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I reviewed an ecological and environmental significance of microbial carbon respiration coupled to dis-
similatory reduction of Fe(Ill) to Fe(II) which is one of the major processes controlling mineralization of
organic matter and behavior of metals and nutrients in various anaerobic environments. Relative significance
of Fe(lll) reduction in the mineralization of organic matter in diverse marine environments appeared to be
extremely variable, ranging from negligible up to 100%. Generally, Fe(1Il) reduction dominated anaerobic car-
bon mineralization when concentrations of reactive Fe(IIl) were higher, indicating that availability of reactive
Fe(1lI) was a major factor determining the relative significance of Fe(lIl) reduction in anaerobic carbon min-
eralization. In anaerobic coastal sediments where O, supply is limited, tidal flushing, bioturbation and veg-
etation were most likely responsible for regulating the availability of Fe(IIl) for Fe(IIl) reducing bacteria
(FeRB). Capabilities of FeRB in mineralization of organic matter and conversion of metals implied that FeRB
may function as a useful eco-technological tool for the bioremediation of anoxic coastal environments con-
taminated by toxic organic and metal pollutants.
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N B el ERllshe f7igdrt 71842 383 mineralization)s) =
HAPoz AHoE 4 tiEquation 1)(Jahnke and Craven, 1995).
= 51 535 (microbi ot VO AN ELENA s
P18l £}k 25 (microbial respiration) Y3} Aol CH;O (Organic pool) + O, (Electron acceptor)

= = 5l = = S A :
= A8 BERRE quUAE Aﬁ’&ﬁ]:‘_ hA g (metab-ohc = CO; (Inorganic pool) + H,O + ATP (Energy) 0
process)C &2 HojE= whH el 38 o= $
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Fig. 1. Organic carbon oxidation process. Various anaerobic microorganisims
using different electron acceptors (i.e., NO;~, MnO,, FeOOH and
sulfate) are responsible for the complete oxidation of organic matter
to CO; in O, depleted anoxic environments, and thus forms anaerobic
food chain (modified from Capone and Kiene, 1988).

LEEAE BB A% fUE 3F2 A7H H5e] Bar
3o BE AEC 93] ]2 WEEHE CO, B A4 90%
ol g AA 3= FaFH B AE Qe R FHET (King
et al, 2000). WA §71&5 £3l9) HFst 2 EARE ofdt
YL 535 ) o] 415 FEVF & AUEHAESY A
oralgFe] ey 2 Xzt BAeEE o] 9% F
2.3 A}gtolth(Fenchel ef al, 1998).

v Fe$ precipitation : Fe?* + H,S = FeS + 2H* (- FeS,)

3

AR FUE F1EE@NE, S3ltE, AW ) dAHA
o2 nYEEo] Eu|she X A48 28 riisisEe] A
717} 2 opn|iAt, TR B At 502 BajEiL, Zolo
cheket v B ol8f o]&Fo] U= AEA Wl AR 77
E(biomass)E HFFAY, AUALOR o] &(FF)H] HFH
02 COE 83 =W (Capone and Kiene, 1988; Fig. 1), ¥
B 4718 ¥y HYAE &0 ARHe 422 AXNA "o
(Canfield, 1994; Hedges and Keil, 1994). #71% ko] 31 5
HE YAI7I7L A2 AAHAES] A9 Aty oz HHF
2 227t #8EE(diffusion) SEETE EEo|A 9] ndE 9
o Ata2nr o WEA doUEE, ¥F F mm ~ F cm oW
oA atAe Tt F238] A mebA, ol g FAdM o
W78 9 f7]edd Eale] giREL dU) BAA oF

