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1- 0-FeO(OH)

2- a-Fe,04

3- Dissimulatory Iron Reduction

4- Dissimulatory Iron Reduction Bacteria
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1- Ferrozine((3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p,P’-disulfonic acid))
2- 9,10-anthraguinone-2-sodium salt
3- X-Ray Fluorescence
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1- Tryptic Soy Broth
2- 1,4-piperazinediethanesulfonic acid
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1- Colony Forming Unit
2- N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid
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1- 9,10-anthraquinone-2,6-disulfonic acid

Y&



Ol 9 031505l 53 (ot pansd

St S Sl opl Sl a8 sl Ol 1) Clan ms SRS S 51 (S s s ey 5 Ul
Ll 48 S s el SO oyss glanl 53 AQS sl e (D) UAT Dlae 5yl 5l
2 0s S U Olpen 0558 Sslie SLS 5 G s p 4 6 5 (V00 0D 5 5 54L)
Ve s olS 5o onl 8l s sl St 68U a3 Ol e SRl
355 5% nds A A i el il 4 a5 L sl GBS e RS sl el
el ol wBly Fge Aol Bl el S «AQS 5>

S i 53 AQS e ol L sl glajles s JtlesT plowil Sl sdel sy b
S Sas ) SIS Gl ey el b )l LB 5 s (A1) ool Jlaie oS sls oL pss 3
Col Y8 208 5 Lo L AQS 1 aS sl 0L | (gols sme ool 3l CoD| ;j,a,pcib,u,;
03 el W5 Al b lsal W6 5 Jsloms (1) cal Jlade cpoman (8 JS2) A8 0 asis
Sloles & e AQS e ol 5 (Vs oo V) 550 ool clle b S 5 slasles
(8 JKa) sls 0lad mldl 555 ) IS Sl e Mg en S ik, |, AQS Toke LS S s

e AQS i 3 Jees (IDaT e AQS i 53 2 Ll ezl JSADaT
= =A= = AQS i pas 5> Jou )T = 0= = AQS i pus 55 el gl sl B30 a7
\YAv e
Yoo
IR TR
—
-
Y
o
3
Vel
e
Yoo
O -=zm Q= ===-= Q= === = O« = @2 o =« = = = = = o
~ -
' «/0 \ \/e Y Y/e

(o) in p oo

505) SBIE G e o5 it g 53 deul b gl Sl B 5 J e A1) Al lake - &

Yy



O (sl 559 Jbma (D) aT (ot 539) d soma D) 2T
O (Jsl s dl s C\p\y&(ll)fT B (g 550) ol L J6dD) T

Yyeo

VA«

Yo |

\Yeu

O¥s0hen) 259 sk
AQS [Ny Km0 ol ke 5o (1) ol Hlake gl o Sile amglin —Y K2
5350 5V SIS 5 ey p59 P phe sk
e AQS o ;3 J oaID) 8T =l AQS ,, o ;5 Il cnj-,c,nvlﬂg(H)JT
= =A= =AQS, o (J;j;J)j,n(II)JgT - == -AQSL,.,A,(.A;P.A:,H;CU;.'_J _},u(ll)fT
AARK

YA

(Vopr ko) 32338 - shan

5850 CBIE 51 Gy (0505 As s 53 dal b ) Sl BB 5 Jglome (1) Al Slude —¥ S

yey



Ol 9 031505l 53 (ot pansd

= A = s p o pae 53 d e (DT = O = s s e 53 el b gl AT 8T
s s 3 e (DT s g3 ded L gl BAD T
VYoo
Yoo

Ny Son (I1) o
P §

K A\l e I 0
(V305,50 AQS sk

505V CBIE 51 g AQS il - gla 55 Al b gl Sl B g dglome (1) opal i ¢ JSs

sl CBl olan 6 AQS i b b (oS 5 sl 53 Jskoe (1) al e 2531

Coilen ges G 5 i S st peissd Rl s 5o O als Sl 4
L selie Sl (D) ool Jlais AQS cola oled 3 oS 5 lasles (8 JS) das e 0L
s bl pam 3 AQS il ol ol me (solel OMl 5 Lissad WS
oAl il L35 AQS ie sl ss Lgw &S dals slajless 3 45 Syp0 53 i sdalie
Sl eds g (D)l Jlaie AQS clale 213l L 5 3,5 &y 0SS Jltis & (1)
Lol 3 ek ady (I ol SueS SLaS 3L Kl e (oS 5 slasles s mls cnl il
(Yo O 5 2,ak) AL ke dals lajles @ Cud 358wy gy Jals
ol sty Colea sy Jials 5 (AQDS) 0 Sl BU 1 adlas 4 S SISk
ool bl bl s 5s Vs S 00 Llg clale LAQDS o xSl U a5 Sl s e

