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Abstract: Perchlorate ( C10, ) is a new emerging persistent pollutant and its related environmental problems cause a great concern. Originated from
many anthropogenic and natural sources ClO, is widespread in soil and groundwater environments. Control and restoration of ClO, -contaminated
environments become a new research focus. Phyto-microbial remediation is the most promising technology to abate ClO, pollution but few studies were
reported in China. This paper reviews phyto-microbial remediation of ClO, -contaminated soil and groundwater and its influential factors. The
phytoremediation mechanism for Cl0, is illustrated in terms of phytoextraction phytodegradation and rhizodegradation. To elucidate the combined effect
of phyto-microbial remediation plant rhizodegradation is discussed on microbial metabolic pathway the effects of exogenous additives and environmental
conditions. The research trends and currently existing problems are prospected.
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KCIO, KClO, ( 2008) . \ .
Clo, ( 2007; 2008)
1998 Clo, ( ). -
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2008) . . . N N CO,
( ) - N N ( . N “ory
) - ( N ) “ 7 N
ClO, ( Backus et al. 2005; Kosaka “ - ” N
et al.  2007; Quinones et al. 2007, Dasgupta N N
et al. 2008; Kannan et al. 2009; FDA 2009; Wu clo,
et al. 2010) . Clo, N 1 ;
@D Clo,
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3700 mgeL~" ( Coates and Achenbach ;@ Clo,
2004) (pgeL™) ; BCIo,
clo, ( Parker Cl™; @
et al. 2008; Jackson et al 2010) . clo,
13 clo,
3.04 pgeL™'(Wu et al 2010) .
_ao;
clo, l gi;gﬁ CZG_JrZH
mg*kg ™ ( Smith EIRR H.0
et al. 2004) MacGregor g’g;lo? 2em 12"
Clo, 23 ~ 1.8 x 10° mg*kg ™" ( Logan TG < H,0
2001) . o N Eﬁ% glos
; a0,
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( Urbansky and Aken  Schnoor 2002)
Brown 2003) ; Clo, N Fig. 1 Phytoremediation of perchlorate-contaminated soil and
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N ~ N
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2 ( Plant uptake and accumulation)
clo,
Clo, (
) ,
( 2007;
Seyfferth et al. 2008a) . pH HCO, -
Clo,
Clo, H” ; NO;
Clo,
SO;™.Cl~
clo,
Clo,
( Nzengung et al. 1999a) ;
Clo,

Clo, ( Smith ez al.
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clo, : >
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(PK ) Clo,
( Sundberg
et al. 2003) .
clo,
clo,
N N .@D
Cclo,
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( Nymphaea odorata) . ( Allenrolfea
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( Celtis laevigata Willd.

48200 pg* kg™’ ) .
24300 pgkg™' ) .
14200 pgekg ™ ) .
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( Ulmus parvifolia Jacq.
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clo, 1.2 ~2.0 ( Seyfferth and
Parker 2007) .3

Clo,
NO; Cclo, . /

NO; *cl

95%  80% NO;

Clo,
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3 ( Phytodegradation)
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( Aken and Schnoor 2002) .
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. Aken 2 Clo,
Schnoor ( 2002) Clo, 25 1
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( Lactuca sativa L.) ( Nzengung et al. 1999a; Mwegoha et al. 2007) .
clo; clo;
Clo, 0. 77 PRM/10° AODC ( PRM: ;
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clo, 1.0 x 10> 2.0 x 10> PRM/10’
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4 ( Rhizodegradation) 20 20
(clo,; Clo,)
Clo, (Aslander 1928).1998  Logan ()
clo, 90% . . ClO;
Clo,
clo, Clo, Dechloromonas aromatica ( Bender
et al. 2002)
Clo, . Coates  Achenbach (2004)  ClO,
Clo, . clo, :
N clo,
3 -
4.1 clo, clo, .
(
) clo, . ClO,
( ) ) (a By &)
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( Balk et al. 2008) . () 420 kDa 95 kDa
clo, 40 kDa ( Kengen
Rikken  (1996) 3 et al. 1999) . 4 32 kDa
Clo,
2 1 Clo, (V) (K,) 2200
ClO; Usemg™' 170 pmol-L™";
Clo; N Clo,
2 ( vanGlinkel et al. 1996;
Cl10; 1 O“Connor and Coates 2002) .
3 Clo, ( Mo) ¢ Clo,
Ccl- 0, 4 ( Coates et al. 1999; Chaudhuri
Clo; ( . et al. 2002)
).
1
Table 1 Separation and identification of perchlorate—reducing microorganisms

Dechlorosoma sp. GR-1

Wolinella succinogenes HAP-1

Dechlorimonas agitatus CKB

Dechlorimonas sp. perclace
Dechlorimonas sp. JM
Dechlorimonas sp. KJ
Citrobacter sp. IsoCockl
Dechloromonas sp. HZ
Dechloromonas sp. JDS5 JDS6

Dechloromonas sp. PC1

Dechlorospirillum sp. VDY
Moorella thermoacetica sp. Anl0
Sporomusa sp. An4

Magnetospirillum bellicus sp. Nov. VDY"

Dechlorobacter hydrogenophilus gen. nov.  sp. nov LT-

1"; Propionivibrio militaris sp. nov. MP"

( Isolate WD TTI SIUL MissR CKB CL

13 Strains 01 pS Isol Tss2 SDGM NSS PK)

(Isolate PDC PDD PDE PDX KJ KJ3

8 Strains KJ4 D-3)
Dechloromonas sp. EAB1 EAB2 EAB3
. ABI2 PMC RCl RC2 PR INS;
16 Strains ..
Azospirillum sp. AJ2 ABLI PMSI PMS2

SNIA SNIB SN2

3 Strains Pseudomonas stutzeri Al;
0 NS hrobacter A2 A3

VG3( )
€0, .H,
HCO; .H,
€0, .H,

. .H,

Rikken et al. 1996

0.5um  2~8 um

Wallace et al. 1996

1999

Bruce et al.
OSMmXZMm ruce el a.

