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The Efficiency of Bioleaching Rates for Valuable Metal Ions from the Mine
Waste Ore using the Adapted Indigenous Acidophilic Bacteria with Cu Ion

Bong-Ju Kim * Dae-Woong Wi * Nag-Choul Choi - Cheon-Young Park*
Dept. of Energy and Resource Engineering, Chosun University, Kwang-ju, Korea

ABSTRACT

This study was carried out to leach valuable metal ions from the mine waste ore using the adapted indigenous bacteria. In
order to tolerance the heavy metals, the indigenous bacteria were repeatedly subcultured in the adaptation-medium
containing CuSO, * 5H,O for 3 weeks and 6 weeks, respectively. As the adaptation experiment processed, the pH was
rapidly decrease in the adaptation-medium of 6 weeks more than the 3 weeks. The result of bioleaching with the adapted
bacteria for 42 days, the pH value of leaching-medium in the 3 weeks tend to increased, whereas the pH of the 6 weeks
decreased. In decreasing the pH value in the adaptation-medium and in the leaching-medium, it was identified that the
indigenous bacteria were adapted Cu?" the ion and the mine waste ores. The contents of Cu, Fe and Zn in the leaching
solution were usually higher leached in 6 weeks than 3 weeks due to the adaptation. Considering the bioleaching rates of
Cu, Fe and Zn from these leaching solutions, the highest increasing the efficiency metal ion were found to be Fe.
Accordingly, it is expected that the more valuable element ions can be leached out from the any mine waste, if the adapted
bacteria with heavy metals will apply in future bioleaching experiments.
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Zol= 3ol e (selection)F] 2l &-3-(adaptation) SFH
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E9| 23l |UR]L-S FAlo| H7FsEA|YH(Tuovinen et al.,
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(2009), Han et al.2010)°] 2J3}] Y=o T54
olo g EFE|Eols T30 ASAA S=8&
< PPk AT s S(2011)°] USEE of
2] w)zlsiet.

2 A7 S B FF sl A8 ERsAH
He|gols AHste] Sl W ]
Tad ol FUHeR 2 % AAS s A
¥ HHEEjolE ol83ste

ayHoE A7 Po}‘}i‘:‘r.

2. AERIZ], HSAE, SaME ¥ By

2.1. EEHHE|2[of & 915} H|2HA iH$I

AslEFA o= RE fEadols Ao E 34
7171 15t Aspgrhilaol /\1*‘ shke ExPEE|2jolE Al
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AFEIACHEISE AstHEA). ol HBHLS FaErket
23 U2 7] | mmE FHSICE =3 4AE-E9]
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o X7kt Auidsint. B2 o] AMst HeHg
Hell= CuSOy - SH,07F 22 83liAZ . o= HHelefo}
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2, 24 holepllA] 55 o] 83l Ealgh ¥, AATHEZ
7](atomic absorption spectrophotometer. model; AA-
7000, Shimadzu)2 #2181}, 21&-AlFd, 8%y
9] pH(Horiba, Japan)?} Eh(TOA RM-12P)2 =73}
o} vtejohs A3l 10 miE 0.2 um A= o
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A3} FAS wrpAZAvE o R BEASE At AFEA
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Fig. 1. Reflected photomicrograph of ore specimen from the
Younhwa abandonded mine waste (magnification x 100). Ch;
chalcopyrite, Pyr; pyrrhotite, Sp; sphalerite.
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o] HYP=)= 379} 6572 7] pHe ke 21831
2.8282 22t A3, pH 40l 2710l & M =3
31T 5¢ 10g 2 25¢9] CuSO, - 5H,00] 8319 3%
Z&afFee] pHe BHEEoprt 4373t wet BlaE] A
A3 ZAastdeh. ey 6+ A&l pHe Wik
W=A stk 357 AS-adde] 27] pHe BT
2.6201R 04 2o = ZZ; 2.18(5 g/L), 2.34(10 g/L),
232025 gL)E ZAsiaint. 67 A8Hldde 2| B
T 2.6289.01} 229 22t 1.65(5 g), 1.64(10 g), 1.73
(25 9= AT 37 2 67 A HEA] pH A
© CuSOy * SH,09 F7Fge] B& o § =24 743}
k. ol¢k 2o A= CuSO, - SH,08] H7bEo] o
W EES Cu*t o]o] HH|gollA] 540 A5t
A7) Wit o= AlsHET &, AEES] Cu?t o9
o3l welgjote] tirlEEel] e o} AlslekEo] =
A doUA Har 0|2 Ialste] pH 747t Ax8]
ol Ao ALRHL. Fig 3 67 2$-43o] g9
0D HL%d 10ml(42Y)S AHAE o]H}ate]
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Fig. 2. The evolution of pH in the adaptation-medium containing
CuSO, * 5SH,0O (5 g/L(a), 10 g/L(b) 25 g/L(c)) with Younhwa
bacteria. @; 3 weeks, l; 6 weeks.