3 o) s b5 DS aodes 4 adly JalS S a sl G 50 s e BLSL e

yey



STy ol gl el (Y00 YD OIS 5 s 17004 O 5 5l Y04 Ol
Jols 5 2S5 pll o WS 050 BU 8L slad e Sl 0 Sl JEl &S
LS4y 05 S guden 51 O xSl Jlanl (ST Oley ol sy rals 2ST plasl oS5 pdoms
Yoo¥ OLan 5 55)) 59 dalos odiSsgdms Jals 0408 LS 5 2alS 5 o3 b opal
T Sy 2 s A Anl s eld W (D) ool oS 0T 51 (T Ol 5 5 ik
oAlnST s sl 4 O S aes Sl 05Ol Jsl [2STy s e S 5 4 S 18
308 L Oy St ail (il gkl Jald as s S sbwl Il csles
oL A A sk Ll Ol Sl G lals & ol 5 58 DUS 5 Sk slaclils
Jses 55 ot (Sl se 5 Sy b 55 S ol Al ST b O ol (D)
OLen 5 fudls Y00 ¥A OLn 5 230 b 2alS alins) mlan s D) ool e
A Ok s oles w dals bl 55 AQS WSSl oS el s s w0 ol ol (Yerd
b Cussdoes ol 555 0 5 (65t sle & (1) ool OF clale (51580 555 0 03 )
@it s ash e B by S 5 slasles o s Sl des e el Ol B,
SS lea.ﬂ LgJJﬁQTu;JaMg.lg- S s esly WSS ol A g (||)&ATL3AQS ol yar
oAl oS SUaS Jolo g 53 W5 e 55 AQS oS 5l ol Slachle by 5 S e
R G QLS AQS 5 i slackle LIy souls 5wl Jae Ji3e D)
L oslasles J3 Sibesl plowil 5l 55 0 SIS 3y std 5 Jloms (1) oAl a5 e
@bl Ol sk AQS (Vges Sen 00 5 80) sl 5 cnisb Vaa ke ¥ ool bl
L oS5 loles 53 5 Al L gl LB D) ol 55 5 s salie KU b (sl e
S5 55 wlis AQS (Nses,Sen 00 5 b0 0 Y0) sl 5 5p 8 Ve Juo ¥ il ke
Soslize GBU S S (Y009) 0Ll 5 3 ke Slalllas s b Jtse ool 5l sdel sy il (0
5o sy 0 SuidS S e cpl by o Cllas (ssed ey LA S s s ol
5> (D) ol Slaie 53 5l ol OLS (a3a 3 spam 53 AQS sl Ble - jlaw U
Sl s dals lales b aolie 55 5 cuils aslsl 2lesl plamil 515550 0l U asles ol

LS5 00 s 2 4 055k 50 0 &S e e e 5o0nl 51LQV ISE) 5ls 0L, (e 5 L6

yeg



Ol 9 031505l 53 (ot pansd

Jzl s s 10l 3 Cslon s 2alS 055, 0 028 S o for S sba KU
Jole s (D) ool 058 SUaS dhsty o 5 235 Old BB Ly 0,5
el a5 (D) ool 5 55 o o ot GBI (Saly S slaml 4 e 08 uSUiaS
LS JS 1y al EalS 65550 6 S s b S Ad e AQS 5 i b Olejes 3,008 s S
U al sl sl el YE s 1y aes JhalS 6 iS5 o Ll AQS S - s
33 AAQS 5 s S ekt el slalesl il & dy o B ol ply das e 13
Sop ol gy 2l (D) ol 0385 oSS 5 05,50 JUsl S8 55k 53 8 Lng 2ol
e el Al Gl gl ales @ Sl sl L Suma s el 1 Cslens

L ss LI

O (U 550 dsloes D) aT (=2 550 J a1 2T
B (U 55D Al b ] ezl JoBAD) T B (o 550) ol b ] ezl Jo6dD) aT