1999
2000
2001
Okeke et al. 2002
Zhang et al. 2002
2005
Nerenberg et al. 2006

Herman et al.
Miller et al.

Kim et al.

0.3 pm x1.8 pm

1 pm Shrout et al.

0-2 pm Thrash et al. 2007
7 pm
0.4~0.6 2~
pm Balk et al. 2008

8 pm

0.5~0.8 um

Balk et al. 2010

8 um

Thrash et al. 2010a

2 pm x0.3

pm (0.8 ~1.6) umx0.3 pm 2010b

Thrash et al.
1999

Coates et al.

Logan et al. 2001

Waller et al. 2004

Shete et al. 2008
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4.2 nigra) Clo,
Clo, 500 mgeL.”""  DOC 9d 25 ~40 mgeL"'
( c) ( clo; (2 pgeL™") . DOC
NO; .ClO; .0, ) clo; clo; 1
clo, (430 mgekg™' 20 mgekg ")
Clo; ; DOC
Tan  (2004b) clo; clo;
pge L™
clo; clo;
3 H,.Fe’.S°
~ ~ ( ) - .H, (0.08 mgL™")
/ \ clo; o,
‘ ‘ ‘ HCO, - H,
/ Cl0; :
(TCE )
( Zhang et al. 2002;
Shrout et al. 2005) . Fe’
EERE i’ FRIE IR Clo, H,
Llaf 1@ CO,. H,0 IR . ( Shrout et al. 2006a; Yu
cI0; et al. 2006; Ju et al. 2008) . Fe’ (Fe +
FOIS oo T S
h ’ 4
Cl0; . Bardiya  (2005)
TR 1 % s 5 (80,>7.S,03") Clo;
: JJu o (2007) s°
(a0, J== co.mommn (ClO,~ + 473"

2 Clog ( Rikken et al.  1996;

Kengen et al.  1999; O’Connor and Coates 2002)
Fig.2 Reduction pathway of perchlorate by bacteria ( Based on the
1996; Kengen et al. 1999;

references of Rikken et al.

0’Connor and Coates 2002)

.Clo,
( ) ( . .
N N ) N N
( Bruce et al. 1999: Balk et al. 2008; Okeke
et al. 2002; Shete et al. 2008) . Yifru  Nzengung
(2008) ( DOC) ( Salix

+ 4/3H,0 —Cl™ + 4/3S0; + 8/3H")

(S*~ S,057) Clo,
Clo,
clo,
Fe.S
(  0,.NO;) clo,
3 0,
NO; Clo,
0, NOj
Clo, NO;  Clo,
.NO;

( Attaway and

Smith 1993; Rikken et al. 1996: Chaudhuri et al.
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2002; Ju et al. 2007) Cclo; Cclo; 0,
NO; Clo; ;
NO; <100 mgL™" 100 ~ 400 DO
mgeL "' Clo; (23.6 % ( Nzengung et al. 2004) .
3.7) pmol*L™"h™" (2.3 +0.2) pmol*L '+h”' 4.8 mgL™' C1o,
( Urbansky 2000) ; NH, / ( Shrout et al. 2006a)
NO; NO; ()
Clo, ( Seyfferth et al.
20084) .
clo; 502 Cloy
Clo; 300 mgeL"! Cloy E,
S07- CI0; ( Tan (-220mV)  ClO] 100.0% +
et al. 2003) . NO; SO Mn(1V) .Fe(mm) . 3% ! E, (+39 mV) 166 h
10,7 8,02 .Se0,? 6.7% +£3.3%  ClO, . Nzengung
(19991)
O o 0, Clo;
Clo;
clo; clo; ( Salix
( Kengen et al. nigra)
1999) . 17 d 31d
clo; Clo,
clo;
o
LuFhs > | Nacl
8 L ﬂ NaCl (
- l 0, H,0 )
Q;O%. TN N R Logan  (2001)
) l 11% Clo; ;
- \ 3% .
(o § Mo ﬂ pH clo;
co; cr pH
3 co; ( Coates : clo, pH
and Achenbach 2004) 7~38 ( Yu et al. 2006) pH
Fig. 3 Effect of co-existing electron accepter for the degradation of Clo, pH
perchlorate by bacteria( Coates and Achenbach 2004) (
03 S o
. Dugan  (2009)
0, (E,) . 10 € Clo,
( NaCl) .pH ; Clo,
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30 ~35 C Anl0
55 ~60 °C( Balk et al. 2008) . ClO;

5 ( Perspectives)
Clo,
Cclo,
Clo,
Clo,
Mo C JFe’
N ( NO; )
Clo,
Clo,
clo,
clo,
(1973—) .
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