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Optimization of Hafnia sp. to Chlorpyrifos Degradation Conditions and a Kinetics Model

TAO Yu—gui, WANG Qi—jin, GU Hao, NI Zheng, QIN Chang—yun

(Department of Biochemical Engineering, Anhui Polytechnic University, Wuhu 241000, China )

Abstract: The objective of this study was to determine the optimum conditions for the biodegradation of chlorpyrifos by Hafnia sp., and to es—
tablish a kinetic model to simulate the degradation process. Response surface methodology(RSM) based on Box—-Bohnken experimental design
was employed to determine the optimum conditions.Results indicated that the optimum conditions for chlorpyrifos degradation based on re—
sponse surface and contour plots were as follows: concentration of sucrose, 0.31% (w); initial concentration of chlorpyrifos, 51.33 mg+L™";cul-
ture temperature, 30.7 °C.In addition, the predicted value of chlorpyrifos degradation rate under the optimum conditions was 74.7%, which was
in good agreement with the experimental result:under the optimum conditions, the degradation rate of chlorpyrifos was 72.2% after 72 hour's
culture. Moreover, according to hypothetical kinetic model for chlopyrifos degradation, the kinetics for chlorpyrifos degradation could be de—

scribed by a first-order equation, which is similar to an enzyme—catalyzed reaction.A possible mechanism for the degradation of chlorpyrifos

by Hafnia sp was that this microorganism had produced an enzyme that can cleave the P-0 bond of chlorpyrifos.

Keywords: Hafnia sp.; chlorpyrifos; response surface methodology (RSM ); kinetics
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Table 1 Levels of variables used in the experimental design
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Table 2 Experiment design with real and predicted values

of the degradation rate

e HEE R Ry
IR X, BER X,  EEX R Y%
1 -1 -1 0 0.505
2 1 -1 0 0.672
3 -1 1 0 0.622
4 1 1 0 0.670
5 -1 0 -1 0.517
6 1 0 -1 0.675
7 -1 0 1 0.573
8 1 0 1 0.674
9 0 -1 -1 0.581
10 0 1 -1 0.686
11 0 -1 1 0.654
12 0 1 1 0.669
13 0 0 0 0.741
14 0 0 0 0.739
15 0 0 0 0.744
16 0 0 0 0.729
17 0 0 0 0.735
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Table 3 ANOVA for full quadratic model

TERR AME  FHH b FiH Pr>F

| 9 0.091 0.01 186.00  <0.000 1
X, 1 0.028 0028 51673  <0.000 1
X 1 00069 00069 12701  <0.000 1
X 1 00015 00015 2834 00011

X, X, 1 0.026 0.026 48411  <0.000 1
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Figure 1 Response surface plots and contour plots of degradation rate under the interaction of different factors
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Figure 2 Relations between chlorpyrifos concentration and time
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Figure 3 Rate of chlorpyrifos degradation by strain from the initial

concentration of 50 mg-L™
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Figure 4 Relation between degradation rate and time by strain

HRIRE T KM, X BE R TR R A —

AOIE N IR, 7E 36 h PP AL MR A ] T KB 76

PR AIMERT e — L B SE BT TR B (8] K 2 t10=

40.2 h,

2.3 BEFRHERIERIT
BHBERZ BB AE Y TR , B BT A A7

AYBRYES T e — PR RE R A L
25 P=0 I P-S 4, ?Egﬁﬁ-ﬂ’ﬂﬁ’&‘ﬁ'%ﬁ%%ﬂ%ﬁ
MR o FET_RIRIG R JE B RS Bl ) AR
WEEREH XA B S R ﬁ%{Eﬁi‘i&%LﬁﬁEﬂ%E’J
RIS . XM — R S L AR TIARARL
DRI T A R B B S0 A e — SRR S D, R BT
e iR T X B ST A AR AR Pl T XA 7 A T BB
LMY R P-O § . 2T Racke FEPHIBTFLR
R, B CHERTRE TESR ) R AR IR AR -