A

olXth @A AN E daE o2 vhF (fermentation)oll 2J3H
GFEEo] #714Kdl; acetate, lactate T) B FAa7FAE HEE

o, o]% frAEe ik, st ksl g 52 AR
=& (electron acceptor)Z AME-8hs Uhe v EEEAE, B
7hgd 2 A3 A, 3 Ml 5)oll g8l AZFHLE CO,
2 A@EH(Thamdrup and Canfield, 2000; Fig. 2). W&t 549
g3t Ak AZold MEEA MY f71ES] BillEE
o= theFst ul Ao o3k ¥ 714 Ho|Ak& (anaerobic food chain)
o] P B rh(Gottschalk, 1986). o1 IutA 02 Q1A= thefd
A B9 A7) W2 E2(grazing)ell & G YA (prey-predator)
7¥e] HolAl&o] ohx, f71E0] HFHOE COE E3fE ol
A 7150 AR o2 gst d714 vAEE 3 fU1EE
o] A ) ARZE ongi).

Atz o7 YA e FIE FE(-28 mMyE 7R =
& A2 HAHAEN dolvhe HFHRA 71E E3he SO
& ARFEAZ AMEShe 3 Sl (sulfate-reducing bacteria;
SRB)l 98 FEE= ZA0Z oAR] ghor, o|2 <3| sHuF
7oA 718 BIARE olselr] s AFE HF-E ¢t

v 0, reduction (AG® = - 518 kJimol) : CH,0 + O, = CO, + H,0

v Nitrate reduction (AG® = - 354 kJ/mol) :
5CH,0 + 4NOy + 4H* =5C0, + 2N, + 7H,0

CH,0 + 2MnO, + 4H* = CO, + 2Mn2* + 3H,0

CH,0 +4FeOOH + 8H* = CO, + 4Fe?* + TH,0

g v MnO, reduction (AG® = - 502 kJ/mol) :
i
E
g v FeOOH reduction (AG® = - 392 kJ/mol) :
C | T
= |
[
o | R S
v 80,2 reduction (AG® = - 247 kJ/mol) :
. +80,% + H*= + H,S +2H,0
Anaerobic 2CH,0 4%+ HT = 2C0, + H,S +2H,
respiration

Fig. 2. Pathways of organic carbon oxi-
dation using different electron acceptors
(i.e., NO3, MnO-, FeOOH and sulfate)
and associated variations of elements in
anoxic environments.
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A 3Ae FAo g AP o] giri(see Howarth 1993; Hyun ef
al, 2003). 3, A5} Fe(ll)S MAGTEAZ AME3h= 2 &
o] 7 g} Alstdo] AR o FH WEEA M
S A3 YER = Ao s oA Yth(Capone and Kiene, 1988).
zeut BAubde] waks) g oo sldel #7148 8
Nz §718 FaolM wz 2 A 3de] Fadd g A4
FE3 T A g s 37489 2 F A A A
B2 3 el B3 A7 AaEo] HAHATHLoviey, 1991;
Canfield ef al, 1993a, 1993b; Nealson and Saffarini, 1994; Kristensen
2t al, 2000; Lowe et al, 2000; Thamdrup, 2000, Kostka et al,
2002a, 2002b; Gribsholt er al, 2003). 3 =%l A=: (1) SHYE
Ao A FARE #EE B2 75 A T2
Az, @) A2 o 108708 Y3 v o g SA ol A
FANES ZAZ F IAT Qg FI1E Baleh 2ded)
of el ZFZ, (3) A FAHFE o143 §477] 29 4E
Hsgle] A8 2 AH ol Psf 7hds] At B =EelA
R yzetE Fo EH3e REHA AW 3 SdA S
(dissimilatory Fe(lll)-reducing bacteria; FeRB)ell &3 Aej& &
A B ujek o FHEASI] vk 53 dHE dvdAs
& g2 B35 B}t AAEA o] 2Ath(Nealson and
Saffarini, 1994; Lovley, 2000).

