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Optimization of propoxur degradation by immobilized mixed bacteria
LI Qiwu* JIN Hongyu? SHU Qian*> GAN Xingli® YANG Haijun? XING Honglin®"

(1.State Key Laboratory for Monitoring Heavy Metal Pollution in Environmental Protection, Changsha, Hunan 410014,
China; 2.College of Plant Protection, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: Two strains of salt-resistant propoxur-degrading bacteria CS1 and CS2 were isolated from the waste water
treatment tank of Hali (Changde) Pesticide Chemical Co., Itd., and identified as Acinetobacter sp. through morphological
characteristics, physiological and biochemical identification and 16S rDNA sequence analysis. The suspensions of CS1
and CS2 strains in the logarithmic growth stage were compounded into mixed bacterial agents according to the volume
ratioof 1 1,1 15,1 3,15 1,2 1,25 1and3 1, respectively. Results showed that when the liquid volume
ratio of CS1 and CS2 suspensions was 1.5:1(M6), the degradation rate of propoxur was the highest, reaching 72.68%. M6
was embedded with sodium alginate (SA)-activated carbon, polyethylene glycol (PVA)-activated carbon and
PVA-SA-activated carbon. A degradation rate of 73.22% was observed when the strains were embedded in
PVA-SA-activated carbon. The orthogonal test was used to optimize the 4 main factors that affect the degradation
efficiency of propoxur (propoxur mass concentration, medium salinity, temperature and pH). The optimal combination of
the 4 factors for degradation of propoxur by M6 include propoxur mass concentration of 200 mg/L, salinity of 3%, pH 6.5
and temperature of 30 ‘C, and the degradation rate of propoxur was up to 77.34%. Degradation of propoxur by
immobilized mixed bacteria M6 was effected mostly by temperature, followed by propoxur mass concentration, salinity
and pH.
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Table 1 Propoxur degradation rate at different concentrations
of propoxur with different bacterial strains
1%
[mg:L™")  cs1 Cs2 CS3  CS4  Cs5

50 50.33 54.12 22.31 12.23 10.09
100 53.07 57.66 3.33 2.36 111
150 56.12 61.07 1.13 0.19 0.18
200 39.78 48.31 0.25 0.13 0.22
250 20.11 34.31 0.21 0.18 0.15
300 8.33 11.15 0.22 0.19 0.15
1 CS1 Cs2
0%~1%
3% CS3
CS4 CS5
3% CS1 CS2
CS3 CS4 CSh5 CS1 Cs2
CS3 CS4 CSh5
05 - @mcst pcs2 @Cs3 mCsé @Css
04 ' i
g 03
a
O 02 |
o1 LHI 3
0 A A §§ oy s
0 1 2 3 4 5
1%
B 1 BABPEREEENTTERED
Fig.1 Salt tolerance of different strains
2.1.2 BMERLER
Cs1
Cs1

1 2 Cs1 3 4 CS2
2 BEEERNEEESRIEEBEURER
Fig.2 The colony morphology and scanning electron microscopy of

the strains

CS1 Cs2 16S rDNA PCR
1200 bp 1 300 bp

CS1 16SrDNA

1 105 bp CS2  16S rDNA
1233 bp BLAST Cs1
Uncultued bacterium(GenBank GQO073520.1)
98% CS2 Uncultued
Acinetobacter sp.(GenBank KU514881.1)
99% CS1 Cs2

