RO IRER 22 2011,30(6):1172-1179

Journal of Agro-Environment Science

gL R kIS IR BE O R H 2 E = IR 1

oA, REE W AT, R R
(PEALABRRHE RS EIRSR S5, BT B30 712100)

i E RAERREREFREE, UL Fe(OH); JyME—H F 3244, B I B A RIUTR R BORUS B9k R o Fe( 1D & 8484k, B5E
T TURYITEAR R B BIR R REEFRIT (8] J2 pH 550 T MBOEJFRHIE . S5 RRH], WA [FIK B X TTAR YIS B AR o
3R] AR A B RS B R ER R DR Sk IR, H B s IR Fe (I ), oA FAAS R BRUR I k08 SR BB ) R I 8 B> N R 2h > FLIR 6> 2
FREh  FEA R KRB X 2 8] Fe( I )ik R EEAAAE—E 22 57, ISRV oK B KA 4 Fe( DR JERE S W BARTF 1 28F0 M2k
Jo X8R ; AR AR RN B RR R AR N B B SR, 76 15 °CAN 30 CIEFRAF T H Fe (I )ik J5 SO nE V5 PR LR i T e T v , R
TEEWTERFBRIET , 2= BRI B WA S R T ST L A% W 7K B S P BB Al A R e A, At ) Y R 2 Ml AR P i A
BT AE YR K, i Fe( I )R SR RE F7 38 38 ; SSUAE WIRETETE pH PR R AT T Fe(DIRJRRE S Bk , BEE AR pH HH 8.0 AR
F 11.0 5% pH H 6.0 F#{KZ 3.0, /A R Fe( 1 )ik JRRE I HBHREAR

KEEIR  UURYY ; REFE R s Fe( DR 5 BRIEAI T AR R

FESHES X172 XEMFESE:A XEHS:1672-2043(2011)06-1172-08

The Capability and Influencing Factors of Microbial Iron Reduction in Marine Sediments from Bohai Bay,
China

CHEN Qin, ZHAO Jia—jia, QU Dong", ZHU Chao

(College of Resources and Environment, Northwest A & F University, Yangling 712100, China)

Abstract: Anaerobic incubations of leaching liquors from sediments of 4 sites with different water grades in Bohai bay were conducted to re—
search the capability of microbial Fe( Il ) reduction. Influence of carbon sources, temperature, incubation time and pH value on microbial Fe
(I ) reduction was also investigated by monitoring the content of Fe ( I ) in this amended incubation. As results represented, glucose
and pyruvate were in prior and quick utility in microbial Fe( Il ) reduction in all the incubations. The capability of microbial Fe( Il ) reduc—
tion amended with carbon resource showed in order as glucose>pyruvate>lactate>acetate. Water grades did apparently influence on capability
of microbial Fe( Il ) reduction, reflecting by obviously higher capability of water grade of I and II than that of Il and IV. Temperature from
15 °C mote the efficiency of Fe( Il ) reduction with priority carbon sources. Flooding time elongation benefited promoted the microbial
community which preferred to utilize glucose and acetate and therefore enhanced the capability of microbial Fe( Il ) reduction. The strongest
capability of Fe( Il ) reduction appeared in pH neutral system and the increase of pH value from 8.0 to 11.0 and the decrease from 6.0 to
3.0 both impaired the reduction of Fe( Il ) during incubation.

