;T’E 20 :6: ;T’! 4 HJ] :fl_; rel i % 'n;: gj& & Vol. 20, No. 4
2001 45 12 H YACHA WETHHLOWICAR ETE MINERALOGICA 5 2056 . 2001

LE R 1000- 6524 (2001) 04— 0382- 05

ME- FPHEEERZINMEEXBIHR
e, skMIAE

(PEERERE N BRI TSR, 14 M 510640)

W OB Y- R A TR R MR ) AR T L R T O I A R
PLBE, Rk B A O SE W L SRR - R LA T BB AS S RAT R S e I
T J5N 1#( DM RB) wl ik 55 Fe™ AL 4 (6 AR B A JTAE A6 S0k B8 A0 55 05 7 20 10 £k & 4 o 2
FRAEL R TURAE, mUHEAL L 5 B A 2R Al HE 0 T BR AL O B DY SR B O v ek A IR B AR
AU SR A T 0 U N S5 S 25 Pk 7 ey ] A a8 A i 8 2 A
AT 2 BRICREE o 53 Ak, S MR m] A S A T 1 B B AT v FEE g % 1R R 1L B K ( AMD)
B WZ IRANWTIERE Y- W R A A DG BB 1 S A7 T S

FERIR: WUOEY 6T BN

FESZES: 0939.99; P57 XAKFRIRFD: A

T E ) microbe) BT AT TN HAR 0.5 S ECROK) 1 EVBR, € RIS IS0 AR A ob ) 4 8 X0 AN i Al
A SO > YO B A RSN L BB R AT 38 LRI S, A BUE MR Il 2
W, B ek B i A W —, A — TR A R b g B O 2.5 A2 AR T Fﬁlﬂlﬁﬁ%ﬁéﬁiﬁ
ST R R A R O PR A 5 P R PR R 04 RO W B R AN i 2R A AR b,
IR EGE 1 600 m (3 [ fit A BB A: P (0 £ 4610 L B 55 07 0 0% T L R D o 990 B4R 5 1) 4
AR, A HURE ) i 9 O L0 1A e 2 A R B 3 R TS A B T RS TR AT R L AR E SR W, ﬁl"%ﬁI%
ARG R IR B Bl Bl 00 o T SR, R AR AR R A W B I S —
bk, TR A AT SO B A D CTE AT TSR L BRSO A AR D sk B
R Rt AR TN, & iy S Bl 2R, )t A 0 0 R 1 5 R T D T 1 D R B A A
TS AR, G T AL A 8 b T AR AT e DU B R, S e A

TR, SRR AT HLTOR 3K 79 i s 20O ML B T o — AT ML E B SRS, JF U IR
BEMY) pH Eh R B UHE JEIRHE, Isdin™ 1) (o5 A, W0 3540 406 15 10 0t o6 384 9 25012 19T AR R T
2 B 20 M W i S R, 0 T A I P AR OSSRk B 2w ) H 2T L B T i A L AR T
TP AR ANGCGE , 8 2 TR AT LG 58 10 3 R 22 AR 0k 1 e B4 7 2E 7 R 1) S W

1 & J@- &R 401 (DM RB) 5 Fe™* AP AH HAE F 4 PR B 15 &2

DM RB 2 FLAT SR SRl A 49 oh dg IS8 (6 — N800 . FHT, 28 TR A b 23 85 HH 2 Fh DMRB, H)f
FU 2 MBS (14T Shew anella putrf aciens Shew anella alga « Altermonas putref aciens Geobacterceae JT 4
AT B A A 5 ol D A0 TR GS = 1SN0 2N g KRR R il DR AU PR b R T K R B TR e

kS HEE: 2001- 05- 08; f&iT HE§: 2001- 09- 29

EERB: )R HERE AL U ITH (000898)

fEE B Wbt 1934- ), 5, DU, WL, WESTRL, HREOUOREE AR B L, AR AR A RN A R
TR P2



55 4 14 WIS Bl YA B AR T R R SIS 383

LELET Fe™ SR A/ 88 Mn™ K Mn™ _S0008) 58 Fe™ U P01 h vs 152 14, 1 LASUAk A WL T 3R
fETt . DMRB 5 Fe® i 9 i X Alof] B ) O 8% 0 20 WF 90 BT iie <2, B 78 3805 250 m A9 R, IR(EAE Fe™ _
7408 DMRB &SN . DM RB 55874 2 ) AR EL A% Pk 2058 7 365 S 32 AR B0 LA R WA J7 i -
1.1 DMRBRIREEMBFSHNDMBIEESNL