(3
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Uncultured bacterium |[HM299007.1] 100 | Acinetboacter sp. [HM299007.1]
Uncultured bacterium [KU514881.1| 90 Acinetboacter beijerinckii strain|IN644620.1|
Uncultured bacterium [JF108097.1] 88| L— Acinetboacter sp.HM629335.1]
91 | Acinetboacter sp. [JN228278.1]
83 Acinetboacter sp. [JF828050.1| 79 100 | Acinetboacter sp.[GUO71279.1|
Uncultured bacterium |GQ072827.1| Acinetboacter sp.|GQ287629.1|
cs1 99 cs2
98 Uncultured bacterium |GQ073520.1]
. Lo Uncultured Acietobacter sp. [KU514881.1|
Acinetboacter beijerinckii strain JF742664.1]
Acinetboacter beijerinckii strain |IN644620.1] 98 Acinetboacter sp. [JX899632.1|
v Uncultured Acietobacter sp. |[FJ192835.1 Acinetboacter sp. [KM979060.1|
3 B CSLICS2 MAGZEER
Fig.3 Phylogenetic tree for strains CS1 and CS2
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M6 CS1 CS2 Fig.4 Degradation rate of mixed bacteria on propoxur
18.56% 13.61%
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M6
(5
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5 3HEEMLEKEE)IK
Fig.5 Pellets embedded in different immobilization carriers
*2 REHE M6 EELHIkN TR R FERE
3 3 g 50 mL Table 2 Degradation rate of propoxur by immobilized M6
1 mL M6 microspheres
. /
150 mg/L 200 r/min  pH7.0 min %
3% 30°C 72h CK 14.013 3294.4 0.00
( Z)SA_ PVA- SA- 14.372 1022.6 69.01
SA—PVA— 3 M6 PVA- 14.464 882.9 62.61
SA-PVA- 14.357 12318 73.22
69.01% 62.61% 73.22%
SA-PVA- M6 3 6
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72 h PVA- PVA- SA-
PVA-
SA-
1 4 SA-PVA- 2 5 PVA- 3 6 SA-
E 6 RBSEEE MBI RERRE R
Fig.6 Characterization of differently immobilized microspheres before and after the propoxur degradation experiment
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Fig.7 Degradation rate of initial propoxur concentration on the Fig.8 Degradation rate of sodium chloride concentration on the
degradation of propoxur respectively with free cells of degradation of propoxur respectively with free cells of
strains CS1, free cells of strains CS2, free mixed bacteria strains CS1, free cells of strains CS2, free mixed bacteria
M6 and immobilized mixed bacteria M6 M6 and immobilized mixed bacteria M6
S 2.3.3 pHAA® RS
230 BAESYH P AL RIS
pH M6 M6

CS1 CS2 M6 M6



630 ( ) http://xb.ijournal.cn 2019 12
9 pH 7 CS1 Cs2 80
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Fig.10 Degradation rate of temperature on the degradation of propoxur
M6 respectively with free cells of strains CS1, free cells of strains CS2,
free mixed bacteria M6 and immobilized mixed bacteria M6
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HBE AR o m I
Fig9 Degradation rate of pH value on the degradation of (mg-L™)
tively with free cells of strains CS1, free L 150 2 65 25
propoxur respfac y . ' ) 200 3 7.0 30
cells of strains CS2, free mixed bacteria M6 and 3 250 4 75 35
immobilized mixed bacteria M6
4 M6
2.3.4 REWFM 200 mg/L 3% pH
CS1 CS2 M6 M6 6.5 30°C 77.34% R
10 CS1 CS2 M6 x4 EEREESE M6 WK REHIPEMEE
M6 20 35°C Table 4 Degradation rate of propoxur by immobilized mixed bacteria M6
o, 9 K
15 20 °C CSL CS2 M6 M6 (mgLy M e 1%
M6 1 150 2 6.5 25 66.13
2 150 3 7.5 30 74.32
CS1 CS2 M6 30C 3 150 4 7 35 67.36
Cs1 CS2 M6 M6 4 200 2 7.5 35 68.62
5 200 3 7 25 75.19
Csl Cs2 Mé 6 200 3 6.5 30 77.34
M6 40 C 7 250 2 7 30 69.82
0 8 250 2 6.5 35 70.36
M6 52.13% 9 250 4 75 25 71.79
I 208.68 204.57 213.83 213.11
1I 221.15 219.87 212.37 221.51
I 211.97 216.49 214.73 206.34
K1 69.56 68.19 71.27 71.04 T=640.93
35 °C M6 K 73.72 72.29 70.79 73.84
Ks 70.65 72.16 71.58 68.78
R 4,16 4.10 0.79 5.06
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