3 gy 2N

HGBA A Heo| WA 3let EXE ZHsl= AFL d o
9] kA A= 2 oFEt}(Nealson and Saffarini, 1994; Fig. 3).
() A7t de 50 228 YRJEl] AF8HE (solid phase iron
oxides; FeOOH, Fe(OH);, Fe,05, 5)°] ¥ AkAx(suboxic) ¥ A%
o7 &A=, (2) oln 5ol AW Q14tAe] AskHAF3H

[0,]

FeOOH

R
metal @) Fe(OH), @
Fe,0, <~ 0,

FePO,

Fe(ll)

77 Sediment

o e 92 \
-1 FePO, FeOOH RGN
Ve ¥ Fe(l)
\ @@ cHO )
\_Pi co, /
. e
e Felll) ]
®

Depth (mm~cm)

. { 2 v
FeS, Fe,(PO,), Fe,0, FeCO,
(Pyrite)  (Vivianite) (Magnetite) (Siderite)

Fig. 3. Schematic presentation of Fe cycles in marine environments
in relation to O, level. Highlighted area indicates organic carbon oxidation
coupled to dissimilatory Fe(11T) reduction.

o} FePO,(ferric phosphate}s HAIsle $Follx] AAHH, £
7hE 24945 Aat B3I E FA (complexation)SHHA G50
A AA" (3) §4, F7180] Bl FHFHE 714 HAHE 9
NE Astde ARRGEAE AMShe ol 3 (dimilatory
Fe(l11) reduction)°] Qoju}r, oju f71E<] COE &3 (d2hH
T H8Ae] Fe(llly $24E19] Fe(IDZ A€t (4) o5t
A M3 Zgo Az Fol FaHo] A AME R AF F
&4 gEZAEE SHs, (5) 3 A [Fe(ID]S 3714
A e YA sl FEIAES I (6) B
H, ¥714 HHEAA 2469 Fe(ll)e] 4F= HAE Y=
FREHE Abdo) o8] Wty e] AkskE (poorly crystalline iron
oxides)® A4t (re-oxidation)E) AL} (7) 502 EtE o] 4
o} wrgate] AarstEo] tA HAER AeBHE AL AA
A "ok

Fig. 30 vehd uhe} ko] o)3k4 Fe(lll) T2 A3t &
712 873 2] Aot (oxic-anoxic transition zone)| A He| 7F
m ool gt QAkEF 24 2§18 Ballo] A 9TE
gdsls Aot olel3t 2 Yoz wAlshs EAES A
B, 37, A 5 ost Bopo} U AAE 23 o &
AR BHEAA, A Bho7 Sl8] 2] FeOOH7t §E/3E ¢
Fe(INZ SAHEA Fe(lll)ell Eold F4 o] 2 Aol
B2 =] (Bostrom et al., 1982), 1o mi} o]Eo] Algh YU
o7 Agahe wFo 8 Fatso] v A 7350 YA
& Z7AY, H48 B0 A=d §22 FgYgst &
AZE ofyapA Ak =3 A T A7 {71E Rille &
15 B3 Al AAEE A £&(AG=-392 ki/mol)°] 24t
o 3 (AG°=-247 kI/mol)o)r} A4 24 (methanogenesis)
wrh 7] 7ol (Fig. 2) 54 F3p54E A3 S99 &
Azpgo} 2ATLAE wlEe MBAdAR S dASE F
detede]l BALE 9 AR P S - g Aold
(Hines et al, 1991; Chapelle and Lovley, 1992; Lowe et al.,
2000; Lovley and Phillips, 1987). 2A& 3t Fhglot v
g A o] A XA Q19 H o2 Fe(ll)S H/HE A5, &
2 ggond wgt o) AEE Aoz Yehdrh(Lovley
and Phillips, 1986, 1987; King, 1990). 3+4, & 3¢l A 24
HE £ Fe(lye H3E W AFse < 3 3
3 A SEEE &3 Aoy F&F 8 3AtE
o o&) A= F35h T AYENA 5 HH(Siderite;
FeCO3), &2 4] (Pyrite; FeSy), ‘B84 (Vivianite; [Fes(PO4).]), A}
H A (Magnetite; Fe;0.) 5 2% A FEES AdsH (Aller e
al., 1986; Lovley et al., 1987; Coleman ef al., 1993; Mortimer
et al, 1997; Lovley, 1990), o1&1§ 348 %3] S, P, C 59
AE 7H8A (bioavailability)o] A}, 2H1H SHAME 7
Z3follA FEG ZHES 53] FediDS 85 9] Fe(IDZ
ZZo| 7458, ol o1%9 A fi(elemental iron)= T
AF)e 488 U 4 AUth(Lovley, 1991). =3 B =F9f F
AzA e 245 dFE 2 FYa A {§U1E Rl
= Fe(ll7} T3 QA=A §7]& o] FaRHRR
A g B A4, 23 U199 AEAS 9 oA
A AR dets] 5