FEA T LI K A4 TR oy, 48 Bt A A &5 40 A o 2 MW A o el TR (e ARG 0o, A
LI BRI R R R B . Lovely ROBIFST 22 W), X BEER B 7 WM Fe™ S W A B AR ) Tl
A1 R DR AU IR B (Y 2 A, R R ) Bermdiji( Minnesota) i 52 A7 TG 4 0B 3R AT S0 06 5 B A s
B, AE W] DMRB 4118 GS- 15 TR AT Fe™ Sl fi A — 283 s 7 52 04, A 2 S A0 25 R 3 P 2 5%
B FHAAY. I EAL PR CO», VSN NTACKEUIE= L, —Fb Fe SULH 0 24 1) ml KK i i
P B RRATHU 0280, TR 2 NTA 8900 T Fe™ _S40M0 1 6 e e, 3k 0 38 0 7€ (9 26 4 A gl 819,
Anderson XIDMRBY5 Fe'™ _ U040 H1 L F 0] B 7 2442 HY 7 S 35 0 FOAIE 3, 35 YCIE W) JF A LT 45 DM RB
BB T AL G W, (B 8 T Geobacterceae 8 W AN G W A7 20 It 47 B A 245 . A7 G Tl A ) DR AR A
55 AL S I Sz 2 R

CeHsCOO™ + 30Fe* + 19H,0 —30Fe?* + THCO3 + 36H* (1)
C:Hg+ 36Fe™ + 21H,0 —36FeX + THCO3 + 43H* (2)
CeHe+ 30Fe™ + 12H,0 =30Fe™ + 6C0,+ 30H* (3)

1.2 DMRB K@M = 4E A Fe** 3385 A N F AL 5 42
DM RB FIH] Fe** U044 Sy DR SEUNT I P 28 b o 1 52 P 1 445 SR i 7 78 AT SE ISR 1 0 Fe® B Tk

FRgg e e AT A A (R A A T g AT R B A L . 0 e BT R A T (A ( P) NACs( i 2k 5 77 ik
) 5 CT(PUSACTE) #0523 A7 3 (0 R B 5 B, © 1T 4 DM RB DSV 2R () Fe B, #kik
JLANE Ceobacter metallireducens I35 ¥ AT A BAEH, nT45( P) NACs 38 Jot ol A 0 ] e 1 1) 5 7 58 e
&, LI R R i R

CH3C00™ + 8Fe™ + H,0 =8Fe™ + HCO3 + CO,+ 8H* (4)

ArNO,+ 6Fe* + 6H* —ArNH,+ 6Fe’ + 2H,0 (5)
T, ArNOy 7R ( 58) WL DS A AL B4, AxNH, 25 05 B I AL G . 358, PR s i Fe™
Fedkh Fer* (RRRR IR B 74 1k) | BHERA IR A B[R ) Fe®* W) 56 4044 J8 T (P) NACs 261 TNT( 2,4, 6
— RIS B U 5 T AL S . Ammonette BIFFE R, VPG Pt R ILZ S MRt CT G
B AR R ARAE DOALAE R, 4B Shew anella alga (BrY) nl ¥ 420 b 1 Fe** 5k Fe™* | Fe® S5 2ku
WEA A AT T4 CT 38 JSURE 4 e CF( S00) , Fe A  Tik 83% ~ 89% . 43796 CT 3 J5L B st 1 4 Jse 1o gt 21

