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Effect of Carbon Sources on Biological Removal of Iron Impurities from Kaolinite. Eun Young
Lee, Kyung-Suk Cho', Hee Wook Ryuw* and Moo Bae. Department of Biological Science,
Ewha Womnans University, 'Department of Environmental Engineering, Ewha Womans University,
Seoul 120-750, Korea, *Department of Chemical Engineering, Soong Sil University, Seoul 156-
743, Korea —Fe (III) impurities in clay could be microbially removed by inhabitant dissimilatory Fe
(111) reducing microorganisms. Insoluble Fe (III) in clay particles was leached out as soluble reductive
form, Fe (II). The microorganisms removed from 10 to 45% of the initial Fe (III) when each sugar was
supplemented to be in ranges of 1~5% (w/w; sugar/clay). The microorganisms reduced 2.1~12.8 mol
of Fe (IlI) per 100 mol of carbon in sugars metabolized when sugars such as glucose, maltose, and
sucrose were used as sole carbon source. Bacillus sp. IRB-W and Pseudomonas sp. IRB-Y were isol-
ated from the enrichment cuiture of the clay. The isolates were considered to participate in metaboli-
zing organic compounds to fermentative intermediates with relatively little Fe (1) reduction at initial Fe
(1) reduction process. By the microbial treatment, the whiteness of the clay was increased form 63.20
to 79.64, whereas the redness was obviously decreased form 13.47 to 3.55. This treatment did not cause
any unfavorable modifications in mineralogical compositions of the clay.
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£ AAB] A% A2g why
£ Abs) F2 3 Jhss v AES ol 85 v
7 4= 9lrh(4, 12-14). v A B 23 He] 413}
& ) A2 AsEEe] AEATIEA L2l F
g 3 3-S Xt B3], Ak (Fe*)ol Axpe L&Al 2
L= 7159 Alste} tBe] RdiE = 0|3y A
% (dissimilatory iron reduction) 2H8-2 373l B9k,
ARE 2 23 7182 asd s A&
Ao g FANAFE Tag 12tee A Wzt ql 9 v
FFE 5o AU BE AHe g FgFs Al
t}(15).

A B2 o3k A il s 87 2 FEA
ol EeA E 3-8o] 7Fe3leth dnbd e Abst3e] %
SHEHES B4 ol A|uE, o 7le] I 7H-A SR E
o] ®Ht}(15). &, "IAES o] 83te] B840 A+
< 7H8A Y H3RMERE £56 JoEZR He AAN
7Vssict ¢l & B, ol A AL P o3 HE
AL FE3le B Fok16), M f-377]) E(phenol,
toluene, p-creso)E 2G5 Eofo|u} A3l AFH(17)
2 A v A ETA ] gt SAE Gyl 5] Holo
-89 Aol leh18).
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HEEFE Hzxso d4=318 Mo ojxl= El-Hel FE 553

o] HEFES 453l AASe T elo. 2=l A
7R = o] Fofoll TFF A7} vln|dly AEA|F3}HEt
A oA e] 2Y ASo] A H12-14). HE
Woell 4 HHAAAL {7152 Akgle} dAAIE ] 328)x
=, zHAEF A A of] FeiM = Ao g QA o
ch(12-13). EZ v Fo] HEFZHY A51H2 £
SHAl iA1= 4= gl HE B9 F2Ad HAE-
S 8 JhEsE A= obF wE A A 4rH(13). Stucki
(13)+= A Eel dful2]Z H71Ela §7|H 27 3tel A
plekal & o, "SR b2 HEL Wrdk HEo| P-
5ebe w5 AHESE S H3tde] dovt= 7S 3
aslol o}, 2ol &gk Alge] BFE3l P-5dF
7} 3R] vl A B R = #eldd 5 gl =8, Wu &
(19)-2 nontronite®l sucroses A7Fg B -5
2 viekEielS uf Astele] AFQcty By ot
o] A3} o A] o 2qtel] 93 AFe] gl L 7| Zo] T
A Bl 23} 71l A& 9] R Fehadvt. Sl A X Ps-
eudomonas sp., Azotobacter sp. = Aspergillus niger %
S olg3 Mezre] AESFLES AAS2AF A3
o} F5o] Folr] AHAA o] F2 Flo] dHoem A
Hode}(20). wels], a5 o] A E-E o] 8310 A E-¢ Y
PJrZRE HETES AAS 25913 A7l 34
< Nslr] e e HEWS dEd 712 Wal 2,
Ay v A2 Aed dEe F48 ¥ oE ot
&l A F7F A ASHA F .85l

