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Abstract: With the development of modern industry, the environment pollution caused by heavy metal such
as lighly soluble Cr(VI) possesses the intense toxicity to human health. In the process of microbial metabo-
lism, the Cr(VI)can be reducted to the Less soluble Cr(IIl) and the toxicity would be reduced effec-
tively. There are several aspects summarized in the paper, such as microbial reduction Cr(VI) the mecha-

nism of microbial reduction Cr(VI) problems in the reduction process and development direction.

Keywords: Microbial, Reduction, Cr(VI)

(3]

b

, Cr(VI) (34,01
, Cr(VI)
, Cr(Ill) 100 NADH
) ) , , Cr(VD
, Cr(VI) Cr(11n)
, [1-4] , Cr(VI) , Cr(VI)
Cr(VI) Cr(IIT), ,
*BWAEE: Tel: 0911-2332030; D<: gaoxiaopengyd@163.com © EREREWHRFHTHEARIESD http://journals. im. ac. on

Ui BHA: 2007-12-25; 35 HH#A: 2008-03-11



cr( ) 821
Cr(VI) 300 pg/mL 600 pg/mL  K,CrO4
) ) e, Cr(VI) Ochrobactrum intermedium CrT-1
Cr(VI) 300 pg/mL 600 pg/mL K,CrO,
98%  70% (23]
Pseudomonas ,
1 \ERE Cr(VDRI Y ér(VI) )Cr(HI); [24]
Cr(VD , e
Cr(VI) , (Desulfovibrio sp.), Cr(VD pH
Cr(VD
[25]
, 5
Cr(VI) Cr(VI) 5
, , 100%,
Cr(VI) Cr(VI) pH 6.0~8.0 Nur Kocberber Kihc!**
(1] Cr(VI) , 16S rRNA
1.1 AEE , Ochrobactrium sp.  Salmonella enteric
Cr( ) Pseudo- monas aeruginosa
70 , Romanen- 1.2 BEEZE
ko!'!l (Bac. dechromaticans) Cr(VD) ,
Yi-Tin Wang!'*'%
R ATCC(American Culture Collection) 271
Escherichaia coli ATCC 33546 pH Cr(VI) , (Penicillium sp.) BS21
7 36 BS23 (Aspergillums niger) BR24
50%, (Aspergillums flavus) BX21, K,Cr,04
Zn*" Cu** Cr(VI) 300 mg/L~500 mg/L ,
Hisao BS21 900 mg/L, BS21 4
Ohtake!'>"!"] K,Cr,0, 200 mg/L 4d~6d
(Enterbacter cloacae), Cr(VI)
lg 25 mmol~ (28]
50 mmol Cr(VI) Tang YJ ['% Cr(VI) , 2d~3d
Shewanella oneidensis MR-1 20 min Cr(VI) 1151.2 mg/L 10.9 mg/L
100 mmol/L  Cr(VI) Cr(III), Cr(VI)
CR Myers [
(Shewanella putrefaciens) MR-1
Urvashi Thacker 1% (Ochrobactrum 2 ﬁéﬁ%ﬁ)}i‘ Cr(VD LI
sp.) Cr(VI) Cr(Ill) Arundhati Pal 2! Cr(VI) ,
(Bacillus sphaericus) AND 303 Cr(I1I)
Cr(VI) , Cr(I1I)
Muhammad Faisal % , Cr(IIT)
9.6>10’ /mL , Cr(VI) Cr(11I) ,
96 h, (Bacillus cereus) S-6 Cr(VI) (1]

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



822 ot AR 2008, Vol.35, No.5
Cr(v1) L3 pERE
Cr(VI) ,
Cr(VI) ,
1) Cr(VI
. Cr(VI) Cr(In” (1) Cr(VD :
Cr(VD) , @)
5 NADH
; ; Cr(VD) 3) Cr(VI)
Cr(11n™; Cr(VI)
, Cr(VI)
Cr(III) 4) Cr(VI)
, Cr(VD) , Cr(VI)
Cr(III) 7 L philip  B% Cr(VI)
Bacillus coagulans Cr(VI) 4 ﬁﬁﬁrﬁ‘[
Cr(VD
(APS ) Cr(VI)
, , Cr(VI)
Cr(VI) B ’
Cr(VI) 24 h ;
, Cr(VI) ( )
, Cr(VI)
Cr(VI) , , Cr(VI)
Bacillus sphaericus AND ,