N
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H 2ol olst /712 Bl ¥ xE20l
& sHlol 28t 77IE 2
Hkg-2l oA 91gE

A e WgoA, d g 7|EHe
2 213ld gejo] H(o]; FeOOH)S AZEAATLA R o83 F
71E & 58] A& B HE=(equation 2) FeRBoI| £]&]
o= Agleta] A oA gk, FAlAl o] A& B3l F71Eavt
TR HMEEE AR EEE o2 2ot ¥ SEHE(Fig.
2y59] shiolct,

CH,O (Organic pool) + 4FeQOH (Electron acceptor) + 8H*
= 4Fe* + CO, (Inorganic pool) + 2H" + ATP )
H 10 A7F g s FEA oA BoarE FH #lo) oSt §

718 a9 JE F243E Table 19] 8.9Fs199t}. 2 o|ARH

A sletd REx2RE vget 73 o] Fe(lll) B9 T840

st 297t Ao (Aller et al, 1986; Lovely and Phillips,

1987), & =&oAE HAE wIddS 53 sdshl 454

AT A2t Table 19 AE|E npe} o] H71E Ha

oA aAes A #Fde vl&L vl A A 100%]

o|Z7|71A] 1 W7t FHH o toksA Uehte A ¢

Ach. Rt o7 FHFFHAENA 43 o] AiHoz -

AgE 718 B A ZolAHHyun et al, 2003), E4E o

Fe(ID®] =71 & Aol 7718 EaioA 2 Fdo] 24X

3= Bl &o] Fatd B v v AY A4 UERd T

(Rysgaard et al., 1998; Jensen et al., 2003; Kostka et al., 2002a,

2002b; Gribsholt ef al., 2003; Kristensen et al., 2000). &, #38

& o o]& 7HFs3 Fe(IllD2] 557t FeRBol oJgt & ) b

25 AAsE dx18el g9lo)th, Thamdrup(2000yS 2 #H1=

o] f71& welo RS Ak YEHAE

o] F57} 40~50 umol cm™ oY A #7718 £l

of gjF-Fo] A g2 93] Yol Fake Tl FaA

zZragitty B skt

a7t Qe A8elA tgo R o] &of golgt NO;

SAZ ARG @l 9§ fU1E el o

W(Fig. 2) F718 fel B2 sdHy B it

v At 3ZAEEA mEA AR E 2dibste] gk #7]

E B3l v eksAl UERSTH(Nielsen et al, 1995; Blackburn er

al, 1988; Christensen et al, 2000). WbA] E714 B3l 2

AL AE = e AVE B EE AR B Mn0)S

AAGEAZ el TR 2F Mn(IV) B0l (Loviey

and Phillips, 1988). AAZ diul= L =9 o] ASkellA] Fe(lll)

9] FE7F 40 umol cm” o= E HA XX Fe(lllel] <3

718 287 €714 H718 289 32-75%F 2AskE Sas

B3| Z 2 VeEPO L (Canfield ef al., 1993b; Jensen ef al., 2003)

BHE We] Mn(IV) 557} 135~175 umol em™8 #413] &2

A (S9N 4t 3o ghdel o3t {1 vt A

o] o] FoR 2] QAL tiFEe] {71E E37F Mn(1V) Sl o)

Aoxdtl(see Canfield ef al, 1993b in Table 1).