Keywords: sediments; anaerobic incubation; iron( I ) reduction; carbon source utility; environment factor
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Figure 2 The changes of Fe( I ) concentration in different quality marine sediments and carbon sources
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Figure 3 The changes of Fe( Il ) concentration in different carbon sources and temperature
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Table 1 The kinetics dynamics parameters of the Fe( Il ) reduction in different quality marine sediments and carbon sources
RifSte B Cuten L SER e e V) gy TR
S3(13%) HEE 368.3+8.2 227.2+18.4  0.125 6+0.003 2 0.996 9 11.56+0.07 43.2+0.6 100.1+2.2
R R 364.3+8.9 83.7£10.3  0.103 6+0.004 7 0.998 0 9.42+0.20 42.7+0.8 99.0+2.4
FLERER 166.0+7.9 12.3+0.8 0.041 4+0.000 9 0.996 4 1.72+0.09 60.6x+1.8 45.1x2.1
ZEREL 124.2+1.0 123+ 0.8  0.046 0+0.001 8 0.997 1 1.43+0.05 54.9+1.2 33.8+0.3
S2(112%) BidghE 363.2+8.4 362.8+67.9  0.158 9+0.006 1 0.997 3 14.42+0.41 37.0+0.5 98.7+£2.3
TR EREL 343.9+8.9 64.0+ 5.8  0.124 5+0.005 7 0.997 7 10.69+0.23 334+1.4 93.5+2.4
FLERL 289.5+8.9 38.6+x11.4  0.077 1+0.005 2 0.998 8 5.58+0.48 47.0£0.9 78.7+2.4
ZEREL 180.3+2.1 529+13.4  0.072 6+£0.004 5 0.997 4 3.27+0.19 54.4+0.5 49.0+0.6
S4(1M3%) HEE 353.1+6.5 444127  0.124 5+0.005 6 0.997 8 10.99+0.52 49.0+£2.2 96.0+1.8
SJEEaN 374.4+5.4 40.9+3.9 0.064 7+0.001 4 0.996 1 6.06+0.19 57.3£0.4 101.8+1.5
FLERL 152.7+2.4 14.4+1.7 0.044 0+0.003 1 0.994 0 1.68+0.09 60.5+1.7 41.5+0.7
R 104.9+1.4 14.1+3.1 0.055 3+0.006 1 0.996 5 1.44+0.14 47.8+1.3 28.5+0.4
S6(IV%) HIwE 374.4£105  211.3+10.5 0.086 3x0.0009  0.993 9 8.08:024  62.00.7 101.8+2.9
SJEEaN 367.7+4.6 46.1+ 4.6  0.066 3+0.002 4 0.997 3 6.10+0.29 57.7+0.7 99.9+1.3
FLERER 136.0+8.2 10.3+ 1.0 0.036 0+0.000 6 0.992 8 1.23+0.09 64.6+1.9 37.0+2.2
ZEREL 101.6+1.0 11.4+ 09  0.043 5+0.002 3 0.993 2 1.10+0.05 56.0£1.6 27.6+0.3
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Figure 4 The changes of Fe( I ) concentration in different carbon sources and culture time
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Table 2 The kinetic dynamics parameters of the iron reduction in different water quality

K Water quality Logistic FH2E%X Logistic model parameters VgL v Fe( I ) iR JF#/%
a b Reduction rate
I 255.7B 83.9B 0.079 1B 6.03B 50.3C 69.2B
I 294.2A 129.6A 0.108 3A 8.49A 43.0D 79.9A
m 246.3C 128.4A 0.072 1C 5.04C 53.68B 66.5C
v 244.9C 69.8B 0.058 0D 4.13D 60.1A 66.0C

H:KREFRFEAEZE R EFBE(P0.01),
Note: Capital means significant differences(P<0.01)

R 3 BiBEETRYEENEEFAARRRIRE Fe(1D)ERZNFSHEH ESH

Table 3 The kinetic dynamics parameters of the iron reduction in different carbon sources in Bohai bay

Logistic FFESE( Logistic model parameters

Fe( I iR J5R/%

%I Carbon source Viadmg-L1+d? TV wadd
a b Reduction rate
% (Glu) 364.7A 311.3A 0.123 8A 11.26A 47.8C 98.4A
PR ER (Pyr) 362.6A 58.7B 0.089 8B 8.07B 47.8C 97.9A
FLEREL (Lac) 186.0B 18.9C 0.049 6C 2.55C 58.2A 50.6B
g (Ace) 127.7C 22.7C 0.054 3C 1.81D 53.2B 34.7C

ERETFRFRLE LB ZERBE (P0.01),
Note: Capital means significant differences(P<0.01)



1178 B Z5E - BIBUTRY A W BGR JR RE ) B L R R R

201146 A

BEE 17K It 18] A9 AZ 16, UTRR PP Il A eI e
AR, XA ML R PR G 2284k . Noll 4562
WH0KRE L AP AR KPR B 1 22 id R, B
WEOKJE 1 h B 2 d IR AT S5 AR AR AT R B e
B3 2d B 21 d (AL B E TR, TAAEE21 d
BIZ6 168 d WUEMIRER S TRE . RS TIR
Y IREE 5 R PR A A T X ), (E AN SR AT
TURY P B HA PR R REUE T =, T A
WK B SR 6] KA BRI A -5 kad SR BE 1 9 56 2R
M RARH LB o ASHITER I, BEH WK I ] S, YT
Ry ol e ¥ v 1 R 2 0 P R R k) Bl = 4
AWHIRE K, FEPRIRRE 58 . R EPE
TR0 A R P A i 32 A1 23 8 LA T B B R A
LM FBLZ —