oA s datdu|AE Eujtd-s o] §-3l
AEN AEZNY AETES A7kt vl B
2] of kg FAa}sloic), wedt, A v| S Stk
oz He] "I wg-S F3sts v AES Heldte] F
Agteded. ESHA Ao A - Fo] HEE a2l F
=+ F Axe £ BE FAYYE vlwgorEs A

&

VEEZRH 2EcE MA

B ol tel] ARSRF A K= e AP Al ] DARIA]
Hgshe AE F AHER B IHERE & HE
2(Fe)ol 2.6 wt% o1ict. HEw ol olsl HxE A7
=, B4712 34 oS Agel ARk 500 mi2
£7]0 A E 50 g, % 300 ml = glucose 2 g& ¥
F74& e F 30TelA] viekste] H= e HEA!

A FHA o] o4k Ao] WHEA] ¢Fow, 1 wigde

5 A alAlel AFEst SR A7 HE vy =S
E3AS AHEHJ 2 ARSI

2E A2 wjokg 7| A4t FE Bolge] A F
~ )

=
715 A7k R A& A7) F, butyl 5F-oPNE o] 631

o] WelA7E sPsteich. WAIIAS EAE] s
butyl ZEuk el 30 ml9) FA7]S 2 A2 30CHAA
sjoksieict, T EL] B v[X= HES Fxe] o
kS ZAR3IAC). 120 ml -&-5F8] Aol & 50 ml
2} maltosed 2g H71F ¥+ HEE ZH2 10%, 30%, 60
% Z7Vskal, A vAEL] £ ojFAE 1 mY A
7Fated A=) wieFsloadch. A x| ujeFt Zlefalofe] wE
2 g Foll gk d3E HE FE7) 10%Y © FALS}
o3z, Zed vk 150 rpm, 30°C2] s2uk vilekr] oA
etk g, 1P EZHE HESEL AA v|X =
H7182] 38k 120 m1®] A S o] 8-3fe] ZA3IA
th A% 10g, F5EE 50ml 2 A3 v A5 E3 ]
mlE ¥ wlof-8-7] el glucose, galactose, sucrose, mal-
tose % starch® 7zt HE 52 1~5%(w/w, sugar/
clay) =7} S =5 7). vioksl= 5ok 1-29 4
1514 wjok87] vlcto] AHME HES <F 1& 718 &5
of FUrl. MIUHLS HEZHE wfdos 855
- (Fe” )55 E ST ZN FHrIstsd =], FA7]
E- o] &3] nlof8-r]e] AEd 1 mlE TR A H
slo] Ay sE SA A

Szl 22| & =3

Hshl &3tk o 2 FE] FePPis]X| & o] 83} &
& 255 L@k, FePPi #i#= NaHCO, 2.5
g/L, NHCl 1.5g/L, KH,PO, 0.6g/L, KC! 0.1g/L,
ferric pyrophosphate 3 g/L, citric acid 20 mM, vita-
mine solution 10 ml(21), trace element solution 10
ml(21) & FAJ =] ik

A3hg] Eghuljofl s Hy ] AR A3 &
Ao (0.1 ml¥-S FePPi %3 2]l =gk 3 30Tl
Ay sjeFeldct, FePPi b= 7| o] ofkE& A3}
k7] #8ked 27 8.5 cmg) Petri dishell FePPiv}A|-=
10mm HAEE F7A FoA agar w1 E2HH petri
dish 7 #2] ZFHel Al ® x5 1|34t FeP-
Pi 5 gl =] 9] of] 2028} colonyE ©HA] FePPi ] Al wli %]
2 H5AA Ax A F HIAYFE FUsleir) o]={t
FARS iR o8 paisle] T o] o sk S
AL I Ul i + £/ T+ National Col-
lection of Industrial and Marine Bacteria Limited

