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The optimization experiment on disposing oily wastewater

by immobilized mixed bacteria

HAN Zhi<ong QU Bo ZHANG Dongxu ZHANG LiGun LI Ling
( College of Petrochemical Engineering Lanzhou University of Technology Lanzhou 730050 China)

Abstract: JA and JB low temperature oil-degrading bacterias were selected and domesticated from soil
contaminated by oil. With the walnut shell as adsorption carrier immobilized mixed bacteria was prepared
for disposing oily wastewater which was optimized by using the response surface method. The results
showed that the degradation rate of immobilized mixed bacteria from this experiment on crude oil could
reach a maximum of 69. 94% within 5 d which is extremely close to the model predictive value of
68.89% while the number ratio of oil degradation bacteria-JA and JB was 1: 2 the mass concentration of
crude oil was 4 300 mg/L the pH value was 7.9 the dosage of immobilized mixed bacteria was 27 g/L
and the immobilizing time was 28.5 h.
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2.4 24 h
50 mL
4 o/L.pH =7.5. 15 C .
2 6 2021
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Fig.4 Effect of immobilized mixed bacteria dosage 2
on the degradation rate of crude oil Table 2 Result of experiment
4 <30 g/L RI%
A B c D
; >30 g/L 1 0 0 -1 1 47.73 50.62
. 2 -1 -1 0 0 29.46 32.10
3 0 0 1 1 47.99 53.84
. 4 0 0 0 0 66. 54 64.72
5 0 1 0 -1 34.32 35.60
6 0o -1 1 0 36.81 35.64
7 0 1 0 1 53.17 53.69
° 8 -1 0 -1 0 49.14 47.50
2.5 9 1 0 -1 0 46.26 45.82
50 mL 2¢g 10 0 1 -1 0 56.26 56.78
4 g/L.pH 7.5. 15 C 1 1 0 0 -1 3192 3519
12 0o -1 0 -1 30.22 28.41
5. 13 0 1 1 0 37.88 34.64
60 14 -1 1 0 0 41.38 43.00
i 15 -1 0 0 1 35.04 31.13
. S0F 16 0 0 0 0 66. 54 68.25
Q
¥ 17 0 0 0 0 66. 54 69.21
% 401 18 0 0 1 -1 25.45 24.50
=
& 19 1 0 0 1 57.19 54.41
301 20 0 0 0 0 66. 54 65.16
) 21 0o -1 0 1 37.15 34.58
20 X ! . 5
= I e 48 22 1 1 0 0 49.28 48.57
th 23 0o -1 -1 0 37.22 39.81
3 24 -1 0 1 0 27.10 26.25
Fig.5 Effect of immobilizing time on the
degradation rate of crude oil % 0 0 0 0 66.54 65.37
5 <24 h 26 0 0 -1 -1 44.50 40.58
27 -1 0 0o -1 34. 54 36.68
: 24 h
28 1 -1 0 0 41.08 41.39
;24 h
29 1 0 1 0 49.51 49. 86
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2 6~ 11,
Y =66. 54 +4. 884 +5. 03B -
4.70C + 6. 44D — 0. 934B + 6. 32AC + 6. 19AD -
4.49BC +2.98BD +4. 83CD - 12. 644> - 13. 60B* -
10.90C* -14. 23D,

F 30

3
Table 3 ANOVA for response surface model

4 658.70 14 332.76  <0.000 1 + +
Ap 285.97 1 285.97 0.000 2 + +
B-pH 303.51 1 303.51 0.000 1 + + 6 pH
c-H 264.89 1 264. 89 0.000 3 + +
D-T 498. 07 1 498.07 <0.0001  + + Fig.6 Response surface of crude oil degradation rate
AB 346 , 346 0.589 0 B interaction between the mass concentration
of crude oil and the pH value
AC 159.90 1 159. 90 0.002 1 + +
AD 153.39 1 153.39 0.002 5 + +
BC 80.73 1 80.73 0.018 2 +
BD 35.52 1 35.52 0.098 1 -
cD 93.12 1 93.12 0.012 4 +
A? 1 036. 58 1 1036.58 <0.0001 + +
B? 1 200. 21 1 1200.21 <0.000 1 + +
c 770. 51 1 770.51  <0.0001  + +
D? 1312.58 1 1312.58 <0.000 1 + +
158.37 14 11.31
141.73 10 14.17 0.124 4 -
16. 64 4 4.16 7
4 817.07 28
© —:p>0.05 . +:0.01 <p<0.05 ; Fig.7 Response surface of crude oil degradation rate
+ +:p<0.01 . interaction between the mass concentration of crude oil
3 (p<0.000 1) and the dosage of immobilized mixed bacteria
(p=0.124 4)
R=0.983 4
YR, =0.9342
6.58%
pH . pH
-pH
, 8
A A Fig. 8 Response surface of crude oil degradation rate
~pH o interaction between the mass concentration of

Design Expert 8. 0. 6 4 crude oil and the immobilizing time
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rate interaction between the pH value and the dosage

of immobilized mixed bacteria

10 pH
Fig. 10  Response surface of crude oil degradation rate

interaction between the pH value and the immobilizing time

11

Fig. 11  Response surface of crude oil degradation rate
interaction between the dosage of immobilized

mixed bacteria and the immobilizing time
2.7
Matlab

4300 mg/L pH 7.9

1 Li X B Zhang C J Liu J T. Adsorption of oil from waste
water by coal: characteristics and mechanism J . Mining
Science and Technology ( China) 2010 20( 5) : 778-781.

