h™' K, =3.5 mg*L~" and K, =126.6 mg*L~". The modified Haldane equation was also used to
simulate the cometabolic biodegradation of phenol and 4-chlorophenol by Pseudomonas putida 1Y1. The cometabolic degradation model can simulate the
process of cometabolic degradation very well. The model provides a theoretical and technical reference for the biodegradation of chlorinated refractory
organic pollutants in wastewater treatment plants.
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1 ( Introduction)
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2 ( Materials and methods)

2.1
2.1.1
50 mg-L™' )
(g*L™"): Na,HPO, 3.8 KH,PO,
1.0 NaCl 1.0 MgSO,*7H,0 0.2 NH,Cl 0.1 (Li
et al. 20006) .
2.1.2

Pseudomonas putida

(Lietal. 2007).
4-CP
2.1.3 250 mL
50 mg-L"~" pH 7.1+
0. 2. ; 25 C
120 remin ' ( )
25 C
100 mgeL~".
. ( )
120 °C 20min
( Arutchelvan et al. 2005) .
2.2
2.2.1 10 g
0.02 mmol*L.”" NaOH 1L
10 gL~ 1 g 4CP
0.02 mmol*L~'NaOH 1L 1
gL' 4CP

0 ~400 mg-L""(20.30.40.

50.60.70.90.110.200.310 380 mg*L"™")
pH 7.1~7.3 5 mL
( 2.1.1
8 h
107 cellsemL ") ;
25°C 120 r*min""
2.2.2 4-CP
0 ~400 mg*L™" 13 ~50 mg*L""
pH 7.1~
7.3 5 mL
25 °C 120 remin"'
. 4CP
4-CP
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2.3 20:1 1100 C 1 min
2.3.1 5 mL 10 Cemin "' 160 C 1 min

pH pH  ( Orion 3 Star DB-5(30 m x0.25 mm x0.25 pum) ( Li
USA) Uv-7504 et al. 2006) .4-CP
600nm oD C.
1 ( 600 ) cell 3 ( Resu]ts)
(mgeL7") o C.y = 314.5 x 0D,
(Liet al. 2006) . 3.1
2.3.2 4-CP ( Pseudomonas putida LY1)
Trace GC2000
( Thermo Scientific USA) . 5 mL 1 1
pH 2
3800 remin "' 15min; () (V)
5 mL 20 min 20 min 0.040 ~0. 122
: 1 pL h™"  0.136 ~0.765 mgemg ' ( mg
SS ) 50 mgeL™"  u Y
( FID) 1.0 mLemin"'; . 50 mgeL~'
350.35 30 mLemin .
220 C 280 C;
1
Table 1  Bacterial growth and related parameters of phenol degradation
/h™! !
/( mgeL™") /h /( mgeL~") /(mgeL~'h~1) K /( mgemg ")
20 0 13.2 1.26 0.090 0.474
30 0 19.5 1.70 0.112 0.556
40 0 23.9 1.51 0.117 0.695
50 0 25.8 1.87 0.122 0.765
60 0 28.9 2.15 0.117 0.462
70 0 33.0 2.43 0.103 0.437
90 <10 34.6 2.08 0.101 0.348
110 <10 38.1 2.52 0.098 0.226
200 <10 41.2 4.19 0.089 0.190
310 <16 44.0 5.55 0.067 0.139
380 <25 52.8 4.27 0.040 0.136
( Pseudomonas putida R, (mgemg~'*h7') S,
LY1) (mgeL™") S, t
Haldane (mgeL™") X ¢
Haldane (mgeL”") R, (mgemg*h~")
( Ma et al. K. (mgL."") K,
2009; Allsop et al. 1993) . Wang  (2009) (mgeL") .
(
Haldane 70 380 mgL") (1)
(1) . MATLAB
R, -- % _ R.S, () ‘R, =0.113 mg'mg “h~' K, =
ph I3 _
K +S, + (S = 51) 3.5 mgeL™ K, =126.6 mgeL"™'
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ds, 0. 1138,
ph =" vi, - 2 (2) -1
Xde (S = 51) ( 70 380 mg°L
3.5 48, 400 2
126. 6 ) R 0. 90. 1
120 Haldane
4 & RBEEE
100 —— BB
T 80 - 3.2 4-
2.l /4-CP ( 2)
= PCl ~PC4  PC5 ~PC8
=
wAor
pC2
20 |-
PC5.PC3  PC6.PC4  PC7
I I I | & o
0 0 10 20 30 40 50 4-Cp
i) /h
1 ( 110 4-CP
mgeL ")
Fig. 1 Results of phenol biodegradation and simulation results
( Phenol concentration 110 mg*L ")
2 /4-CP
Table 2 Bacterial growth and the metabolic biodegradation of phenol and 4-chlorophenol
4-CP 4-Cp 4-Cp 2
/(mgeL™") /(mgeL™") /(mgeL™") /h */h */h /(mgeL™")
PCl1 16.39 13.08 0.287 <8 34 34 10.38
PC2 45.27 13.70 0.007 <8 38 34 14.47
PC3 97.70 13.92 0.006 <13 58 58 27.36
PC4 219.00 17.69 0.016 <13 90.5 82 45.29
PC5 48.79 38.79 0. 145 <26 66 66 15.73
PC6 97.72 40.07 0.054 <34 82 82 27.68
pPC7 204.40 36.24 0.007 <54 122 122 46.55
PC8 407.00 43.57 0.013 <139 242 242 71.08
a.
4-CP 300 _
[4-CP ‘ o R HAFLE D AR 60
T SR R R R PR AR
o1 - 250 | O KB R FAE R A R =50
200 mg=L. --B -~ SRR R R R K o
2. 2 200 o B =~
Ll d 140 L
mgeL~' 36 mgeL.”'  4-CP b . b
= 'Y s =
45 h 115 h b N 730
¥ L A ¥
4.19 mgeL 'eh™" 1.765 mgeL '*h”' % ~A % '
'f “ 1 AN
o
4-CP : LA
45 h 140 h 710
-1
0.0886 h NV
0.0295 h -1 4-CP 0 20 40 60 80 100 120 140
: i) /h
2 4Cp