|3ll=lo] QlojA 42¢ F9t arEEe] o]o] HAJo=E Z}
B3ls Zloltt. 12y o] A% Eslal Fig.
39 o] FES HElgolse] #EEITRE A2 Cu™
o]0 oj= Hx Aol FFEUSS sk Zo=
AZFecH(Rawlings and Kusno, 1994).

3.3. O|4EEE0] 2|8t pH 24 #Hst

Cu* ol2e] 379} 67 Bt 28¥ Hhgels Ash
32075 ¢g/L, 1.5gL, 3.75gL)el 42 FESGom,
429 Bt BEEE0] doUES 32°CE AT
429 Fete] pH W3l Fig. 49 YeRTh 28 35 |t
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Fig. 3. SEM image of indigenous bacterial layer on the filter
paper from the adaptation-medium. These bacteria have been
adapted in the adaptation-medium for 42 days with CuSO,*5H,O
of 5 g/L(a), 10 g/L(b) and 25 g/L(c), respectively. The scale bar is
10.0 um (a, b and ¢) in length.
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Fig. 4. The evolution of pH in the leaching-medium with
Younwha mine waste ore (a; 0.75 g/L, b; 1.5 g/L, c; 3.75 g/L).
The bioleaching experiments were carried out by using the

adapted bacteria with CuSO, + 5H,O for 3 weeks (@), 6 weeks
(H) and control (O), respectively.

oJsled o 2ol pHZt 7. FAel 23k S

o] 2kaof ofsl| F717 slskakgo] Jojupr Aol o]

2]E]7] witolnt. thae] ZHAQ] A8 02 ko)

2o0] AlE= B2 T3 Zth(Mousavi et al., 2005).
CuFeS, + 0,+4H" — Cu®"+ Fe*"+28°+ 2H,0

pIVE 7hStE E ThE 691 B4 Alololr] Uofut

= galvanic 98- wFolt}, AX|Zt ZJol7} thE FHE
o] &gl E3t=o] o Anh A (galvanic
celly} FAETE FAHGo] e FAEHES F2lo] o
ofu} F&o] BallE]ar HAxSte] B4 M= 4
A7t £ FEn). oju] FAolo] ARIET] e
pH7} Z7}3kH(Attia and El-Zeky, 1990a).

41‘14r + 02 +4e — 2H20

2 AstHPAele ARREAe] iR Ald Bol
AEETHFig. 1), wEA AR g ARFE Aol &
Z i gAelA FF(anode)o 2 83kl FEAlolut A
o485 (cathode)Z 2831912 Zo|th(Ahonen et
al, 1986). 1 EZ AFAA FHAA F?7t &5
FEHolut Hotkda M H07F AEEUS Aelok
(Mehta and Murr, 1982, 1983; Natarajan and Iwasaki,
1983; Ballester et al., 1989). A-8- 95 He|g|olo] 2]t
S HFAS] pHES 27] pH 4 °IF SVt B
H3ou 854% Wide AadTeE Jepth &
=47 270l pH7F adhe A1 HHEEolel] ofsie
n &S ARskgo] SAsAl dojubr] wiiEelnt. o]
< A& HEgole] SFo= <8l FsgEe] 23t
Hol U 4 o] AislE o] gHito] A7) oot
(Attia and El-Zeky, 1990a).