A RER YRS pH EAEBEINR
A, — BRI R B A pH EX A AE KA
P24 A IR , BT PR B A Y v e
pH {H 6~8 HIZ MK Z H Fe( Il )ik S AE 185 , BERA
TE Fe (I )3 Ji e 5 H i PR i o s ) kit SR Bl A 3
FEH T BT 75 —J7 1, M pH4.0 2 pH11.0 X fFT
WARBA —ER Fe(l1)iRIRAE S KFE , UEHI LA
HATHERAT R 0T 2 Ak R S S AR A A o

4 g

KUY P i A W e 1) Fe (T )id IR AE
M ARRERIUN 126> T 26> M1V, 11T
FRY P A W eV B O SR BE T A A B 2 B i
SR , KRS G P B I R BGE IR RE T . A
TK S5 i X URR M 4R BB A B A W e 239 T A S b A
BRI EBRIR , H TR S Fe( 1), AR
BIRIR A BRd IR BE 1 R BN S > N B AR EE > FL IR 2>
LBRER TE 15 °CZ 30 “CZ[H], 2B FIN B BR L AL 2
(9 Fe( I iR I B8 11 2B IR AT H R T TR o RBHTE
HAAE Y RER A AL SRIR T , R R SRR B AT {2
PEGI IR L BB o B HE 7K IR TR SE K, TR
A R v PP P W A A IR R -ER P B A AN K
K, SEPGEIFRE S35 T AR pH A4
T, BEEARR pH{EH 8.0 JHR ] 11.0 2l 6.0 FEfik
2 3.0, (AR Fe( )& J5RE S BB HTEAT o

B30k :

[1] Lovley D R, Coates J D. Novel forms of anaerobic respiration of environ—
mental relevance[J]. Current Opinion in Microbiology, 2000, 3(3) :252—
256.

[2] Fredrickson J K, Kostandarithes H M, Li S W, et al. Reduction of Fe
(I), Cx(VI), UCVI), and Tc( VIl )by deinococcus radiodurans R1[J].
Applied and Enwironmental Microbiology, 2000, 66(5) :2006-2011.

[3] Lovley D R, Phillips E J, Corby Y A, et al. Microbial reduction of urani—
um[J]. Nature, 1991, 350(4) :413- 416.

[4] Lovley D R, Blunt-Harris E L. Role of humic—bound iron as electron
transfer agent in dissimilatory Fe ( Il )reduction[J]. Applied and Envi—
ronmental Microbiology, 1999, 65(9) :4252-4254.

[5] Qu D, Wang B L, Mao H. Effect of iron( Il ) reduction on Cr( VI ) reduc—
tion in paddy soil//Biogeochemistry of trace elements:Environmental
protection, remediation and human health[M]. ZHU Yongguan, Lepp N,
Naidu R. Beijing: Tsighau University Press, 2007:233-234.

(61X %, # 7K. ERYIEAME— BRI L EOE R B R[]
PR R =M (B AR, 2006, 34(10) : 101-106.

LIU Shuo, QU Dong. Effects of benzene analogs as sole carbon source on
dissimilatory iron reduction[]J]. Journal of Northwest Sci—Tech Universi—
ty of Agriculture and Forestry, 2006, 34(10) :101-106.

18 7M1 R AL PSREES THBEE SRR 1368
%, 2007, 38(3):504-507.

CAO Ning, QU Dong. The relationship between iron oxides reduction
and inorganic phosphorus availability in four paddy soils of China[J].
Chinese Journal of Soil Science, 2007, 38(3):504-507.

[8] Qu D, Ratering S, Schnell S. Microbial reduction of weakly crystalline
iron ( Il )oxides and suppression of methanogenesis in paddy soil[J].
Bulletin of Environmental Contamination and Toxicology, 2004, 72(6):
1172-1181.

[O1 8 %, 3k—-F, Schnell S, 4. yEIN& Lk x K FE £ 5 Ho,CO, Fl

CH, JE BB MEJ]. WA 244, 2003, 14(8):1313-1316.
QU Dong, ZHANG Yi—ping, Schnell S, et al. Effect of iron oxide addi—
tion on hvdrogen, carbon dioxide and methane geneses in paddy soil[J].
Chinese Journal of Applied Ecology, 2003, 14(8):1313-1316.

[10] #i 7R, Schnell S. #MEE A4k xd K FE + B BT BRI i (0] 3RB%
BlaE2ER, 2002, 22(1) :65-69.