CCli+ 2 Fe¥* + H* =CHClL+ CI” + Fe* (6)

LAk H AL — P R B RS S L, e RE AL L, TR S B A WL LTS B (LA CT)

R 28 o A ST 10 T, 0 B 48 B2 08 & KO BRAIR, 32 1h T % 4 Bk (0 )8 b = ) (Fe®* Bt Fe®* -
Fe™ (500 W o 0 S AR 25 ) BILRG T 2 A0 k4 100 B ST 15 5 e 1) B3 42 ko AR, 4 A0 0k 48 10T 11 68 e
Yol i HAE DM RB DU (R W~ 5244 . Gerlach TF W], Shew anella alga ( BrY) KB4 76 O G fE
I CT S ki L, R S 1T bl A L T S AR, RN T CT i s CF R, (A4
DMRB- W W8I H AR T Fe?* MM 55 46, DM RB— 74 (80 AR B4 JT B 25 7 %40 B 2 T 415 1k 11
Fe®* A28k AE EURCR I I . b n] WL, Y- B 0 TR ST BR T RS B AR AT AT HL A, ik
IS AL R RE R L B REAE AL RE S .

2 WUEYI AR IE S N A R e T I

Np( V) Bk PR AT .2 —, nTRIIH B o B2k . B AR K0T 5 NpOs [ IE X



384 e CHRE TR/ B O o520 4

LEAE, DA AT SR T B e D IF e BT AL ] . NpO3 S h o ko ez —, - i 4 B
{2 B A AR T VAR A L MG P 2 BRUY L Lloyd FORIF 5T 3 W], Sl SR P AR 08 J5 0 O AR RE B
Np( V). 8RR H S, Putrf aciens( —Fl Gz 6 34 5140 1#) W45 Np( V) Bl Np( IV, % FP 4015 Citrobacter sp.
nJ RO, e IR IBE S A T s Nop( V) LU R #8191 X 4k, B 29 ilh 95% 1) Np( V) . U 2% R
ofr ) Rl W T e A AR BRSSO R M 6 Fl+ 4L U( VD
FRs R AT, U IV) W b AN T 0 . 8 0k 5140 1% Shew anella putref aciens ( CN32) .GS—- 15 .Al-
teromonas putref aciens 5 0] {1 U ( VI 8045 by DA (1) v 1= 52 04, A7 20bad J5L U (VD L 99 T8 iean ke i)
FHE (U 0,) YLBE N 2430 U (3R A e Bt iy o) 45 20 A L3 Bk B ob 2B U 5 5 .

534k, Garbisu WF9E 2 W, 404 Pseudononas fluorescens J& Bacillus subtilis 354 i O A7 8§ P (11 {2 45 8
SRS AT P AN 5 1) B0, B ADREIR DOTE 7 4 40 i b 2 P B R An B S b . A Bacillus selenitire-
ducens fit T IR 55 o010 12 351 by 0 SUNTUL IR 1y ol 1~ 52 4, AT K P9 140 As( V) (A7 T 2 1) B A8 AN
() AsxS3 PLoE TR,

K2 T A O R ST 30 a1 D0 R B 00 05 S R AT R .

3 A R I BT S A E R

0 B AR, BT AT AR b AT e DO (R S TR AR Ll e, () IRE R A T AT 25 Bl o5 A A 4 el A 1Y
Tl fit e P T B A | B Rk Ak 8 0 A 2 (] DRl o o] R B 25 R 2 0 1 4 g BH V8 1, A i
A, [ i T 1A% 0 AN O A 0 R 5 45 R R (R A T Ao B b AT i e e S 1 ROk L )
Wl Ferris 3520 RATG B0 N5 K Lower Moose W IUCEV IRWEFT W], 416 i vl ok V2 ARG 9
B R A Y, AR B Cu Zin (BB BT (FeSo ) B9 4T A BT B ( NIS) S5 Ak i P R Ak AR
T2 35 2R R ey AL — RERZERS (B4 a2 P A0) ) U rrutia 03 AT 40 4 Bacillus subtilis 2100 W W
S48 MMETE PRSI R (4 C) M BRI 8 i & 7 Ph .Cd Zn Cr Ni B Cu AT RS8R 1355 5
P, ORI EHEMI( Fe, Al — GERRER S S, U2 278, RIEEAN /D, JSL Rk R 4L, 56 80 1 40 1 3
1 Bl T G hd — RERR SR IDTEE™ . Fortin L ACT P UKL (O AIRIEL(2~ 50 °C) K Phel iy 4 14 2 1
PO A5 A 22, 50 Si M Bk U Uk B Bk RERR AR 2 06 T AN S L