SHH, o] & 7Fs st 718 ARGEA o] E4] o5 Qo= 3}

=

2

u

P
2
5

=

P
T

0
1 lo

3t Az MAEE S8rAaHS)E Fe(ll)ole] =2
wgdes Qa3 Y JEe v 4 Ak &, giF-Ee
Fe(lll) Eo] mAE] o3t A2 e AN ™o} 54
9f 7F2 AJEH EA B4 Fgdo] LAIBHA e A7)
A= HAE W Fsled 2 A3 vt Srtstd H &
el Fast Fe(lld] 33H8 84L& FIsAl =™ (equation 3),
°]& FeRB7F BRE sl Fe(llHE A At FeRB2 A4S #
3|31 B H(Koretsky et al, 2003; Jacobsen, 1994).

24
[

Abiotic Fe(lll) reduction with sulfide:
2FeO0H + H,S = 2Fe* + §°+ 40H" 3)
o]&f 3t 89} Fe(lll) 7+ HS 242 FAE Ee] tjARE-S
A& 5hs molybdate(Mo)E AME-§t AP o2 FHo| 7Fs3c}. Bl
HAE U HAE MoZ 7SI Ak BUzMgo] AAH
o] Sof Aate] THAE ) o2 Qls) Bl ot Ho| 5k B
o] 7+43}] FeRB7} ©]87F53F Fe(Ie] ¥%7F Z7kste] Mo
5 A5 22 A E R Fe()] $E7t S78hs Aog
Uebdth(Koretsky er al,, 2003).

=

H ghel =HEQ0!

QA Eejgt npe} o] {I]1ES] o] w2 AME FH EA
FeRBY &2 2dsh= A WAl 2212 FeRBY HAxEA=
A}8-715 3 Fe(ll)®] & X o) t(Thamdrup 2000; Jensen et al.,
2003). AHA7t FRG 53 D] )R] HRME A B Ak
237} njeksle], FeRB7} B Q& sk Astd FEje) Fe(l)S
78 & 9 U= FH(Step 6 in Fig. 3)°] E4H oz g7FHT
714 dotdA e WA A A9 F oS AR Fe(llh)
9] A FXok= T4 71Ho 2= (1) 24 9% HAE

349 wghtidal flushing), (2) AAEEo] 93 AEwg
(bioturbation), (3) 2442l F5-o w2 FHAES 4tal/Ehel A
Hel 58 5 4 Sk 24l ofF) 884480 TRt 22 g
7F HREZ o7t 355 9] SUAEAE wiZsulAY 413}
A7l A M e AERT] o3 A7 burrowE 53l AH:
7t BAER FEEE A #49 Fe9] Fe(h7l Fe(lIDE 4%
stE ALY, 2B g 38l At FoEe] B FHE
(thizosphere)oll WlA|4tel87-& 222X FeRB7} o487k
gk Fe(lll7} A &2 o2 FFETHFig. 4).

Fe(ll)9] ¥=8 ZHsl= o|& ¥ 8UES T84S ¥} +
AHoz wotatr] 9 Hadd FF5AA AT HAE(Kostka er
al, 2002a, 2002b, Gribsholt e al, 2003, Hyun et al, in preparaton)©}
%2 ¥ )3 Georgia 5+ HEX9] tEZQA AMAx| oA 2] Az
& A3 TH(Table 1). 249 23t sl -5 (tidal flushing)©]
vgste] kAR 23 HHEZF Bl ZA%e] BAdol Zst
Se] X o7 A E(Spartina alterniflora)?] B7de] A|gH(Koch et
al, 1990)== SS(HEE MM) XF9] 7%, EAg$o] A8slA|
2o} SR RE A&AQ) Fe(lle] Zdo] B33k, 334 W
of &% SE Clf(Valiela et al, 1978; King et al, 1982),
Yol B a3t Fe(llyt 3t Adsle] F4-8 s13HE(; FeSy)
S FAska] Fe(lll) Q4 H 3 Fe(lIDE A AT EZ4 FeRB

~
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sediment

Tidal inundation flushes out
reduced S compounds and
provides O, into interstitial

