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Alcaligenes sp.  Rhodococcus sp. ( A R) HPLC
AR5( A:R 1:4) 24 h 100 mgeL ™! 200 mg*L ™! 74.25%
72 h 600 mg*1.~!
10 mg*L~! . 30 C.pH=6.0. 7%

75.76% . ( )
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Abstract: Two carbendazim-degrading strains an Alcaligenes sp. designated A and a Rhodococcus sp. designated R were mixed in different proportions
to develop a highly effective bacterial consortium  whose degradation conditions were then optimized. During the test a ternary wavelength
spectrophotometric method and HPLC were used to determine the residual carbendazim in the culture medium based on which the degradation rates of
individual strains and the combined bacteria were calculated. The combined bacterial consortium ARS showed optimal degradation capability and could

! carbendazim within 24 hours of cultivation while the degrading rate for 200 mg*L =" carbendazim reached 74.25%

completely degrade 100 mg* L~
which was superior to that of either individual strain alone. Moreover the mixed culture had excellent tolerance and degradation ability against
carbendazim of high concentrations as carbendazim at 600 mg*L ™" was degraded to about 10 mg*L~" within 72 hours. The result of an orthogonal
optimization experiment showed that the optimal degradation conditions for ARS were 30 °C  initial pH 6.0 and 7% inoculation volume under which the
degradation rate reached 75. 76% . The addition of carbon and nitrogen sources especially urea and yeast extract could further promote the

biodegradation of carbendazim by the combined bacterial culture ARS.
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1 ( Introduction) .
( Mazellier et al. 2003) .
( Carbendazim) .
; - (
. . 1989) ( Sarrif et al. 1994)
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( 2008) . NY/T 1680—2009( 2009) .
2.3
Pseudomonas
sp. ( Fuchs et al. 1978) . Rhodococcus sp. LB
( Holtman et al. 1997; Xu et al. 2006) . 30 C 24 h. 0Dy,
Ralstonia sp. ( 2004) . 1.0 5 mL 4 °C 4000 remin "' 5
Bacillus pumilus( 2006) min 1
Trichonderma sp. ( 2009)
2.4
200 mg-L " 100 mL pH
( 2005) . 6.0. 5% (A:R
4:1.3:2.2.5:2.5.2:3.1:4)
( Rhodococcus sp.  Alcaligenes sp.) 3 .
30 °C 150 remin "' 12 h
1
ODgq0-

2 ( Materials and methods)
2.1
( Alcaligenes sp.) A;
( Rhodococcus sp. ) R.
( 2009;
2010) .
LB :NaCl 10.0 g 10.0 g
5.0 ¢ 1000 mL pH =7.0.

:NaCl 1.0 ¢ K,HPO, 1.5 ¢ KH,PO, 0.5 g
(NH,) ,S0,2.0 g MgSO,»7H,00.2 g
mL pH =7.0.

98% ; UV-1200

SKY-200B : LC2010AHT
2.2
( 2005) : 5 g'L_'

( )

100 pL (1 +11)
10 mL 278.281 290 nm

AA =Ayg = (Ayg +An,) /12
AA

1000

2.5

100.200.300.400.500.600 mg=L "
pH 6.0 5%

30 °C 150 remin ' 12 h
2.6
-pH 3
Ly(3%)
1.
1
Table 1~ Orthogonal design of different factors and levels
/°C pH
1 25 5 3%
2 30 6 5%
3 35 7 7%
2.7
200 mge L™
0.2% N N

