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o444 gtk kA, Brko] FESE ATl S AAE DA Dol ol BAYE
of BeEE T3 Yol S FH % LY 2 9P X/ E HoE wuEL.

Fo0i: #FAALATY, WAL, Seby, FHAE

ABSTRACT : Removal and mineralization of dissolved uranium by bacteria in KURT (KAERI Under-
ground Research Tunnel), Korea Atomic Energy Research Institute (KAERI) was investigated. Two dif-
ferent bacteria, IRB (iron-reducing bacteria) and SRB (sulfate-reducing bacteria) was used, and minerals
formed by these bacteria were characterized by X-ray diffraction (XRD) and scanning electron micro-
scopy (SEM). Compared to uranyl ions, ferric ions were preferentially reduced by IRB, showing that
there is no significant reduction and removal of uranium. However, uranium concentration considerably
decreased by addition of Mn(Il). Results show that a sulfide mineral such as mackinawite (FeS) is
formed by SRB respiration through combination of Fe(Il) and S without manganese sulfide formation.
In the presence of Mn(Il), however, uranium is removed effectively, suggesting that the sorption and
incorporation of uranium could be affected by Mn(ll) onto the sulide minerals.
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Table 1. Media components for the iron-reducing
bacteria

Reagent g/L
NaHCOs3 2.5
CaCl, * 2H,0 0.08
NH,4Cl 1.0
MgCl, - 6H,0 0.2
NaCl 10
HEPEs 7.2
Yeast Extract (Difco) 0.5
Trace minerals 10 (mL/L)
Vitamins 1 (mL/L)

Table 2. Compositions of ‘Trace Minerals’ in
Table 1

A AT Y= o §EFHE AA 2 FE3 54

Table 3. Compositions of ‘Vitamin’ in Table 1

Reagent g (or mL)/L
Biotin 0.02
Folic acid 0.02
B6 (pyridoxine) HCI 0.1
BI1 (thiamine) HCI 0.05
B2 (riboflavin) 0.05
Nicotinic acid (niacin) 0.05
Pantothenic acid 0.05
B12 (cyanobalamine) crystalline 0.001
PABA (P-aminobenzoic acid) 0.05
Lipoic acid (thioctic) 0.05

Reagent mg/L
Nitrilotriacetic acid 1,500
FeCl, - 4H,O 200
MgCl, - 6H,O 100
Na,WO; - 2H,0 20
MnCl, - 4H,0O 100
CoCl; - 6H,O 100
CaCl, - 2H,O 1,000
ZnCl, 50
CuCl; - 2H,O 2
H;BO;

Sodium molybdate 10
NaCl 1,000
Na,SeOs3 17
NiCl; - 6H,O 24

Fe(Ill)-citrate (4 mM)Z F712 YWolFdoh. 3
dedute gole] Aol & 49 VMR A&
Z47] 290 Axsto] YolFled], 1 o
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Table 4. Media components for the sulfate-reducing bacteria

Component |

Component 1T

Component Il

Deionized water 400 mL
MgSO4 2.0 g

Sodium citrate 5.0 g
CaSO,; 1.0 g

NHA4C1 1.0 g

Deionized water 200 mL
K,HPO4 0.5 g

Deionized water 400 mL
Sodium lactate 3.5 g
Yeast extract 1.0 g

O 2 (Control) A EE FHIEIPoH, 21 7Y
A Z0l A E(100C oAl A 3087 71E)o] o] &
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SHEEE U7] 98] SEM (Hitach, S-4700)3F
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&3t o] 259 FE WIE ¢V Hs HEHH
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Fig. 1. Serum bottles of iron-reducing bacteria
(IRB). (a) Mn-IRB, (b) IRB, and (c) Control.
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Fig. 2. (a) Variation of Fe concentrations during
IRB bioreduction. (b) Removal trends of uranium
and manganese ions during IRB bioreduction.

FH9] #8753 A ihgste A g2 74
o] ATH(Liu et al., 2001; Lee and Beveridge, 2001).
Hol 52 7| EH o2 vAEHe] gk 93] v
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Fig. 3. (a) Serum bottles of sulfate-reducing bac-
teria (SRB) showing Mn-SRB (a-1), SRB (a-2),
and Control (a-3). (b) Enlarged view of SRB
precipitates.
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Lewis et al., 2005).
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Fig. 4. XRD patterns of (a) SRB precipitates and
(b) Mn-SRB precipitates. Arrows indicate main
peaks of mackinawite.
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Fig. 5. (a) Variation of ferrous iron concentrations
during SRB bioreduction. (b) Removal trends of
uranium and manganese ions during SRB biore-
duction.
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Fig. 6. SEM photomicrograph image and EDS
diagram for the mackinawite precipitated from Mn-
SRB bioreduction. Arrows indicate Mn component.
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