Fig. 4. Significance of tidal flushing, bio-
turbation and vegetation providing oxygen,
thereby oxidizing Fe(II) to reactive Fe(1ll)
by changing redox conditions of the sed-
iment.

o oj%t frIE Halrt A A, webA, £718 B3] dRE
o] ghate] glo) o3| Yojudt). AEw e} BAS, Gribsholt
et al. (2003} burrow wali®] & mm °oJWjolA= F3g
B} A sigdo] AUl oz FA VERH, burrow wallollA] H
oAHA A Fele] FF FAETT FoAlE AR B
atdct. AR 2 Kostka et ol (20022)2 A& o] dojr}
A %2 it HHENUC)KIM T B4 3Hdo] Sash vk,

Uca pugnax (fiddler crab)ol] 93t A& wgho] &g HIE
(BVLYlA & 98} §71& &3/t FEvL B3t

th(Table 1). g+, 2]z} #HStS Holmer er al(2002)2 E
A X B (Spartina anglica) 2] FAF9 2 30~60%7t 1]A4t
3} Aolgta Husided ol @AM A &1, &
g 2 B ARt 55 5 2 tiy] 7 358 Eda
e iR S8 817) W) (Morris and Whiting, 1985;
Howes and Teal, 1994) 4}3} 34:(53] FeOOH)2 Fdo] ¥
@3] o]Fo]A FeRBel & #7144 {71E £3lo] Fa4d0] &
24 el vl iE o2 & 4 Ytk (Gribsholt et al., 2003).
3 e 9% {718 B39 F84L Fe(llDS 5 FEF
(total reduced sulfur, TRS)ZHe] A3 F=HlE2® FEo] 7}
538lcH(Table 1) =, Fe(ll)# TRSS Hl&o| F7} = §7)
B Falox o] AA e H|Fol AR molA| =
E3] #ma] FHIE(Fe(ll)/TRS=30.5)1F 24o] Basly AR
T AE7} =2 "2 (Fe(lll)/TRS=8.9)1x = AE o) F7]1E
oo A9 dEECI0%)S AATES & & Ak (Kostka e
al., 2002b; Gribsholt et al., 2003).

3 sha 42338

AAgF oz FYH= B4 F/A7EEY A4S 540= A3
il 2 SIAHR oA FHAYNEE E Q1&g A |
T2 B I2 A% HIE A B g8l A% HE
o] A7t Basicth oYY AEASE nAES o83t 3
7ol f83 2e-S she 54 /571 LEYES BelskAY ¥
A7) AL uidtkDua ef ol, 2002). YHHEoZ 0¥y
o that AE Asle LSS WA AoiFoz 53 5715
*32] (aerobic treatmentyl] FFE-E& FoI$ITHCemniglia and Heitkamp,
1989). 28y} 5718 AEAs= X R op|EHe /4 &
7S oAlsl7] g8 S8 Ax@EHANE FEE] % £
2w A TEsloksle B, Al B AR08 HellA v,
E3] tif-Eo] #7114 #8A ANFHH A ] 834 sHin situ
treatment)oll A-837l= S A ook 9, @714 MAES
ol &g A dr/14 At HAE ] 2@l s AFHA &
F AEA} £33 oF BHIAEE vPsr] A DAl 7]
A O AES o83 P AEAF(ex situ treatment)’} B8 A
oM A&k o]7o] AH(Coates et al, 1997; Reinhard ef al, 1997,
Anderson et al., 1998).