Fig. 2

Influence of degradation of 4-CP and microbial growth
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3.3 4- a 4-CP
3.3.1 (mgeg™) B 4-CP
4-CP (mgeg™'). b (h™"). Saéz
(1991) 4-CP B
0.92 mg*mg ™' a@ BbX
4-CP dt
Haldane BbX (4) (5) (5)
. (6).
1+2’ (Z, ) R, K, %=a% (5)
i=(12 i=1 Z=25, 7, R, S, =aS, +C (6)
i =2 Z,=1S,/8, Z, K (S, Roels ( 1983) 4-CP
S, 4P ) 20
. Wy =Dy oy (7)
(1) (3) dt dt
R. b 0.002 h™' ( Wang
s 1+ 2 | et al. 2003) Y.( - %) bX
o th‘K LB +(sm-sl)2 (7) (8) (8)
) : K, (9).
) Wy - (8
4-CP dt : dt
/ X=X, +Y(S,-5) =-YS5 +C (9)
(Saéz et al. 1993) . Y, 4P (mgeg™) X,
(mgeg™').
/ (4) (9 (3)
(4) : :
% = a% - BbX (4)
 Saca(s,-5) " X, +Y(S, -S) S,
ds, K,
-y, 2 2 (10)
de K 1+ (Szo a(SIO _Sl))/Sl : + (Sl() _SI)
s K2 1 Kp
(5) (10) 4P
. Sy —a( Sy —S) ™ Xo + Ys( S = S) S,
_d K, 11)
di “'K Lo (Su a8 =8)) /8 % o (S0 -8)] (
; K, ] K,
3.3.2 (10)
9 (R,~K~K, Y. oK, n, K, n,) Y. (9) Y. 4-CP