(Torry Research Station, Aberdeen, United Kingdom)
713ke]| o) =] slod F-A 3hsd vt

oE

ajofl o] Hypwd A3 $#A Muir®] spec-
trophotometrict-2 |83} t}. Fe’ 5 %X+ Sample 0.1
ml®l| o-phenanthroline A1 0.4 ml& 43, $F5% 2.5
mI7FA] AA-F 510 nm FA A FFEF SA AT
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(22). AEWS] red EA437] 3 HEEF 6N HCI
S Aol gho] 15~2027F 7hedste] HEWL] H S 8
ofaro g g&:Alzict 1 &5 $A|al 10% hydro-
xylamine hydrochlorides 0.1 ml® *7}ste] Fem' &
Fe'' o2 s RA|7] 5 Al7)ol A{=dt vl es 54319

At oz zelslr] A - 3o HES] M E v|w
3t7) 98, kel AE2 105004 2417 8 F A
ZA(ND-300A, Rigaku goniometer, Tokyo, Japani&
o] &3zl ML Z FHA A}, w3 HAES FA% 3 3
2o |4 BAME vzl E4F EAZI(EDAX 3000,
Horiba, Tokyo, Japan)7| #A2t=lo] 9= FAH A =ha
v| 73 (S-2100, Hitachi, Ibaraki, Japan)-%- o]-&38}ed 43}
=] ot

o %;.’ Ef-—*l Fie #stel] mE G ¢S Ao HAHA
Al HES] B2 M-S A ¥, woF 2Tl #7715
ol At Ao AlsEe] wtartAvh ke g H
A gk GC 4 Aajel ofsiyl LarbAe) FARL
o) Abstek 29} 40190 3, 4vke] viRbolgict. o]@lgl 1
F7 27 AAE 7] A)AksE " 2] Asle) oty
A Mo Mol A o] x)7] A bsta, W) shuk
of WA= gli= HEZo] oF 1.3u) 715F B3e] 3P
A gallo] BAM ez APEgic). vadde] A 3
Azl arhael miAle] AZ|A] oA =Wl T ofAke
Aghelo] o] Foj|A] ergfet. ol2ldh laie] HAL A
x HE2] &tdol zlgizlgic), 112 nljokFeol HES &
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Fig. 1. Effect of pulp density of clay on removal of iron
from a clay.

%“&% Fig. 1o =A] 3}k AAAES HE | -

2455 (26 mg Fe/g clay)e} wjofi ez 855 Fe”’
biﬁ o|-&-slo] Axbalict. A A HEL] F1r}
S 7V akel| wet ® A eHA| asiednt. 10%2} 30% HE-§
Sol M= oF 37%%} 33%2 B AAEE U, 60%F
Lol A= 10%2] oF 30%1 £33t 11%2} 2 AAE
< A}t o] 2} o] HEL] Fiv} 7}1'%}0%1 ujeh ‘%ﬂ*
go| 7Z}48= 7S A5 9lx}e] #7ka &=
e HESFOE ?*47}6’* v 2] £} ﬂ%ﬁwﬁ-—% AL
o] fo|3}x] 7] "W o® AlES. rletet HEE
TR ﬁ*‘ﬁﬂ FA] ¢dod HE FHZE9 ol K
woll A nk e o] op7k AP F Gt WA, 1~2¢%el o
) AT F71H0R slebere HES Eite] Besiw,
gk whEzlesl AR HESe] AAE A2
o)abe] amaigle)w @] e HAsgic). whe}
B el ol dt AHE S22, W
e Ae 278 Hz%g]_ca:lq.

HE ©ades ohedial glucose?t galactoses
HETAY 1~5%(w/w)E 27 AH7lsle] wiefslad &
w} sieFAlZbe]] mE HE2HE 5% Fe 5ot AA
A2 At Fig. 29 Fig. 3). 28 A Z 74,
BioF x| oF 37k M3l S FAFA| grev, WE
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Fig. 2. Time profiles of concentration of reduced iron and
percentages of iron reduction at different glucose concentration.
The cultures were carried out at 20 % clay pulp density. Glu-
cose conccentration (w/w, g sugar/100 g clay). @, 1%; ¥, 2%;
W, 3%, &, 4% A, 5%.
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Fig. 3. Time profiles of concentration of reduced iron at dif-
ferent galactose concentration.