(ON305,5) AQS 7 sk

N ¥ gl Chl 55 (D) (ol ke b Kl awglis —0 S5

5350 5) BI85 AQS s sk 5 )

y¢o



ks sa 5> J s (DT = mAm = s pie 5 sk DT

——

- afa =

Cnisposdm 53 el by gl gt JBAD AT 2535 s pe 53 Aol b 1zl JEAD aT

R
O
=
- Ave
= e
3,
ol
5y
fon
R4
a’
Yoo Ad

Vo ‘ Yo K Y ‘ £ ' 0
(OV5e5,5) AQS sk

5950 bS5 ey AQS il gl 3 dul b ol Skl BB 5 Jlome (1) ol Slude 1 K2

S 5 o

055 Wl Jl etV oy Aol s o8 el il s oAl sl
9 )‘les &.JLL:JT CJL:SJS Lole ‘-;ﬁ 6(.&0.,\.‘.1‘91 9 J:;jﬂs‘y}.)bb C)L-‘SJ: Erjmmgj "(’)"‘"\)J\
SlaiSly plmil 4 3B anl b cnl 53 edd A (D) ol b e el SSloy)ls
Lo VT 2als 5 st feils 5o S1add a4z el ol oS s LaedVT L ol
Ll fie Jelss op O e ol AE s Ol e SRS 5 038 S ot b
St VT a5 asestons s g Sl 2alS y anl b cpl ST anllas (K3 cal RalS
g oo dleldy L;sz_b)dﬂ

8 5l Pl

A3y rasn opl 0BGl oS dgde s b oKLl a3 proms Sislae Sl dewsop s

LS gt S LS

AEAS



Ol 9 031505l 53 (ot pansd

&

1.Bose, S., Michael, F., Hochella, J., Yuri, A., David, W., Kennedy, D.E.,
McCready, A.S., and Madden, B.H.L. 2009. Bioreduction of hematite
nanoparticles by the dissimilatory iron reducing bacterium Shewanella
oneidensis MR-1. J. Geochimica et Cosmochimica Acta. 73: 962-976.

2.Burgos, W.D., Fang, Y., Royer, R.A., Yeh, G.T., Stone, J.J., Jeon, B.H., and
Dempsey, B.A. 2003. Reaction-based modeling of quinone-mediated bacterial
iron(111) reduction. J. Geochimica et Cosmochimica Acta. 67: 2735-2748.

3.Fubo, L., Burgos, W., Xie, L., and Zhou, Q. 2010. Bioreduction of nitrobenzene,
natural organic matter and hematite by Shewanella putrefaciens CN32. J.
Environ. Sci. Technol. 44: 184-190.

4.Gu, B., Yan, H., Zhou, P., and Watson, D.B. 2005. Natural humics impact
uranium bioreduction and oxidation. J. Environ. Sci. Technol. 39: 5268-5275.

5.Hansel, C.M., Benner, S.G., Nico, P., and Fendorf, S. 2004. Structural constraints
of ferric (hydr)oxides on dissimilatory iron reduction and the fate of Fe(ll). J.
Geochimica et Cosmochimica Acta. 68: 3217-3229.

6.Jaisi, D.P., Dong, H., and Chongxuan, L. 2007. Influence of biogenic Fe(II) on
the extent of microbial reduction of Fe(lll) in clay minerals nontronite, illite,
and chlorite. J. Geochimica et Cosmochimica Acta. 71: 1145-1158.

7.Jeon, B.H., Dempsey, B.A., Burgos, W.D., and Royer, R.A. 2001. Reactions of
ferrous iron with hematite. J. Colloids and Surface. 191: 41-55.

8.Jeon, B.H., Dempsey, B.A., Burgos, W.D., and Royer, R.A. 2003. Sorption
kinetics of Fe(ll), Zn(I1), Co(ll), Ni(ll), Cd(Il) and Fe(l1)/Me(ll) onto hematite.
J. Water Res. 37: 4135-4142.

9.Kerisit, S., and Rosso, K.M. 2006. Computer simulation of electron transfer at
hematite surfaces. J. Geochimica et Cosmochimica Acta. 70: 1888-1903.

10.Laguna, C., Gonzélez, F., Garcia-Balboa, C., Ballester, A., Blazquez, M.L., and
Mufioz, J.A. 2011. Bioreduction of iron compounds as a possible clean
environmental alternative for metal recovery. J. Min. Engine. 24: 10-18.

11.Liu, C., Zachara, J.M., Gorby, Y.A., Zecsody, J.S., and Brown, C.F. 2001.
Microbial Reduction of Fe(lll) and Sorption/Precipitation of Fe(ll) on
Shewanella putrefaciens Strain CN32. J. Environ. Sci. Technol. 35: 1385-1393.

12.Luan, F.B., Xie, L., Li, J., and Zhou, Q. 2009. Reduction of nitrobenzene by
iron oxides bound Fe(ll) system at different pH. J. Environ. Sci. Technol.
7:1937-41.

