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“on-site bioreclamation”

P. putida K T2440

2.2
/
H, CO;
(28]
2
2.1 Minnesota
(Biodegradation and Biocatalyst Database)
DDT 139 910 577
[10] 328 247 50
[11,12] 76 1,2- 109
[13~19]
24D BHC 4 S DDT
, 245T
2
1 [27
3
1 [16-25] 2 [ 7]
) ) (39
Table 1 Examplesof pure cultures of microorganisms
that degrade various pegticides (9
2.3
Acifluorfen Pseudomonasfluorescens
Pseudomonas sp.
Aldicarb Achromobacter sp. [40] [41]
Pseudomonas sp. pH
t Rhodococcus sp. N-
Achromobacter sp.
2-(1- Clostridium sp.
-4, 6-
2,4-D Pseudomonas sp.
DDT Proteus vulgaris
Rhizopus japonicus N-
Clostridium sp. (42
Bacillus sphaericus acylamidase
Plesiomonas sp.
Bacillus sp.
Pendimethdine Fusarium oxysporum, N- [43]
Paecilomyces varioti chemataxis
F. oxysporum
Pseudomonas sp.
Candida sp. N-
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2
Teble2 Pathway and intermediates of Some pesticides degraded by microbes and degrading related genes
( )
P. diminuta GM (Sedar) opd(pCMS1)
Flavobacterium sp. ATTCC27551(Mulbry?®) opd (pPDL2)
Flavobacterium sp.(Chaudhry®) Opd
P. pudita (Ranit®™”) 1,24
Plesiomonas sp.M6(Cui ) Mpd
P. pudita DLL-1"(Liu ") Mph
a-HCH Sphingomonas paucimobilis BOOA linAB,D,E
& HCH Phanerochaete chrysosporium (Sngh)
S. paucimobilisUT26  Nagata 2,5 linAB,C,D,E
DDT Synechococcus sp DDD
Klebsela pneumoniae DDE
Permethrin P. fluorescens(SM-1), Achromobacter. sp(SM-2)  3-
B.cereus(SM-3) (Maoney*?) trans-DCVA
Pseudomonas spp. Rhodococous sp. 1-
Arthrobacter sp. RC100" (Masahitd™) pRC1, pRC2
R corallinus(Cook  Huntter) CEAT
R. corallinus NRRLB-15444R(Walter!) MCEAT  CIAT
Rhodocooccus sp. TEL (Shao) Plasmid(77kb)
Pseudomonas sp. ADP'( De Souza™) atzA, atzB, atzC
Rodococous .9p BTAHL™ (Hu) atzA
2,4-D A. eutrophus IMP134 tfd  tfd
P. cepacia CSV90"  Manzoor™™ 2- -4 cadRABK,C
P. pseudomauei (Penaoza-vazquez) olpA, glpB
Streptomyces hugroscopicus bar
* C N
3 Nassser
(1994)
0.14 mol
25 20
[44~47] 3 Shapir
Pseudomonas sp. ADP
90%~100% Struthers A
radiobacter Jl4a
Fulthorpe [
24D 2-5
Stauffer 1993~1995
Management Spadarot® ODOT 2,4-D
(491
7 24-D 1100 mg/kg
3 18 mgkg
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Table3 Summayof amdl scaefidd expaiments on bioremediation of peticide comtaminated soil

/

DDT 30d 69% 3%

21d | 9%~15% 1 23%
, , 98%

2,4-D, DDT 168h 2,4-D: 9% DDT: 58%~99%
7~10d 1200 mylL 0.02~0.1 mglL
30d 2000 mg/L 8~10 mylL

/ ( ) 4m 88%~99%  ( )

24D, 8m 73%  24-D,80% 62%

/ DARAMEND™ BHC 405d 41%~96%
BTXE, 4w
37d 79% 1,35-
3~30d 80%
( ) 14-21d  58%-95%
[51] (
DDT) 1991

50%~60%

CO,
35
86.296° 1 80%
(53]
5
1.63~2.34
1.68~2.83 M
4
BCI
Bioremediation Consulting Inc. WIK
Associates Inc. Engine-

ering Services and Bio-remediation Company



(o2}

9

10

11

12

13

14

6 581
23(3): 411 ~ 413
15 , , 1605
,1999, 5( ):
117~ 119
16 Kans JS, Mulbry WW, Nedson JO, Kearney PC.