25°+30,+ 2H,0 — bacteria = 2H,S0,

Wb 6% AS ureleiole] sy AR Asiag
o] $Alak Yolfar Ed Zullekgo] FAle] Lolsk
Aolet. wep Zuh] whgo] doldriwl, Al
© ARHY EROE Be go) Pt WEENS
oli oz §ahe FEHol Aol Erol]

Hojzo e ool cut zn olgo] §EHUS
oJct.

L orr o WE e

34. H3guo| e S&E Hst 3 gt

Cu?* ool 23 35H "elgolel 28 & ¥ v
oS AslEdAdl 77 HFFdlal nAE-E=e] ol
U= 29 B9t Cu FS gz Jepic) 2
ez 39 (o2 JeEPthFig. Sa). 35 28 1)
gzlololl olale] At FA 0.75¢/L, 1.5g/L B 3.75g/
LogXRE 28 HH Cu FHFS 247 5416 mg/,
7439 mg/l, 132.33 mg/lo]Att. B4 Hrbeko] Frlshd
Cud] VAE 8&%o] S7RITh 183 67 28 Uil
ol oJalM] 8FH Cu Hit T 717} 67.76 mg/l,
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Fig. 5. The variation of Cu concentration in the leaching-medium
with Younwha mine waste ore (a; 0.75 g/L, b; 1.5g/L, ¢; 3.75 g/
L). The bioleaching experiments were carried out by using the
adapted bacteria with CuSo, * 5H,O for 3 weeks (@), 6 weeks
(H) and control (O), respectively.
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31%, 7% IR, FS 33 2 H3 65 ol
ofsle] §EH Cu S FATHCZ JERItKFig. 6).
0.75 g/Le] Al FAollA 85F Cu T Ae 37
wE2jololl A 758.28 mg/l, A3 65 HHelg]olollA 948.58
mg/lo]T}. 1.5 /L] FF o2 RE 855 Cu T
2 350lA 104138 mg/l, B8 6514 1537.99 mg/l
o]t 3.75 g/Le] FAHo=RE] £ Cu T2 48
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Fig. 6. The variation of concentration in the leaching-medium
with Younwha mine waste ore (a; 0.75 g/L, b; 1.5g/L, ¢; 3.75 g/
L). The bioleaching experiments were carried out by using the
adapted bacteria with CuSo, + SH,O for 3 weeks (@), 6 weeks
(H) and control (O), respectively.

R 199249 mg/lo] Gk, B HNE, S B F
=7t 7k §EEe Cu o] 8 357 2 A8 6
F BFM ST AS 378 A8 67 AlolellA
B8 Po] 159 HBAoNA 3220%Z 7P =4
ERsT

218 37t A8 67 HElgolel s dsfHgAeR
859 Fe IS Ioiagiz=E JepdckFig. 7)
075 g/Le] HBHo2RE 5% Fe HHTHFE 2L 3
ZF aleg]olollA] 88.76 mg/lo]RL & 65914 201.30
mg/lo]th. 1.5 g/Le] HEM o 2HE 8E% Fe e
28 35004 40.63 mg/lolAL ZE 6FolM= 223.20
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Fig. 7. The variation of Zn concentration in the leaching-medium
with Younwha mine waste ore (a; 0.75 g/L, b; 1.5g/L, ¢; 3.75 g/
L). The bioleaching experiments were carried out by using the
adapted bacteria with CuSo, * 5H,O for 3 weeks (@), 6 weeks
(H) and control (O), respectively.