dutz o 2 Fefsdr e FEe] Ft A YR =E,
2HYe] grid AEAS | M= IE S FAFRAZ A
£3H= SRBY| 9gt 2 A sl g A7t AE o= H
514 M= ol gkeHLovley and Phillips, 1992; Lovley et al,
1993; Rabus et al, 1993; Rueter et al, 1994; LaRock ef al,
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1996; Caldwell et al, 1998; Harms et al., 1999). 28} SRBE
QARFER B0 7t Falrad wiEgo=2y 3 o 23
288 Faddhs dHol gith WA, FeRBE SRBY E4& 94
&, FAlol H g A APEE Fe's SA0] 43 F3
29 23l F45-333ES AT oEN SE AATE A
oX] FeRBE o843t #/57] 2599 MEAH3 ) 233814
HelA F2E B3¢ WEST. 53] AR 3} B2 E(subsurface
sediment)?} Zro] Fe(l)e] =7t SAlgRT =& 370y o
Bgah o] AAES oot 9Fe] AS A A
gk iAol 7Fst FeRBE o] 83 340 d 9] AEA 7} it
H f9Ec 48 5359 $9o] @ 4 glthJohnson, 1998;
Kiisel et al, 1999). ,

FeRBel| 2Jgt AEAs= IA {7 L tisk Asle} &
o9 g A3tz 72 4 AUk #7] 2999 7§ FeRB
7} ghghakE: ehal4=42 (PAHS; polycyclic aromatic hydrocarbons)
9 22 {7109 9E FAHAQ AU YR A3l e
A B BT HMIAA B WollA] AASK: AR o)F
o] Hth(Lovley et al, 1989; Lovley et al., 1994; Kazumi ef al,
1995; Anderson et al, 1998). Fe(II< ©] 83 §7] 29Le] A
B3] AL ¥4 Fe(l)S 1shs 549 o] A
Faclog #Age 4 9t ol Bk, Loviey er al.(1994)
2 NTA(nitrilotriacetic acid)?} Z-& #7185} Fe(llhshe] st
& Yot H]8492] Fe(ll)9] o] 455 THFE2EH FeRB
& o]43% A5 588 ¥ & Yo Eugrl.

4 29 g MEASLS] A, FeRBE o|&-3t] 484
oy stE FEHEA EAE we AF [Cr(VD)], THE [Co(llD)],
A S [Se(VD), Se(IV)] 59 428943 S5 [U(VD]
Z2E A BEFNY94AES AUlA LR vjgAdelw B4
AT AA)YE CrdID, Co(Il), Se(0), UUV)S = ez
HEAIA B Fe/AASk: By Ee] 2= Ack(Lovley
2t al., 1991; Fredrickson and Gorby, 1996; Lovley and Coates,
1996; Oremland 1994; Petrie et al, 2003). o|u}, &7 AL
Aslo] ol gHe MaEL AAFLEARA B 4 S EA@;
Se, U, As, Cr )¢t AR&317] Bohe B 39 Fe(ll S°& %
Aol 0] 8317 wfFol F48-QMF(metal reducing bacteria)> =
dukd oz BRHI|%E FtH(Loviey and Coates, 1997). FeRB)
718 23 B 2% FAFEE Huis 8 A AEAN
a7z Fus A 4= o), A EZA, Shen ef al. (1996y& Cr(V])
7 PAHsZ 9E 3 Cr(vD) Sg4do] PAHSE B4y
o2 AMsle) T 7E] 2 R9E TAlY B 4 sl A
off tisl) BarabH Tt T3 FeRBOF HEE 72 MEAYS &
HO 24 FeRBel 2laf 3= Fe(lly) S-AAZ zHg-3lo] TNT
12,4,6-trinitrotolune)} 4-CI-NB(4-chloronitrobenzene) 52 %
NZ)1= 4 (Heijman et al, 1993; Hofstetter et al, 1999) 52
g & Uk

AEZ 22 FeRBel 25t §714 A0 §718 ¥3l 7%
FEFO tg AEIT B Fe(l) B934 A8E B
A ek AE FE fU1EY Bt 22 ANHAE, 14
gko] =% gl A QYA FoAAMY f71E BAHZ Y U4
FEUR] AL Bt FE3] ofF] & 4 o). S, A/

A o=

AZEH9 DUIME FeRBol thet A AEA A7 ¢

s} o] RPYsE AXBAH AT 71Ee FAPe A4,
Sqdodqel 4845 5 Aol $AUsY delh A 8
e R BF AEse A7 AYsolel F Roleldh,
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