, 1997, 7: 40 ~ 43

, 2001, 6:23~24

, 2001, 33(6): 309 ~ 311
Arakaki AS, Williams L, Li Q. Field demongtration on the
remova and disposa of heptachlor and heptachlor epoxide
from soils of abandoned pinegpple fields on Molokai,
Hawaii. Correspondence from JJ. Nakatani, State of
Hawaii Department of Agriculture, 1999
R -T & A. Bioremediation of persistent organic pollutants.
Technologie a biotechnologie, 2002
Fatigoni C, Marcarelli M, Monarca S. Effects of synthetic
pyrethroids on mammalian chromosomes. |. Sumicidin.
Mutat. Res., 1982, 105 (1-2): 101 ~ 106
Sarokin D. The toxics release inventory. Environ. Sci.
Technal., 1988,22:616 ~ 618
Zwillich D. A tentative comeback for bioremediation.
Science, 2000, 289(29): 2266 ~ 2267
Alexander M. Biodegradation of chemica of environ
mental concern. science, 1981, 211:132 ~ 138
Chen W, Mulchandani A. The use of live biocataysts for
pesticide  detoxification.
1998,16(2): 71~ 76

Trends in Biotechnology,

, 2003, 30(6): 93~ 96
, 2004, 23 (1): 73~ 77
, 2003,
40(1): 123~ 129
X-1
, 2003,

17

18

19

20

21

22

23

24

25

26

27

28

Metabolism of carbofuran by a pure bacterid culture.
Pestic. Biochem. Physiol., 1986, 25 211 ~ 217

Behki RM, Kahn SU. Degradation of atrazine by
Pseudomonas sp. N-dealkylation and dehalogenation of
atrazine and its metabolism J. Agric. Food Chem., 1986,
34: 746 ~ 749

Behki RM, Topp E, Dick W, Germon P. Metabolism of the
herbicide atrazine by Rhodococcus strains. Appl. Environ.
Microbiol., 1993, 59: 1955 ~ 1959

Hammil TB, Crawford RL. Degradation of 2sec-butyl-4,
6-dinitrophenol (dinoseb)
KMR-1. Appl. Environ. Microbiol., 1996, 62: 1842 ~ 1846
Barker PS, Morrison FO, Whitaker RS. Conversion of
DDT to DDD by Proteus vulgaris a bacterium isolated

by Clostridium bifermentas

from the intestinal flora of a mouse. Nature (London), 1965,
205: 621 ~ 622

Wadlnéfer PR, Safe S, Hutzinger O. Microbid
demethylation and debutylation of four phenylurea
herbicides. Pestic. Biochem. Physial., 1973, 3: 253 ~ 258
Sethunathan N, Yoshida Y. Microbid degradation of
insecticides in flooded soil and in anaerobic cultures.
Residue. Rev., 1973, 47: 143 ~ 165

Cui Zhongli, Fu Guoping, Li Shunpeng. Isolation of
Methyl Perathion Degrader strain M6 and Cloning d the
Methyl
Microbiol., 2001, 66(10): 4922 ~ 4925

Singh SB, Kulshreyha G. Microbial degradation of
pendimethalin. J. Environ. Sci. Hedlth, 1991,26: 309 ~ 421
Zeyer J, Kearney PC. Degradation of trifluralin in pure
culture. Pestic. Biochem. Physiol., 1984, 20:10 ~ 18
Fulthorpe RR, Rhodes AN, Tiedje JM. Pristine soils

mineralize 3-chlorbenzoate and 2, 4-dichloro- phenoxya

parathion Hydrolase Gene. Appl. Environ.

cetate via different microbia populations. Appl. Environ.
Microbiol., 1996,62(4):1159 ~ 1166
http://umbbd.ahc.umn.edw/ Biodegradation and Biocatalyst
Database

Mulbry WW, Kearney PC. Degradation of pesticides by

microorganisms and the potential for genetic manipulation.



582

36

29

30

31

32

36

37

39

Crop Protection, 1991,10: 334 ~ 346

Chaudhry GR, Ali AN, Whedler WB. Isolation of a methyl
parathion-degrading Pseudomonas sp. that possesses DNA
homologous to the opd gene from a Flavobacterium sp.
Appl. Environ. Microbiol., 1988,54(2):288 ~ 293

NL, Ldithakumari D. Degradation of methyl
parathion by Pseudomonas putida. Can. J. Microbial.,
1994,40: 1000 ~ 1006