T 0 THCSR AP G 5 IR AT AR S IR W B 5 B 13 0, W1 Peltigera memnranacea (8 T HoA<28) 0) U WL
nfik 4.29 1% | ACHIT AT U IBCES B LT RELE 0T T 2420 B8, 17 56 T Ay 28 1 0 e o fike 2 A1
L A Oy A BB B U, Bl S A 200 M S 1 A0 B A0 2R b SR A R T G U W, WA Citrobacter
sp. AL AT LB LE 1 B HEECA (0 U AR, DR AR A0 A T b O B R M K U I (HU 0,P0y) .« 4
1% Pseudomonas aeruginosa( A22) nJ M AKHIT I B3 2 S0 R G #00 La™ Eu™ YD, I R EF A P
U 18] 52 7 A0 T8 3 T B Lo 38 R B AR BUR b, K KA T I e B k() g )

K2, B el T SE AR e A ol il A Tt B AT e (A A e (R O e A 2 R
JUFR) AT AR AT B fie g, ek i A% Ak 73U AR AR, SR B S 5 40 I B e A A SRR S B S

AIEAR, ol T R FEA A 25 A B 5 3 s SR 1) s 34, TR IR 24 0 B AV 22 A ek L A S0 9 g B B A0
IR AE ), AR WAL .

4 BRPRERIE I AN O LR PE R K (AM D) fA 36 B

AMD 2 1 F30 R P 5 ok Ik 11— ) R, G 2 SRR AR R MR e (pHL {20 2~ 4) B F AT ik BE AT
H@ I F(Fe Cu Pb Zn Cd %) . AMD & FREE LA 58 0 3068 1 FH 300 e 2 08 A 50 4 s 13 1 B e 38
Hagep, - HEA N RRE B IR TANE Thiobacillus ferrooxidans {6 AMD [ 5 g B4 b ke 7 22 (1) £ 1, e il ik



55 4 14 OGS BE - AN AT 2 R R SRS 385

REAL AL BRI A1 (1 FeSy) Sk SRR BT i (0 e ik, &5 SR BAL 00T P 4 S 1 el 2 &8 PR R, 6 e 1
— i M
FeSo+ 15/40,+ 7/2H,0 < Fe( OH) 3+ 2H,S0, (7)
19 AMD (1978 B HLEE LUK O B8 A9 16 53 AT A i STk it ™, 78 BE AN P68 . BRI SRB( I R £k
3 A ) A DA Wk B R Y SO A4 Sk i B2 R, o A 5 IR AR HoS, nlE R B AM D i) 4 )
BT piE R, DR, KA R TR A v S 0 B 1R R A JUER B T R AMD 14 8K 1 1 Ak Al KK BR IR
AMD &5 .

5 45 i

AR - WA AR RS TR 5 R A BORKERL S o AN 28 3OS SR, B
OB IR E . SRR IR A ], Fe Mn 0 € S N 353 £ 0 # (R0 27 0 56 S S8 41
LR EAE DI OCR . R B YI- 0 WA ELAE R P00 1 £ 507 A JEAE S A T I BF 9 4k Tk 20
B B, AT NI R e s ) o MR B A 2B - 0 R A T A S 2 1, 481 SRR A 5 e R A
AT 2 R R 11 D v 7 S2 R Bt 4, SRE TR 18 25 B AT LA B G LA 2 Tl 1% 52 23% Al 2B 40 4 2 e o ) Tk
- WP A T T AR S A AE R, A S WE S - AT RO AR AR . Rz
TR A Bk E R, HRRARAE LSRR, AT AT 90% D95 E S R R, KI5
= A ELAE ) 2 3R RE R SR B R R A BIE SR AT T