The cultures were carried out at 20 % clay pulp density. Galac-
tose conccentration (w/w, g sugar/100 g clay): @, 1%; ¥, 2%;
W, 3% &, 4%, A, 5%.

& oF 4 Qladeh. Mok 4AAPE YE BHUuigo] B
=]7] ARSI, Glucoses 1~2% 3H7HgE 74-%-oll+= il

oF oF 7474 HE] Akl wkgo| tf o)Ak zleiEA] ¢4
3%, glucoses 4~5% H71RF ZA-le 114 viekE o

7}x] H5le] zlEldu), AAke] 855 - (Fe’™)
2] of3} AHUE-E glucose #H71eke] F71gol wet &
7tateiet, Glucoses 5% H7HS o 2ol 44.2%2] &
-2 U2 = 91t Galactose s H71g 350l = <
o] 29}9] lag phase® MG, A o] 9 AT
F 21385]7] Azl o] 229 743} 3o M7 gE ool u
2} 2~5 mg Fe/g clay®] 2-&oF2] A ¢do] doyir},

olgtrdal maltose®} sucrosed BAhYU-S o]83F A5
HEe] HZ] S-S FAPSledch(Fig. 4) Maltosest
sucrose & glucoses 73t 74 -$-2of niz7 2| &2 27
349 7%k2] lag phases HolF Azkglo] #13i= it vlef
4¢] o|FH-E] uljofA ol w2} S22 Ao Fxrl HAY
Z7F5Fod 2, B8] Hrlgfe] S5 3Hls] A 9
ool F7lelgdct. + AN S AFESl] -2 s A
o] of& Aol FAkgk 3 AU, 5%l 7 B2 oF
2] Hghglo| dofydr},

B 22 glucose, galactose, maltose ' sucroses
H7elS Ao g A& dadeE Al A&
Aol Ao 23R oo Hado] T3 A=}
4*04 A2 ol HEel A=Y Y= daanA]

S AAH @R} oldFE Zlidl Felof giv) el
Lh B o] ARSE HI] EghajofolE oidial
glucose2 722 A7) wjofHeo| & tjd{-5 7ris &
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Fig. 4. Time profiles of concentration of reduced iron at dif-
ferent sugars conccentration.

The cultures were carried out at 20 % clay pulp density. Sugar
concentration (w/w, g sugar/100 g clay). @, 1%; ¥, 2%; B, 3%;

®, 49, M, SP.

T Sl vl Ee] Ao Ex3)R] ¢47] wjfoll AEE uk

adloeg ]%a" el HaATkAE Ao WHAE A

2ster A %E AP A] oo 2 ALz},
B 2 glucose, galactose, maltose % sucroses

1~5% “J:‘Ei HEo] A7} o A E 2 HE] 84O
% 43 Fe'obe 71Eo2 A AAAEE Table
1ol Aelside}. =hd5-<l glucosee}t o]}

2} sucroses H7}El-E- 7 Foll= B4 &

42! maltose
FFoll ATk

Table 1. Comparison of removal ratio of ferric iron from
the clay at different sugars

f— i 1 e o o a2

Substrate conc. Removal ratio (%)
{g/100 g-clay)

2}

Glucose” Galactose” Maltose”  Sucrose
1 10.4 7.9 10.2 10.6
2 15.1 11.8 13.6 20.6
3 20.1 15.4 18.6 22.2
4 39.3 i8R 357 454
5 44.2 15.8 43.6