2114 31
X X, 0.222 mgemg~"; @4-CP
(9) (0.222 mgemg ')
max XO AX 45 % 4 _CP
e (12)
So So /14—
4-Cp cp Y, = 0.222 mgemg .
3. 3 Y, 4-CP
3
Table 3 Microbial yield in the microbial cometabolism process
4-Cp AX Y,
4 . 4-Cp/ 4 .
/(mgeL™") /(mgeL.™") /(mg+L7") /( mgemg™")
PCl1 16.39 13.08 0.798 5.661 0.345
PC2 45.27 13.70 0.303 11.322 0.250
PC3 97.70 13.92 0.142 20.757 0.222
PC4 219.00 17.69 0.081 38.998 0.184
PC5 48.79 38.79 0.795 9.750 0.258
PC6 97.72 40.07 0.410 21.701 0.235
PC7 204.40 36.24 0.177 42.143 0.206
PC8 407.00 43.57 0.107 65.416 0.161
Y, 0.222
o (6) 4cp o
. _l . -1
97.7 mgsL™" 13.9 mg-L. 4-CP WL .
a ( 3) ol
o 3 4 o
4CP R’ E
o8y
0.97. 4-CP £
4 “oer 8,70.1335,
4 R*=0.99
' Da 4-CP ; Qa
2
. -1
0.353 mge*mg . | | | | | |
0.245 mgemg~'  69.5% o 0 20 40 60 80 100 120
S/(mg-L7h
a 3 o ( /4-CP 100:15)
Fig. 3 Prediction parameter « ( initial phenol / 4-CP concentration
ratio was about 100:15)
4 @
Table 4  Predicted values of parameter « in the microbial cometabolism process
S, S, Y, w a N
1 -1 -1 -1 1 R
/(mgeL.™") /(mgeL.™") /( mgemg™") /(mgemg~") /(mgemg ")
PCl1 16.39 13.08 0.345 5.620 0.726 0.99
PC2 45.27 13.70 0.250 0.799 0.320 0.99
PC3 97.70 13.92 0.213 0.302 0.133 0.99
pC4 219.00 17.69 0.178 0.145 0.111 0.97
PC5 48.79 38.79 0.200 1.579 0.703 0.97
PC6 97.72 40.07 0.222 0.915 0.391 0.99
PC7 204.40 36.24 0.206 0.364 0.309 0.97
PC8 407.00 43.57 0.161 0.178 0.134 0.99
a 0.353
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R,\K. K, ~ PC8) ( PC3 ~ PC4)
(2) R, =0.113 mgemg'*h™" K =3.5 MATLAB (
mg+L™" K, =126.6 mg-L™". 4 (K,<n,« 5.
K,.n) 6 (PC1 ~ PC2 PCS
5
Table 5 Parameters in the microbial cometabolism process
K n, K7 K, n, K7 R
/(mgeL~") /(mg-L7") /(mgemg~") /(mg=mg~")
PC1 48.6 1 48.6 9446 2.5 38.9 0.92
pC2 78.2 1 78.2 + 2.5 + 0.93
PC3 61.4 1 61.4 + 2.5 + 0.92
PC4 101.7 1 101.7 67435 2.5 85.42 0.96
PCS 45.9 1 45.9 + 2.5 + 0.92
PC6 70.1 1 70.1 25981 2.5 58.33 0.90
pPC7 50.6 1 50.6 + 2.5 + 0.95
PC8 69.3 1 69.3 148620 2.5 117.2 0.93
Ky = KU K, = KUK 4CP
112, K", 4cp (S,/5,) 12
2
(11) 5 M 4-CP R,
4, ( (10) 4-CP (
(11)) ( PC3 ~ PC4) PC1 ~PC8) ; @ R 0. 90
4-CP R 0.90. 4 ;@ PCl~PC8  4-
Ccp . 5
Haldane LKy K,
Rm'
250 - 4 ( Conclusions)
25 L o REYRIREER
1 O 4-CP JHHUR
200 1 AL
~ask Ny e 4-CP i) Pseudomonas putida 1.Y1 4-Cp
;55 150 -
m 125 LYl
®
% 100 - Haldane
Br R,=0.113 mgemg '*h™" K =3.5
or mgeL"~' K, =126.6 mgeL™".
P¢0:0.0.0.0.09 4-CP
0 ! "1%9..00.
0 20 40 60 80 100 Haldane
IS E] /h
4 ( /4-CP
200:15)
Fig. 4 R;:lultf (')f' j()m;tab(;li(/: };ii)((:l;gradation ar?d simu'lation re?ults (1975—)
( e 1mitial pheno concentration ratio was about Femail: env]y@ hhu. edu. en.
200:15)
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