mg/PIGT}. 3.75 g/Lo] HPHoERE 859 Fe TFS
g 35004 33.10 mg/lo] R A-g 650l A 25238
mg/lo|Ath. BHEETt TV AE 37004 8EF Fe
e TASIAARE A8 e7olM= ST oleh 2
< 8= e 1A 2ERgo] AE 3FlA 2 o
ofal A& 6FolM= AESH slalzkgo] Al d
ofit7] WEQl Aog AlgErh 429 F9F 859 Fe
FS A Z YERItHFig. 6). 0.75 g/L] Ao
Al A8 35 BtElgotel] oJsiA &F¥ Fe TS
1242.63 mg/lo|SaL 218 6 HE|Ejolol] oJair 8=F
Fe= 2818.18 mg/I°]3t}. 1.5 g/Le] HgHogRE 8=

H Fe & A& 3704 568.82 mg/lo|HaL 2§
ol A 3124.79 mg/lo]Jt}. 3.75 g/Le] Ao 2 HE
=% Fex 213 35700A 463.38 mg/lo] AW 2
dhg|gjolel| e 3,533.37 mg/lolAL). &3 359t FS 6
T Alolo) 828 S 0.75 glolA 55.91%, 1.5 g/L
o] HFAollA 81.80%, 3.75 g/LAIME 86.89%F LIERL
t}. Fe 8=%o] 23 353 HU} F$ 65 hElololA
=7 8E5I90t) ol9} 2 857 I F A 89
o7 e ¢ k. 41 Cu o)Ll F3H Hielgjop)
ofsl AESHA AkslaRgo] sl Z=7] wiolct,
T shve Zupakgel] oJgh Axjolrt. AJE3HA Llsla)
o] A A= T F e A= 65 HElEor
£ AHES B =g pHt 85 FREFOIA 2
2 Ao R UERLY] wiiEo|th(Fig. 4). AFE Aol EF
o EEdAelA, F714 dup] wkgo] AlEHA 4
ofuh=s Ag 3FlA Hoh AESH AkslRRea} Zhp
HEgo] Ale dofuhs A& 670llA B ] Fert
|EH 7] et 53] ARl e AFEA T
AARAYe] w2 FFH 52 AofdMo] Bl
A ME FJEshe AT, ARENS dFoE AEsto
AN FHOA Fe?t o]Lo] BAlFo] SEE 1 =
o7 Agske Aol Mol FHoXE H07t
A3=]7] witol] Cu o]0t} Zn o]o] iz oz A
A &ZF(Malouf and Prater, 1961; Hiskey and
Wadsworth, 1975).

Zn ©]2L R AS 67 HElglold] SJaix 8=y
AL G 3FolXE dif BEASE Yeigth 859
Zn s A FEoE Ve 23 2SS 67 #H1BY
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B H

2 Aol o83t At B shdulE ol tisied
16S rRNA G71MES E448}e] ATCC(American Type
Culture collection) 5% Acidothiobacillus ferroo-
xidans 232705} Blmd A2} SAM (similarity)©] 97.59~
97.90% °leZ Ut (He= 5, 2011). LubHos
wEljote] fFAMIO] 97% ol dold 7 F(species) o=
158} (Stackebrandt and Goebel, 1994) webrs] & &
S0 o83 ExpEejols SshiES ABIAIA
|EE0leS A1 v SAMHHERol)E BRI
st EZpEElop) Cu*t oo WS 7 ¢ Q)
S5 CuSO; - SHO7} 8318 H-&-ajddoll 35 F7]
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Schrenk et al., 1998; Mielke et al., 2003). 2334k
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et al, 1950; Dugan et al., 1970; Miller et al., 1987;
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54 Tagoled Aol 3B th(Tuovinen et al,
1971; Das et al., 1997, 1998; Shi and Fang, 2004).
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