303 , PH ,

Ni(II) Cu(Il)  Cd(II) , , ,

100 pmol/L Co(II) CRIZ (1)

Cr(VD
[32]
Cr(VI),
Cr(VI) (32734]
Viera ¥ (2)

Cr(VI) , )
(Acidithiobacillus thiooxidans) Cr(I10), , (3)
Cr(Ill)  Desulfovibrio sp. , , , 4)

Cr(VI) Cr(VI)
, , Cr(VI)
R Cr(VI) 5 mg/L , Cr(VI)

Camargo % ES29, ,

NADH , ,

Cr(VI) , Cr(VI)

http://journals.im.ac.cn/wswxtbcn

© FERFERMEMARAATIKSHIEST http://journals. im. ac. en



Cr( )

823

(2]

(3]

(4]

(5]

(]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

, %, ZL5-2
2005, 25(5): 708-711.
) ) , (VD
, 2005, 25(1): 1-4.
s s s X07 Cr(VI)
, 2005, 31(11): 9-12.
, 2003, 13(4): 48-51.
, 1997, 15(3): 13-15.
, 2001, 27(3):
145-147.
, 2005,
pp. 279-281.
Geoffrey JP, Arthur GP, David MK, et al. Formation of

soluble organo-chromium(IIl) complexes after chromate
reduction in the presence of cellular organics. Environ Sci
Technol, 2005, 39(12): 2811-2817.
2003, 95(2): 6-9.

(VI) , 29(4):
103-105.
Romanenko V. Patent Specification (II) 1475369. London:
The patent office, 1997.
Shen H, Wang YT. Modeling hexavalent chromium reduc-
tion in Escherichia coli 33456. Biotechnology and Bioen-
gineering, 1994, 43(4): 293-300.
Shen H, Yi T. Biological reduction of chromium by E. coli.
Environmental Engineering, 1994, 120(3): 560-571.
Shen H, Wang YT. Hexavalent chromium removal in two
stage bioreacter system. Environmental Engineering, 1995,
121(11): 798-804.
Hisao O, Eiji F, Kiyoshi T. Bacterial reduction of hexava-
lent chromium: kinetic aspects of chromate reduction by
Enterobacter cloacae HO1. Biotechnology and Bioengi-
neering, 1990, 29(4): 227-235.
Fiji F, Kiyoshi T, Hisao O. Bacterial reduction of Toxic
hexavalent chromium using a fed batch culture of En-
terobacter cloacae strain HO1. Fermentation and Bioen-
gineering, 1990, 60 (5): 365-367.

KKomori. Biological removal of toxic chromium using an

(18]

[19]

(20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Enterobacter cloacael strain that reduces chromate under
anaerobic conditions. Biotechnology and Bioengineering,
1990, 60(5): 951-954.

Tang YJ, Laidlaw D, Gani K, et al. Evaluation of the ef-
fects of various culture conditions on Cr(VI) reduction
MR-1 in a

mini-bioreactor.

by Shewanella oneidensis novel
high-throughput
2006, 95(1): 176-184.

Myers CR, Carstens BP, Antholine WE, et al. Myers

Chromium(VI) reductase activity is associated with the

Biotechnol Bioeng,

cytoplasmic membrane of anaerobically grown She-
wanella putrefaciens MR-1. Journal of Applied Microbi-
ology, 2000, 88(1): 98—-106.

Urvashi T, Datta M. Reduction of toxic chromium and
partial localization of chromium reductase activity in
bacterial isolate DM1. World Journal of Microbiology &
Biotechnology, 2005, 21(6-7): 891-899.