2 Toril I R U. Chemical characterization of produced water
from four off shore oil production platforms in the North
Sea J . Chemosphere 1999 39( 15) :2593-2606.

3 Cormack P M Jones P Hetheridge M ] et al. Analysis of
oilfield produced waters and production chemicals by
electrospray ionization multi-stage mass spectrometry J .
Water Res 1998 35( 15) :3567-3578.

4 . M .

2010:96-97.

2012(6) : 19-21.

J. 2012 30( 1) :18-=21.

7 Wang S X Li X J Liu W et al. Degradation of pyrene by
immobilized microorganisms in saline-alkaline soil J .
Journal of Environmental Sciences 2012 24 (1 9):
1662-4669.

8 Ribeiro Joyce B de S R et al. Immobilized microorgan—
isms in the reduction of ethyl 4-chloro acetoacetate J .
Tetrahedron: Asymmetry 2009 20( 19) : 22632266.

9 WangZY YeZF Zhang M H et al. Degradation of 2 4
6rinitrotoluene ( TNT) by immobilized microorganism—
biological filter J . Process Biochemistry 2010 45( 6) :
9934001.

10 YeZF YuHY Wen L L et al. Treatment of landfill
leachate by immobilized microorganisms J . Science in
China Series B: Chemistry 2008 51( 10) : 10144020.

11 Takeno K Yamaoka Y Sasaki K. Treatment of oil-contai—
ning sewage wastewater using immobilized photosynthetic
bacteria J . World Journal of Microbiology and Biotech—
nology 2005 21( 8) : 13854391.

( 1722 )



1722 44
4 (n=5) J. : 2005 30(2):
Table 3 Results of repeated experiment 7597 87.
1% 1% RSD/% 4 _ D
1 98.95 2009.
2 98.89 5 Virginia M Loeblich R V L. Chromatographic investiga—
3 08.93 08.92 0.02 tion of disproportionated rosin J . Journal of the
4 98.90 American Oil Chemists Society 1956 33(7) :320-322.
5 98.92 6
D . : 2006.
3 7 Suvi T. Hiikkinen P L H N. Differential patterns of de—
(1 hydroabietic acid biotransformation by Nicotiana tabacum
and Catharanthus roseus cells J . Journal of Biotechnolo—
920% gy 2012 157(2) :287294.
_ 8
. J. 2005 24( 11) : 1301430s.
(2) 20 min ? ]
J. 2007 27(9) :3841.
65 C 50%  75% - 4 10
3 J. 2008 42(3):942.
98.9% 16.9% . 11 . - -
J. 2011 31
(9):11144117.
1 . J . 12 D .
2008 22(8) :41-44. 2008.
2 Juan Carlos Souto P 'Y M L. Disproportionation of rosin on 13 D .
an industrial Pd/C catalyst: Reaction pathway and kinetic 2004.
model discrimination J . Bioresource Technology 2011 14 . M .
(102) :3504-3511. 1983:51.
3
( 1718 ) I : 2012 28
12 LiuC]J LiuJ LiJ et al. Removal of H,S by co-immohi— (5):876-882.
lized bacteria and fungi biocatalysts in a bio-trickling filter 17 - -
J . Process Safety and Environmental Protection 2013 J . : 2010
91(1/2):145452. 28( 3) :417-420.
13 LinTM Zhou Z M Liu Y X et al. Evaluation of Fe( III) 18 M .
EDTA and Fe( II) EDTA-NO reduction in a NO_ scrubber 2008.
solution by magnetic Fe; O,-chitosan microspheres immo— 19  Pujari V Chandra T S. Statistical optimization of medium
bilized microorganisms J . Biotechnology and Bioprocess components for enhanced riboflavin production by a UV-
Engineering 2014 19( 1) : 175482. mutant of eremothecium ashbyii J . Process Biochem
14 ZhouZ M Jing G H Zhou Q. Enhanced NO, removal from 2000 36( 1) :3137.
flue gas by an integrated process of chemical absorption 20 Han SJ Park H Lee S G et al. Optimization of cold-ac—
coupled with two-stage biological reduction using immobi— tive chitinase production from the antarctic bacterium san—
lized microorganisms J . Process Safety and Environmen-— guibacter antarcticus KOPRI 21702 ] . Appl Microbiol
tal Protection 2013 91(4) : 325-332. Biotechnol 2011 89( 3) : 613-621.
15 . 21  Zhao L. Fan F Wang P et al. Culture medium optimization
J. 2004 24(4): of a new bacterial extracellular polysaccharide with excel-
1749. lent moisture retention activity J . Appl Microbiol Bio—
16 technol 2013 97(7) : 2841-2850.