Rani

, 2003, 30 (10): 40 ~ 46
Maoney SE, Maule A, Smith AR. Transformation of
synthetic pyrethroid insecticides by a thermophilic Bacillus
sp. Arch. Microbiol., 1992,158(4): 282 ~ 286
Masahito H, Motoko H, Tadahiro N. Involvement of two
plasmids in the degradation of carbaryl by Arthrobacter sp.
strain RC100. Appl. Environ. Microbiol., 1999, 65(3):
1015 ~1019
Mulbry WW, Karns JS. Parathion hydrolase specified by
the Flavobacterium opd gene: relationship between the
gene and protein. J. Bacteriol., 1989, 171(12): 6740 ~ 6746
Boundy-Mills KL, De Souza ML, Mandelbaum RT. The
atzB gene of Pseudomonas sp. strain ADP encodes the
second enzyme of a novel atrazine degradation pathway.
Appl. Environ. Microbiol., 1997, 63 (3): 916 ~ 923
Manzoor AB, Masataka T, Kihachiro H. Identification and
characterization of a new plasmid carrying genes for
degradation of 2,4-Dichlorophenoxyacetae from Pseudo-
monas cepacia CSV90. Appl. Environ. Microbiol., 1994,
60 (1): 307 ~ 312
Dehmel U, Engesser KH, Timmis KN, Dwyer DF. Cloning,
nucleotide sequence, and expression of the gene encoding a
novel dioxygenase involved in metabolism of
carboxydipheny! ethers in Pseudomonas pseudoal caligenes
POB310. Arch. Microbiol., 1995, 163 (1): 35~ 41
Cuneyt MS, David TG. Enzymatic hydrolysis of
organophosphates: cloning and expression of a parathion
hydrolas gene from Pseudomonas diminuta. Bio/
Technology, 1985, 3: 567 ~ 571

P3

2002, 42 (1): 19~ 26
Rieger PG, Mee HM, Gerle M, Vogt U, Groth T,

41

42

47

49

Knackmuss HJ. Xenaobiotics in the environment: present
and future strategies to obviate the problem of biological
persistence. J. Biotechnol., 2002, 94: 101 ~ 123
Fewson CA. Biodegradation of xenobiotic and other
persistent compounds: the causes of recalcitrance. Tibtech,
1988,6:148 ~ 153
Krockel L, Focht DD. Congtitution of chlorobenzene-
utilizing recombinants by progenitive manifestation of a
rare event. Appl. Environ. Microbiol., 1987,53:2470 ~
2475
Luthy RG, Aiken GR, Brusseau ML, Cunningham SD,
Gschwend PM, Pignatello JJ, Reinhard M, Traina SJ,
Weber WJ, Westall JC. Sequestration of hydrophobic
organi-contaminants by geosorbents. Environ.  Sci.
Technoal., 1997,31:3341 ~ 3347
Mulbry W, Ahrens E, Karns J. Use of a field-scale biofilter
for the degradation of the organophosphate insecticide
coumaphos in cattle dip wastes. Pesticide Science, 1998,52:
268~ 274
Mulbry WW, Del Vale PL, Karns JS. Biodegradation of
the organophosphate insecticide coumaphos in highly
contaminated soils and in liquid wastes. Pesticide Science,
1996, 48: 149 ~ 155
Dott W, Steiof M, Zettler B. Biological degradation of
chlorinated aromatics in a pilot-scale water treatment plant.
In: Wickramanayake GB, Hinchee RE. eds. Bio-remedia-
tion and Phytoremediation: Chlorinated and Recalcitrant
Compounds. Columbus, 1998

, 1996, 33 (4): 380~ 334
Fulthorpe RR, Rhodes AN, Tiedje JM. Pristine soils
mineralize 3-chlorbenzoate and 2,4-dichloro-phenoxyace
tate via different microbia populations. Appl. Environ.
Microbiol., 1996, 62(4): 1159 ~ 1166
Gray NCC, Cline PR, Moser GP, Guiler HA, Gray Al,
Gannon DJ. Full-scale bioremediation of chlorinated
pesticides. In: Leeson A, Alleman BC. eds. Fifth
International. In  Situ and On-Site Bioremediation
Symposium, 1999, 125 ~ 130
Spadaro JT, Webb EL, Schmid H, Degher A, Williamson
KJ. Bioremediation of soil containing 2,4-D, 2,4,5T,
and Silvex. In:

Dichlorprop, Wickramanayake GD,

Hinchee RE. eds. Designing and Applying Treatment



Technologies, Remediation of Chlorinated and Recalcitrant
Compounds. The First Internationa Conference on
Remediation of Chlorinated and Recalcitrant Compounds,
1998, 183 ~ 188

51 Ding Kegiang, Luo Yongming, Sun Tieheng, Li Peijun.
Bioremediation of soil contaminated with petroleum
Uusing forced-aeration composting. Pedosphere, 2002, 12
(2): 145~ 150

583
52
, 2002, 39 (1): 45~ 51
, 2004, 41
(4): 590 ~ 596
54 , , . HD
, 2002, 39
(4): 575~ 581

MICROBIAL REMEDIATION OF PESTICIDE-CONTAMINATED SOIL

LI Shun-peng JANG Jian-dong
('Nanjing Agricultural University, Key Laboratory of Microbiological Engineering of

Agricultural Environment, Ministry of Agriculture, Nanjing 210095 )

Abstract  This paper mainly introduces the status of pesticide pollution of soils and its harm, the past and
presence of the researches on microbial remediation, and advancement in research and industrialization of microbial
remediation of pesticide-contaminated soil. In the end of the paper, the prospects for bioremediation research is

discussed and fields for further study are recommended.

Keywords Microbia remediation, Pesticide pollution, Soil, Research advancement