6.0 5%
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30 €150 remin~"' ; A
24 h R R
3 ( Results)
3.2
3.1 2 ARS
600 mgeL ™" 100+
( 1) 72h 200 300 mgeL"' 24
A 200 mgeL"' 90% 48 72 h; 400 ~ 600 mg-L ™"
R 72 h 10 mgL"™"
2.15%.
R
700
A. AR5 ( —— 100 mg-L"!
600 —— 200 mg-L!
A:R =1:4) 48h 200 —— 300 mg-L™!
—~ me-L-L
mgeL”! . 24h 5 s S o
51.5 mg+L""' 74.25% £ 00 o= 600 meLt
=
A R 29. 00% 5 s
52.75%; (36h ) ARS .
&
( OD()()()) N 100
LB
0
A R A 0 12 24 36 48 60 72
R t/h
A 2 AR5
R Fig. 2 The degradation of carbendazim at different concentrations
ok —mibkA R by combined bacterium AR5
BOr o ARI@#D) e AR2(32)  —e—AR3(2525)
—a— AR4(2:3) —e— AR5(1:4) pH =6.0.30 OC 24 h AR5
~ 200 o—— 0 0 100+ 200+ 300. 400. 500 600
Q
b sol mgeL "~ 100% « 74. 24% -
E 63.91% +62.19% .50.74% 42.84% (  3).
2 100
=
$ 24h
TS0
0 100.0.148.5.191.7.248.8.253.7
0
h 257.1 mgeL~'ed"!
1
Fig. 1 The degradation curves of carbendazim by individual strains ARS
and combined bacterial cultures in different proportions .
4 100 ~ 600 mg-L.~"

ARS
24h
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100% 105 ' ' X '
—— [Efif AR
—*— ODgoo
80% R pH=6.0
5% 25C 30
¥ 60% -
= & ARS 2
B @]
40%
30C( 2 ) .pH =6.0(
20%
2 ). 7% (3 )
0 I I I I 0 5 75.76% .
100 200 300 400 500 600
¢(Carbendzaim)/(mg-L ™) 5% 7% 53.53%
53.78% 5%
3 AR5
. : : . 7%
Fig. 3 The degradation rate of carbendazim at different
concentrations by combined bacterium and its biomass 5%
( Holtman et al. 1997; Xu et al. 2006;
2
2004, 2009;
Table 2 The results of orthogonal experiment
2008) .
24h
100%F pH
ENGRA. mEEER  BAS 1 I I I 26.69%
80%
M 2 1 2 2 67.33%
:3,«!_60%-7 3 1 3 3 58.13%
el
pry 4 2 1 2 28.22%
= a0%}
5 2 2 3 75.76%
20%} 6 2 3 1 59.66%
7 3 1 3 27.45%
0 1 1 1 1 1
100 200 300 400 500 600 8 3 2 1 64.26%
¢(Carbendazim)/(mg-L ")
9 3 3 2 65.03%
4 AR5 1 50.72% 27.45% 50.20%
Fig. 4  The comparison of degradation rate of carbendazim by 2 54.55% 69.12% 53.53%
individual strains and combined bacterium 3 52.25% 60.94% 53.78%
3.83% 41.67% 3.58%
R ARS
100 mg* L' pH
41. 67%
3.83% 3.58% 3
A :pH > >
R
( 2008) .
SAS 8.0 ANOVA
- 3. pH
\2- ( Xu et al. 0.0175 0.01 <0.0175 <0.05
2006; 2009) . pH=5.0~7.0 pH

3.3
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pH=5.0 65. 1%
27.45% pH . GB18406. 1—2001
. pH 7.0 ( 2001) 0.5
mg*kg ™'
1.09 mgekg ! 118%; L11
pH =6.0 mgekg ™' 122%; 1.05 mgekg ™'
ARS 110% .
3
Table 3 The results of variance analysis
df SS MS F p
2 22.2998 11. 1499 0.43 0.7005 Pattanasupong( 2004)
pH 2 2924.048161462. 0240 56.08 0.0175 24D
2 23.9013 11.9506 0.46 0. 6857 »
- - v 36 h 100 pmol L
ARS
3.4
5 (
. N . )
ARS 24h
( )
ARS
14.5% 15.5%.
100% (2006)
— — NY97-1
80% I —
B 60% -
x .
& 0| 5 ( Conclusions)
20% 1) A R
0 1 1 1 1 1 J ARS
T HERE e RE  EERRY A AR =1:4( ). 30 C.pH=6.0
WEIR
200 mge L~
3 48 h
Fig. 5 Effect of carbon and nitrogen sources on the degradation of
carbendazim by ARS
2) ARS
4 ( Discussion) 4
72h 600 mg- L.
10 mgeL™' 24h
100 mgL™" ; 100 ~
600 mg* L™
( 2005) .
10 152 3)

AR5 pH
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pH . 30
°C.pH 6.0. 7% 24h
75.76% .
4) ( - )
AR5
(1955—)
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