s H0

” 01 \ T

+H,C;,0 —ll’— OH

3 5 6 % Ol

59, 0= =5~ -4

. 2y e
AR H LS 2 FA—F,

3 it

AT 5 1) 0 TR %o B MR ) o gt SR AR A T
etk , 45 R0, 7E EME VR 0.31% . B S W4T ¥R
51.33 mg L' 53R IR E 30.7 CH&AMGT , iREHE
o 7 SE M A B R R R K 74.7%, il it SEIR 740
IGUE T BT @ BeA A ) IEA 1 o S B A G IE , 15
HH WA R 8 TR X B A0 ML I R o R — S Bl AR L
FREH : C=Coe™™™, W3R JE B XT3 SO ) R f S —
BRI SN, W SR JE TR W B AL ) [t 2 PR FiX R R
FEA T RERESRERAE I S P-O A

SE 30K :

(1] 420K, BEFIREFEIRAY 2 2 (). v EAR B, 1997, 13(6):71.
BIAN Quan-le. Safety of chlorpyrifos using[J]. Chinese Agriculiural
Science Bulletin, 1997, 13(6):71.

[2) FRBLA, R E, 815, 5. BUEYREFE BRI 3R]
AL TEME, 2007, 27(6) : 514-519.

ZHANG Yue—zhou, WU Yao—guo, HU Si-hai, et al. Research advances
in biodegradation of organic phosphorus pesticides[J]. Environmental
Protection of Chemical Industry, 2007, 27(6) :514-519.

[3] Galloway T, Handy R. Immunotoxicity of organophosphorous pesticides
[J]. Ecotoxicology, 2003, 12 :345-363.

[4] Won J L, Aaron B, Jane A H, et al. Cancer incidence among pesticide
applicators exposed to chlorpyrifos in the agricultural health study|[J].
Journal of the National Cancer Institute, 2004, 96(23).1781-1789.

[5] Yucel U, Ylim M, Gozek K, et al. Chlorpyrifos degradation in Turkish
soil[J]. J Environ Sci and Health, 1999, 34(1):75-95.

(6] H 77, JAR3R, YIWA, 4. SEFCIrE PRk i P AR RO SE D], R
AP FREERl 224, 2005, 24(2) . 289-293.

TIAN Qin, ZHOU Zhi-giang, JIANG Shu-ren, et al. Degradation of



454 P 1 5155 - W KB B EAR R SRR PR DL A B 3 g A R R Al T

201143 A

chlorpyrifos in environmental water[J]. Journal of Agro—Environment
Science, 2005, 24(2) :289-293.

1 7R, B4, $5E. TiO, M3 FUIMAE + SR TDLREM IR
FL. AR IR, 2009, 18(3):934-938.
WANG Dong, WANG Jing—guo, MU Kang—guo. Effect of TiO, on pho—
todegradation of chlorpyrifos in surface soil [J]. Ecology and Environ—
mental Sciences, 2009, 18(3):934-938.

(8] 3k K, A, TN, 55, XU AR AL R RE SR A 7 B K Y

BRI KA FRF AR, 2009, 35(4):99-103.

ZHANG Chun-yong, YUAN Chun-wei, FU De-gang, et al. Treatment of
chlorpyrifos waste water by two—band micro—-electrolysis[J]. Technology
of Water Treatment, 2009, 35(4):99-103.

(9] FRIRAE, 5 E38, TRIFE, 5F. MHRRAR X SR P 22 SR IRR B A FEAR

FERIBFEN]. A FRIERL 22224, 2009, 28(6) :1307-1312.
CHEN Zhen—de, JI Yu-ling, ZHANG Qing—zhi, et al. Effects of rare
earths nitrate on degradation of chlorpyrifos residue in spinach(J]. Jour—
nal of A gro-Environment Science, 2009, 28(6):1307-1312.