All cultures were incubated at 20% clay density. “Cultures were
incubated for 11 day. "Cultures were incubated for 21 day.
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ol H7ekel] wel A9 fARE AAEE Vel e
o, Zh7he} ghAlE 5%5 A7 o) 1197F wjoksle]
oF 44~45%2] HNA A7 go] DA Fct. 28], galac-
toses H7HYE A-Folv 229 wolFol AL 15- 18%
Arate] HEZRE Ho| AN, AEe] &
22 el FxAe AR 3)fle] A OPElt]r,L
oA alek(23). HEA ] FE el H3itEe] u=
Fe, 0.2 dejxqlcdl, vIAEel 23t Ho] == A
T+ ferric hydr0x1de(Fe(OH)g)>goeth1te(FeOOH)>
hematite(Fe, 0,2 o5 zl3=m, AAZ Her} B}
= 5 37| 4% ?ﬁh ghs A glei(23). =, &
Edels HEFEo] v|AE &al 713 ol8d& el
hematite2 &2)3}7] wj o] A7 g<) 50%2 Z735}7]
i AR A% (14).

avlE gh4gle] ofy gidx]le] £gAlo R 841
Fe®'2] ofnte] BAAE Fig. 5o LA8}edc}. ebagde] &£
ol FAgle] AulH gt de] ofo] Frhgtel ule} 3}
Axl Ao o] A3 o 2 ZsIA Fig. 59 71&7]
ZRE TE% 100 mole & 311l A2 oFk2 <k 75 mole
o}l 7, o] FH2 sucroses} maltosel_ 100 mole & A
8]& 79 2k 145 moled] 2 & 31417} An]xE g4
Moz giel AL ¢ Al sl EHe BAGle)
100 mole®] BtAr} 12.1~12.8 mole?) %123?& 42 A
o] szt wbHol galactoset> 100 mole™d 40 mole
o] A& ¢ sz, 4% EF4 100 mole % 6.7 mole
ol g AUA7I=d 23 wpebs, B oA AnE
Zx2 g u HE 9H S Hﬁ‘& Haddew ¥¥4 su-
2 Al X}

crose, maltose S-<| A &3} 7]
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Fig. 5. Relationships between metabolized sugar and reduc-
ed iron.
Carbon source: O, glucose; ¥, galactose; @, maltose; </, sucrose.

ROl EA]

X"EEE':’E{ =gt 22
dak] E3befofo]S FePPivl#|ol AE3191-8 i
28 cﬂ FePPil A= B ghnk-go] 3lefsHA
FAo 2 Wl 3, oF wjoF 25H o] AU w7} F
A A Zqe) AHdFo| upFoe R rlel okl &,
FePPi v A]5=2] ferric pyrophosphate”} $3#13] 1]
=) 331311'1;] 15-¢] vivianite(Fe,(PO,), - 8H,0)7} AA =)
=], o] A{AHHE AAdARZ He] 52 FIY
e R ﬁa‘ g ohH(24). B Gl = HEZFE
FePPivl| x| ]| 4 ferric pyrophosphate®] 3ol 2} 3
Aol AAE AYAE 5 2le F T/ o575 2=l
t} = He) &= EA 8N FE2 FePPx-J A vl
2o AR colony e viA| EHie] EEZ31A] AAE
2] edan, iAo g 2R3l Felvke EAle] alsith
22| a5 3 o= IRB-W= 99slgsd|, o] 45
o] HeFH EA 11%” el FAYA e E &
FAdo] sl vk EAl-L ferric pyrophosphate®|
! "B?T colony?} A|Zke| 73 3 gtellule} 253 314
, 37~45C2] 2= $ollA] AAe] 7hssicl. f’~§
E‘?“@’Jr;‘q EA-L catalase A2 oFAdelgl e}, oxidase
A2 Ao}, ety Al e 2 RE] IRB-WE Ba-
cillus sp. = A4 =T o & & 5+ IRB-YE
st=dl, FefEtdel B4 $5A0E 1T &4
Zhaolsiet. o] FF29) colonyw BFFEF ad AL o
gdx AAe] 1~-2mmel W3 ez AAksleic}t, IRB-Y
T 37~41°CA A A 715 31912, catalase A
= 9FA, oxidase A4S S48 Bt} o] I Ps-
eudomonas sp.= 4 =G} o] T T2} wljof-g b
Fo 2 58 E3hsled AR AE3l v'h4%d-S At
= 73 WEZlAE U5 AAdEN oY HAEZRE
H3d2 A A=A ekl
HE A glucose, maltose =2 sucrose2} 22 {2
AbE o) v B0 2|+ Fe® Uk oz 71X 3
o] AHAZE 7kl 0)31A AHE ] v Ee] JE 2He
ol 23} zl&xE= Aoz d=A drh(15). Z71dA
Al WAV AR o8 DR §714 alcohol B 4
7hm FalE, o] A2 oFe] %13]-“{}‘5’] Fe¥rol] Mt
¥ 7] wfFoll HEINkg-2 v|n)3}A APt & Fe™
2 Ay iR ?ﬂ?\]—_‘:‘m &2l v § AlE-o] AL3)E]