QU Dong, Schnell S. Suppression of methanogenesis by iron oxides in
paddy soil[J]. Acta Scientiae Circumstantiae, 2002, 22(1) :65-69.

[11] Coates J D, Lonergan D J, Phillips E ], et al. Desulfuromonas palmitasis
sp. nov., a marine dissimilatory Fe( Il )reducer that can oxidize long—
chain fatty acids[J]. Archives of Microbiol, 1995, 164(6) :406-413.

[12] Coates J D, Phillips E J, Lonergan D J, et al. Isolation of Geobacter sp—
ecies from diverse sedimentary environments|J]. Applied and Environ—
mental Microbiology, 1996, 62(5):1531 — 1536.

[13] RAEfE, B4eiE, il 7K. UL s S AR B0 AL 8 SR ARRAE ]
FAl R AR, 2010, 29(9): 1789 -1794.

ZHAO Jia—jia, YI Wei—jie, QU Dong. The characteristics of microbial
iron reduction in marine sediments from Bohai bay[J]. Journd of A gro—
Environment Science, 2010,29(9) :1789-1794.

[14] Cornell R M, Schwertmann U. The iron oxides:Structures, properties,
reactions, occurrences and uses[M]. Weinheim: Wiley—VCH, 2003.

[15] SRBAL, 2R . SEFS AT AL IM]. S - PO R e AL, 1981
537-539.

[16] Robert A S, James R C, James M T. Characterization and description of

Anaeromyxobacter dehalogenans gen. nov., sp. nov., an aryl-halorespir—



55 30 5% 6 i Kk b B\

% W 1179

ing facultative anaerobic myxobacterium[J]. Applied and Environmen—
tal Microbiology, 2002, 68(2) :893-900.

[17] Lovley D R, Holmes D E, Nevin K P. Dissimilatory Fe( I ) and Mn
(V) reduction[J]. Advances in Microbiology Physiology, 2004, 49 .
219-286.

[18] Kostka J E, Nealson K H. Dissolution and reduction of magnetite by
bacteria[J]. Enwiron Sci Technol, 1995, 29(10):2535-2540.

[19] B4, R, 2k, 45 3 bREBGE IR 4 A AR R B IR 38 I

FHEAT). FTLRAMBHE R =W (A AR, 2009, 37(2):
181- 186.
YI Wei—jie, QU Dong, ZHU Chao, et al. Fe( Il ) reduction characteris—
tics of three iron reducers using different carbon sources[]]. Journdl of
Northwest Sci—Tech University of Agriculture and Forestry, 2009, 37
(2):181-186.

[20] R&FTT, SR B, EAAH, 5. SRR BR P4 AOBRIE A FARRAE R H

RGERBHFHI] AR K2R (A RFLEAR), 2008,
36(3):117-123.
GUAN Shu-yuan, ZHU Chao, WANG Bao-li, et al. Characterization of
iron reduction using different carbon sources and phylogenetic analysis
of Fe( Il )-reducing microorganism P4[]J]. Journal of Northwest Sci—
Tech University of A griculture and Forestry, 2008, 36(3) :117-123.

[21] FKAWHT, H 7R, B 4Els. IR K AQDS X & MLk A ik g 72

B[] T ALRABHE 2 2 M ( B AR R, 2009, 37(3):
193-199.

ZHANG Li -xin, QU Dong, YI Wei —jie. Effect of temperature and
AQDS on ferric oxide microorganism reduction process[J]. Journal of
Northwest Sci—Tech University of Agriculture and Forestry, 2009, 37
(3):193-199.

[22] Noll M, Matthies D, Frenzel P, et al. Succession of bacterial community

structure and diversity in a paddy soil oxygen gradient[]J]. Environ—
mental Microbiology, 2005, 7(3):382-395.

[23] E3 B, XU, pH (53R BEXH AW ERBAT B R AL Fe R NaH)

BT[] BTG TR, 2004, 24(2) . 36-38.

WANG Qing-liang, LIU Xuan—ming. Effects of pH and temperature on
thiobacillus ferrooxidans oxidation of Fe*[J]. Mining and Metallurgical
Engineering, 2004, 24(2) :36-38.

4IRS, 2 5 MR, 4. Fe® (EDTA )RR 20 B8 B HAERE().

i E I IE R, 2004, 24(4) :447-451.

JIN Guo-hua, LI Wei, SHI Yao, et al. Isolation and its properties of
bacterial strain for Fe**(EDTA ) reduction[J]. China Environmental Sci—
ence, 2004, 24(4) :447-451.