Pal A, Dutta S, Paul AK. Reduction of Hexavalent Chro-
mium by Cell-Free Extract of Bacillus sphaericus AND
303 Isolated from Serpentine Soil. Cureent Microbiology,
2005, 51(5): 327-330.

Faisal M, Hameed A, Hasnain S. Chromium-resistant
bacteria and cyanobacteria: impact on Cr(VI) reduction
potential and plant growth. J Ind Microbiol Biotechnol,
2005, 32(11-12): 615-621.

, 1991,
21(3): 104-109.

, 1999, 13(4): 421-424.

, 2003, 17(2): 7-9.
Kilic NK, Nielsen JL, Yuce M, et al. Characterization of a
simple bacterial consortium for effective treatment of
wastewaters with reactive dyes and Cr(VI). Chemosphere,
2007, 67(4): 826-831.
Cr(VD)

, 1998, 38(2): 108-113.
(VD

bl > s

, 2002, 28(6): 32-37.
Pattanapipitpaisal P, Brown N, Macaskie L. Chromate re-
duction and 16S rRNA identification of bacteria isolated
from a Cr(VI)-contaminated site. App Microbiol Biotech-
nol, 2001, 57(1-2): 257-261.
Philip L, Iyengar L, Venkobachar C. Cr(VI) reduction by

Bacillus coagulans isolated from contaminated soil. J En-

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tang%20YJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Laidlaw%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gani%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1

824

#od g A

2008, Vol.35, No.5

[31]

[32]

[33]

vir Engrg, 1998, 124(12): 1165-1170.
(SRB) : ;

1995, 17(4): 15-17.

Lan Y, Deng B, Kim C, ef al. Catalysis of elemental sulfur
nanoparticles on chromium (VI) reduction by sulfide un-
der anaerobic conditions. Environmental Science & Tech-
nology, 2005, 39(7): 2087-2094.

Puzon GJ, Roberts AG, Kramer DM, et al. Formation of
soluble organo chromium(IIl) complexes after chromate

reduction in the presence of cellular organics. Environ-

[34]

[35]

[36]

mental Science & Technology, 2005, 39(8): 2811-2817.
Arias YM, Tebo BM. Cr(VI) Reduction by sulfidogenic
and nonsulfidogenic microbial consortia. App! Environ
Microbiol, 2003, 69(3): 1847-1853.

Vieram, Curutchet G, Donatie. A combined bacterial
process for the reduction and immobilization of chromium.
International Biodeterioration & Biodegradation, 2003,
52(1): 31-34.

Camargo F, Okekeb C, Bento. In FM vitro reduction of
hexavalent chromium by a cell- free extract of Bacillus sp.
ES 29 stimulated by Cu. Applied Microbiology & Bio-
technology, 2003, 62(4): 569-573.

(99109199499 4910090 199192 (90 (90 190 199499 4D 400 90 (99190 (D0 490 190 (99 (90 (D490 190 190190 190 490 190 (90 190 (D0 (D0 190 190 LS04 D0 D0 (e (D0 D0 (D D D0

U 55 R

\ A
=]

b\

(PhEp5BIR) LRiGIBS

1/ B 388 3R St 31F -

, 2007 7 5

2008 ,

YREEERFEIE: 010-64807511; E-mail: tongbao@im.ac.cn

Mtk : http://journals.im.ac.cn/wswxtben

http://journals.im.ac.cn/wswxtbcn

(100101)

© FERFERMEMARAATIKSHIEST http://journals. im. ac. en



	微生物还原Cr(VI)的研究进展 
	高小朋1,3*  张欠欠2  许  平3  冯进辉3 
	Advances in Microbial Reduction of Cr(VI) 
	GAO Xiao-Peng1,3*  ZHANG Qian-Qian2  XU Ping3  FENG Jin-Hui3 

	1  可还原Cr(VI)的微生物 
	1.1  细菌类 
	1.2  真菌类 

	2  微生物还原Cr(VI)的机理 
	3  存在问题 
	4  发展方向 
	参 考 文 献 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