S 3k

[1] Vreeland R H, Rosenzweig W R, Powers D W. Isolation of a 250_million_year_old halotolerant bacterium from a primary
salt erystall J|. Nature, 2000, 407(19): 897~ 900.
[ 2] Barns S M., Nierzwicki_Baver. Microbial diversity in ocean, surface and subsurface] J]. Review in Mineralogy 35: 35~ 71.
[ 3] Fliermans 0 B, Mekinsey P C, Franck M M. Microbial activities in southeastern coastal plains to depths of 3800 feet. Sec
on International Conference on Ground Water Ecology[ M]. American Water Resources Association, Bethesda, MD, 1994,
| 4] Ehrlich H L. How microbe influence mineral growth and dissolution| J]. Chemical Geology, 1996, 132: 1~ 3.
[ 5] Ferris ¥ G, Fyfe W S, Beveridge T J. Bacteria as nucleation sites for authigenic minerals in a metal_contaminated lake sedi
ment[ J]. Chemical Geology, 1987, 63: 225~ 232.
[6] Fortin D, Ferris F G, Scott S D. Formation of Fe_silicates and Fe_oxides on bacterial surfaces in samples collected near hy-
drothermal vents on the Southern Explorer Ridge in the Northeast Pacific Ocean| J|. American Mineralogist, 1998, 83( 11
~ 12): 1399~ 1418.
[ 7] Schultz_Lam S, Fortin D, Davis BS, et al. Mineralization of bacterial surfaces| J]. Chemical Geology, 1996, 132: 171~
182.
[ 8] Urrutia M M, Beveridge T J. Formation of fine_grained metal and silicate precipitates on a bacteria surface( Bacillus subtilis)
[J]. Chemical Geology, 1994, 116: 261~ 280.
[9] Nordstrom D K, Southam G. Geomicrobiology of sulfide mineral oxidation| J]. Review in Mineralogy 35: 361~ 382.
[ 10] Lovely D R, Stolz ] F, Nord G L. et al. Anaerobic production of magnetite by a dissimilatory iron_reducing microorgan-
ism[ J]. Nature, 1987, 330(19): 252~ 254.
[11] Myers C R, Nealson K H. Bacterial manganese reduction and growth with manganese oxide as the sole electron acceptor
[J]. Science, 1988, 240(3): 1319~ 1321.
[ 12] Rougers J R, Bennett P C, Choi W J. Feldspars as a source of nutrients for microorganism[ J]. American M ineralogist,
83: 1532~ 1 540.
[13] Liermann L J, Kalinowski B E, Brantley S L, et al. Role of bacterial siderophores in dissolution of hornblende[ J].
Geochim. Cosmochim. Acta, 2000, 64(4): 587~ 602.
| 14] Kalinowski B E. Liermann L J, Brantley S L, et al. X_ray photoelectron evidence for bacteria— enhanced dissolution of

hornblende[ J|. Geochim. Cosmochim. Acta, 2000, 64(4): 1331~ 1343



386 oA oW Rk & 20 4%

[ 15] Macaskie L E, Empson R M, Cheetham A K, et al. Uranium bivaccumulation by a Citrobacter sp. as a result of enzymi
cally mediated growth of polyerystalline HUO2POy[ J]. Science, 1992, 257(7): 782~ T784.

[16] Anderson R T, Rooney_Varga I N, Gaw C V., et al. Anaerobic benzene oxidation in the Fe( Il reduction zone of
petroleum_contaminated aquifers[ J]. Environ Sei Technol, 1998, 32: 1222~ 1229,

[17] Lovely D R, Chapelle F H, Phillips E J P. Fe( Il _reducing bacteria in deeply buried sediments of the Atlantic coastal
plain[ J]. Geology, 1990, 18: 954~ 957.