[10] Munnecke D M, Dennis P H. Microbial decontamination of parathion
and p-nitrophenol in aqueous media[J]. Applied Microbiology, 1974,
28.212-217.

[11] Samina Anwar, Fauzia Liaquat, Qaiser M Khan, et al. Biodegradation of
chlorpyrifos and its hydrolysis product 3, 5, 6-trichloro—2—pyridinol by
Bacillus pumilus strain C2A1 [J]. Journal of Hazardous Materials,
2009, 168:400-405.

[12] ¥, L B, B R RIS M0 X 2 LS KV 1R AP B A
WA, BV FRIER AR, 2009, 28(8):1705-1711.

WU Xiang -wei, HUA Ri-mao, TANG Jun. Effect of surfactants on
photolysis of chlorpyrifos in aqueous solution[J]. Journal of A gro—Envi—
ronment Science, 2009, 28(8):1705-1711.

[13] E&7E, KB4, £ F, 5. 3 WREE M 250 AR B
FSER YR, 2005, 11(2):211-214,

WANG Jin—hua, ZHU Lu-sheng, WANG Jun, et al. Degradation char—
acteristics of three fungi to chlorpyrifos[J]. Chin J Appl Environ Biol,
2005, 11(2):211-214.

[14] RC, 15 4, 2573 SR AR L TET 36 AR AL 20 it B 1 2 R M 4
Hh R IFFAMRIBITEN]. AP, 2008, 27(8):9-13.

JI Hong—fei, XU Yang, LI Yan—ping. Optimization of cultivation condi—
tions for monascus pigments by solid fermentation of Monascus[J]. Food
Science And Technology, 2008, 27(8):9-13.

[15] Meng Chun, Chngchun S, Guo Yanghao, et al. Study on characteristics
of biocometabolic removal of omethoate by the Aspergillus spp[J]. Wa—
ter Research, 2004, 38: 1139-1146.

[16] Huiping Li, Guoqun Zhao, Chuanzhen Huang, et al. Technological pa—
rameters evaluation of gas quenching based on the finite element
method[J]. Computational Materials Science, 2007, 38(4):561-570.

[17) ERESR, 35N B 35, 5. ROHTERER IR LRk
PEBFFELI. FBERL 24, 2010, 30(7) : 1390-1394.

WANG Neng-qiang, PENG Fang-gang, LIANG Fang, et al. Optimal
degradation conditions of a poly(vinyl alcohol ) ~degrading enzyme[J].
Acta Scientiae Circumstantiae, 2010, 30(7):1390-1394.

(18] X1 #lE, XU, HE2z, 4. wa R mEuAk Clostridium beijerinckii

ARMER B T BRI IR B BB ST & Tk RLEE, 2010, 31(7)
194-196.
LIU Ya, LIU Hong —juan, ZHANG Jian —an, et al. Optimization of
biobutanol production strain Clostridium beijerinckii with xylose medi—
um by response surface methodology[J]. Science and Technology of
Food Industry, 2010, 31(7) : 194-196.

[19] Mallick K, Bharati K, Banerji A. Bacterial degradation of chlorpyrifos
in pure cultures and in soil[J]. Bulletin of Environmental Contamina—
tion and Toxicology, 1999, 62(1):48-54.

[20] PSS, £ 8, Wi Bl SEFCIRAN G A A R AR AT AR B W s
HEBFE] P ERAIEE, 2010, 43(5) :1041-1049.

ZHANG Qing—fang, WANG Feng, HA Yi—-ming. Research on irradia—
tion degradation and products characteristics of chlorpyrifos and cyper—
methrin[]]. Scientia A gricultura Sinica, 2010, 43(5) : 1041-1049.

[21] Racke, K D. Environmental fate of chlorpyrifos[J]. Rev Environ Contam

Toxicol, 1993, 131:1-150.