b

”N,

O.l

o3
AA

A AR Aot vk2Al (1)3) o] glucose”t o4}
IR %];d% AbEL e o|w] HRlpB-A R o] &5 =
A= A3 =5A Ao A2 2 odeix ok (25).

CeH1 06+ 24Fe +12H,0 — 6HCO;+24Fe* +30HY (1)

o] 23 © Z+ glucose 1 mole™d 24 mole?] Fe*'7} Fe®
= 5 Qo) zeiy, WEAER] Bacillus poly-
myxa+ A& glucose 100 mole®d 41 mole®] Fe*'gto]
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ghlx]el 77, 818 "] oo o] 2= 1.7%0l E-3}s}
9311'—}(26) . B. polymyxar glucose® AF3}sh= Ao
A Fe' = 243} LA 8 A2 o] 83} X3}, glucose
o] F dirfabEe] HAbpE-AE 2H8-81e ethanol, 2,
3-butylene glycol, lactic acid, formic acid % T4 ¥
3 e wEgabE-g AATH(26). e wFFAel
Vibrio sp.2] 7%=, HA ! glucose 100 mole™ o1&
=12] 0.03~0.13% E33F 0.72~3.12 mole®] Fe*'7}
FlEw Zdew ®warsl vl glol(27). wkeb], B oA
A BeEE 7 o 58 HEel HEIed S o UES)
£ A o), HEkgle] A2 zldEA) o8 S
o] FE2 HESY HIIAA A 't ez Arlsh
FHE f7)Ale Y g Essks whEATe]r] WF

o7 %%EJ?-:IE} ‘5‘2, IRB w2 IRB Y i“‘““ *’Ei—‘,‘i

if‘—zrfé PE’L%D}.

g0 ;"‘]33511‘ 714 71384
ol W FAE-2 acetate?} Aol Geobacter metallive-
ducens= acetates o|A S}EIAT A3}t o] A of| A
e HAle] LA R Fe''& o] &8h=(0H-A (2)),
acetate AF3} AP A|F oz dejx Qi (21).

259) £

CH,LCOO +8Fe* +4H,0 — 2HCO +8Fe™+9H" (2)

R, WAl (3)7 Pol $:2:9) AIShe} Tige] AL B
H& 5 Q& dFE5 Pseudomonas sp.(28), Shewane! -
la putrefaciens(29) X BrY(30) %] aFelA i},

I..-l

H,+2Fe™ — 2H"+2Fe* (3)
o2} Ao FrlE) Abstet A Al == ARk

=53 A} EA-S 7ER] o2 Al sl FAA
o2 5= vhgoln), B oAt ERAETE AR
gleg 912 A= 100 moled] AR glucose ¥ 3=

(a) Brightness
90
69.79
63.20 13.49

Whiteness 80

6.11

20
Yellowness

15 Redness Whiteness 80

%2 557

2] o} 75 mole& Bacillus polymyxast Vibrio sp.217}
el Ao oF 1.8~1008) 71 Foh(Fig. 5). o= &t
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Table 2. Comparison of mineral compositions of clay before
and after microbial treatment (the clay was treated at 5 g
glucose/100 g clay)

Weight percentage (%)

Minerals
Before treatment After treatment

Al,O, 42.09 42.41
Si10, 53.28 54.24
K,O 0.50 0.46
CaO 0.15 0.11
TO, 0.18 0.26
Others 3.80 2.09
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