13.Manfred, W., Andeeask, J., and Raineru, M. 2009. Effects of humic substances
and quinones at low concentrations on ferrihydrite reduction by Geobacter
metallireducens. J. Environ. Sci. Technol. 43: 5679-5685.

yev



14.Marshall, M.J., Beliaev, A.S., Dohnalkova, A.C., Kennedy, D.W., Shi, L.,
Wang, Z.M., Boyanov, M.1., Lai, B., Kemner, K.M., Mclean, J.S., Reed, S.B.,
Culley, D.E., Bailey, V.L., Simonson, C.J., Saffarini, D.A., Romine, M.F.,
Zachara, J.M., and Fredrickson, J.K. 2006. C-type cytochrome-dependent
formation of U(IV) nanoparticles by Shewanella oneidensis. J. Plos. Biol.
4:1324-1333.

15.Roden, E.E. 2004. Analysis of long-term bacterial vs. chemical Fe(lll) oxide
reduction kinetics. J. Geochimica et Cosmochimica Acta. 68: 3205-3216.

16.Rosso, K.M., Zachara, J.M., Fredrickson, J.K., Gorby, Y., and Smith, S. 2003.
Nonlocal bacterial electron transfer to hematite surfaces. J. Geochimica et
Cosmochimica Acta. 67: 1081-1087.

17.Royer, R.A., Burgos, W.D., Fisher, A.S., Hunjeon, B., Unzrich, R., and
Dempsey, |. 2002a. Enhancement of hematite bioreduction by natural organic
matter. J. Environ. Sci. Technol. Page Est: 7.5.

18.Royer, R.A., Burgos, W.D., Fisher, A.S., Unz, R.F., and Dempsey, B.R. 2002b.
Enhancement of biological reduction of hematite by electron shuttling and
Fe(l1) complexation. J. Environ. Sci. Technol. Page Est:7.9.

19.Royer, R.A., Burgos, W.D., Hunjeon, B., and Burgos, W. 2003. Inhibition of
biological reductive dissolution of hematite by ferrous iron. J. Environ. Sci.
Technol. Page Est: 6.5.

20.Stapleton, Jr.R.D., Sabree, Z.L., Palumbo, A.V., Moyer, C.L., Devol, A.L., Roh,
Y., and Zhou, J. 2005. Metal reduction at cold temperatures by Shewanella
isolates from various marine environments. J. Aquat. Microb. Ecol. 38: 81-91.

21.Stookey, L.L. 1970. Ferrozine-a new spectrophotometric reagent for iron. J.
Anal. Chem. 42: 779-781.

22.Tanwar, K.S., Petitto, S.C., Ghose, S.K., Eng, P.J., and Trainor, T.P. 2008.
Structural study of Fe(ll) adsorption on hematite (1102). J. Geochimica et
Cosmochimica Acta. 72: 3311-3325.

23.Zhengji, Y. 2010. Microbial removal of uranyl by sulfate reducing bacteria in
the presence of Fe (I11) (hydr)oxides. J. Environ. Radioact. 101: 700-705.

YEA



Sciences and Natural Resources

J. of Water and Soil Conservation, Vol. 20(4), 2013
http://jwsc.gau.ac.ir

Effect of simultaneous use of ferrozine and
AQS in bioreduction of ferric iron in hematite

*N. Ghorbanzadeh!, A. Lakzian? and Gh.H. Haghnia®
'Ph.D. Student, Dept. of Soil Science, Ferdowsi University of Mashhad,
?Associate Prof., Dept. of Soil Science, Ferdowsi University of Mashhad,
*professor, Dept. of Soil Science, Ferdowsi University of Mashhad
Received: 06/25/2012; Accepted: 10/07/2012

Abstract

Iron reduction in ferric minerals has an impressive role in bioremediation of
organic and nonorganic contaminants and understanding the efficient factors in this
process will be important. Organic matters are effective in bioreduction of ferric
iron with different mechanisms such as electron shuttling and complexation. In
order to examine the effect of simultaneous use of AQS (as an electron shuttling)
and ferrozine (as a complexing agent) in bioreduction of ferric iron in hematite an
experiment was conducted under laboratory conditions in the form of a completely
randomized design with 24 treatments and 3 replications in the presence of
Shewanella spp. Control treatments included 6 variable concentration of ferrozine
(0, 0.5, 1, 1.5, 2 and 2.5 mM) and 6 variable concentration of AQS (0, 10, 20, 30.
40 and 50 uM) and compound treatments included variable concentrations of
ferrozine with fix concentration of AQS (50uM) and variable concentrations of
AQS and constant concentration of ferrozine (2mM). Produced soluble and acid
extractable Fe(ll) in compound treatments with variable ferrozine levels and
constant concentration of AQS increased with increasing concentrations of
ferrozine but in treatments with different levels of AQS and constant concentration
of ferrozine didn’t show significant difference. Therefore, effects of both ferrozine
and AQS were additive on bioreduction. However, none of these two compounds
were solely dominant for increasing ferric iron bioreduction process in hematite.
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