[ 18] Lovely D R, Baedecker M ], Lonergan D J. Oxidation of arematic contaminants coupled to microbial iron reduction[ J].
Nature, 1989, 399(25): 297~ 300.

[ 19] Lovely D R, Wiidward J] C, Chapelle F H. Stimulated anoxic biodegradation of aromatic hydrocarbones using Fe( III) lig-
ands[ J]. Nature, 1994, 370( 14): 128~ 131.

[ 20] Hofstetter T B, Heijman C G, Haderlein S B, et al. Complete reduction of TNT and other ( poly) nitroaromatic com-
pounds under iron_reducing subsurface conditions[ J]. Environ. Sci. Technol: 1999, 23: 1479~ | 487.

[21] Amonette ] E, Workman K J, Kennedy D W, et al . Dechlorination of carbon tetrachloride by Fe( II) associated with
goethite. Envion. Sci. Technol., 2000, 34: 4 606~ 4613,

[22] Gerlach R, Cunningham A B, Caccavo ] F. Dissimilatory iron_reducing bacteria can influence the reduction of carbon te-
trachloride by iron metal J]. Envion. Sei. Technol. . 2000, 34: 2461~ 2 464.

[ 23] Lloyd J R, Yong P, Macaskie L. E. Biological reduction and removal of Np( V) by two microorganisms=[ J]. Environ Sei
Technol, 2000, 34: 1297~ 1 301.

[ 24] Fredrickson J K, Zachara ] M, Kennedy D W, et al. Reduction of U( V) in goethite{ a_FeOOH) suspensions by a dis
similatory metal_reducing bacterium|[ J]. Geochim. Cosmochim. Aecta, 2000, 64( 18): 3085~ 3 098.

[ 25] Lovely D R, Phillips E ] P, Gorby Y A. et al. Microbial reduction of uranium[ J]. Nature, 1991, 350(4): 413~ 416.

[ 26] Garbisu C, Ishii T, Leighton T et al. Bacterial reduction of selenite toelemental selenium| J]. Chemical Geology, 1996,
132: 199~ 204.

[ 27] Oremland R S, Dowdle P R, Hoeft S, et al. Bacterial dissimilatory reduction of arsenate and sulfate in meromictic Mono
Lake, Californial J1. Geochim. Cosmochim. Acta, 2000, 64(18): 3073~ 3 084,

| 28

Haas | R . Elizabeth H B, Purvis O W. Bioaceumulation of metals by lichens: Uptake of aqueous uranium by Peltigera
membranacea as a function of time and pH[ J]. American Mineralogist, 1998, 83( 11~ 12): 1494~ 1 502.
[29] Texier, A C, Andres Y, Cloirec P L. Selective biosorption of lanthanide( La, Eu, Yb) ions by Pseudomonas aeruginosa

[J]. Environ. Seci. Technol., 1999, 33: 489~ 495,

Environmental Significance of the Interaction between
Minerals and Microbes

XIE Xian_de and ZHANG Gang sheng

( Guangzhou Institute of Geochemistry, CAS, Guangzhou 510640, China)

Abstract: The interactions between minerals and microbes, which occur widely in nature and directly result in
dissolution and formation of minerals, have profound impact on the environment. The interactions between min-
erals and microbes are helpful to remediation of the environment. The metal reducing bacteria, for example, can
degrade aromatic compounds like benzoate, benzene, toluene etc. through the oxidation process. or degrade
( poly) nitroaromatic compounds and carbon tetrachloride through the reduction process by using Fe** _oxide as the
terminal electron acceptor. Microbes can cause some harmful elements such as U and Np to precipitate as insolu-
ble mineral species through bacterial surface absorption or redox process. In addition, some microbes can actively
oxidize sulphide minerals, resulting in the formation of acid mine drainage which is very hazardous to the environ-
ment.

Key words: microbe; mineral; environment



