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The Effect of Peptone and Tryptic Soy Broth (TSB) on Uranium Bioleaching
Efficiency
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Abstract: One of the main challenges in uranium bioleaching process is events related to
improvement, acceleration and enhancement of the extraction. One of them is to provide a favorable
environment and biological conditions for Acidithiobacillus ferrooxidans. While, the nutrients of bacteria
medium have a significant impact on the activity and growth of bacteria, in the present study, two
selective culture mediums were used in uranium bioleaching process at pulp densities of 2.5 and 12.5 %.
The media are containing the usual 9k and enriched 9k medium with peptone and TSB (Tryptic Soy
Broth). The uranium bioleaching process using the selective 2 media with different pulp densities were
performed under optimum conditions. The results indicated that the uranium extraction at 2.5% pulp
density, using the 9k-New medium and 9k medium, have carried out during 2 and 3 days, respectively. In
addition, at 12.5 % pulp density, the total uranium in the ore was extracted during 3 and 7 days using the
9k-New and 9k media, respectively. Eh variations showed that the Eh in the 9k-New medium in
compared with the 9k medium were increased 13-22%. According to the results obtained in this study, it
is concluded that the use of nutrients such as peptone and TSB have significant impacts on the activity of
bacteria and also the speed of uranium extraction. Thus, the optimization of the 9k medium using
peptone and TSB is recommended for the uranium bioleaching process.

Keywords: Bioleaching, Uranium, Peptone, Tryptic Soy Broth, Acidithiobacillus Ferrooxidans

*Email: ffatemi@aeoi.org.ir AVVIYO e iy b AP/ dlie 3L os b
ay



o535 2 (TSB) &y s s Sz 5 5 052 56 o

4 Jglomel 235 F gl 5 ST Gk oSS T
I] 55 on gl pmed &K 31 5 S J e (3 % 13l
U(IV) + YFe(III) — U(VI) + YFe(II) )
Wi iy 4 bap el sl IS

Lo 53 oalial 5y LSS il (0 sds Al
b by gbadls I lw s cwl 8L cas
S James 5l 5 cpl planil ) shite & oty (o s s B
CiS Loe (S Lasee Cpl el 0k oslizul s laze 4K
53 Sl oSl sy Al ALl 50 2,58 5 sene
o] § S &S azals bl [£] 0L 5 Bl (glanillas
Osi 035 6lsl 4 o SRDSMY OfebenST5 5 o sloasls o
ol o3ls O sl e Gl Sl gam S s
e onl o 53 SN ) leST L ST Oy po
SMie & cl @il Il FOYL b OY4S I gdae
Oen 5 o8 SlanleiT e 4l (slab>Se L6
Sy 5 IbeaSTy 5 o plocsls i (silcsl (6 7S b sl 55 55 [V]
20T 51 Llosls OLis 1) golie (sloams 4wl jty (gdis
gle o bodle o Sees S bl (gl o
ol ol 2 ol gt 53 gy 0pt 5l el 9,0l 26,
53l (gas s Aol gdin CAST Lame Sl eslinal
235 AL S (LBl gl a5 edd el 35

503528 (3l ) prtel ams

by 95930 .Y

odlatwl 3590 (S gw V.Y

OS5 8 o sl s (sl p 32 S FSL 51 sy opl oo
el 63;; Saadar 3l g g Gags o & FIY
[/\] Lo eslaal S ol U;L.»LJ/ 9 LS)L”‘A’

by Slgo Y.¥
Lioe 5L 5500 lge Jols eslizal 3,50 slasd lge alas
3 s 5 S sk e bl i (S
CS o 5 05,8 Y Slo BS s 4y oS e oS s

a¥

doJio .
od Laim Ol 53 45 Y —ar )3 5 b e Slaldne K
Ll JalE w gy el oy YL gLl s 4 (il
omb ke b gbodas I (S5 el Ole ol s
CEL5L Sk pl gl ol ol el a4 5505 3 g
S eslaxal L Jg;vf Sodas opl Gl gl ol aal
S B T L e N Y T TIR
s @ 0 4 0950 (Jamals§ Sla) 0 5 0L5 Gasle s
o Ba) onFoielae 5 e 5 KOl 4 65T B
a ol ml gl b Oyl bl ol el R b alie s
Sl o ol cn i 5 el 0ds 3 8 k5 s glass i)
b slenST Glaodne I sl ol puial (saie) 53 SOISLe o
aas o fals Cel gy opl Sl i sl gy S eslazal
A el Jaoean sl ST 5 () 4l Ol
Sge 0353 O3 Vsons 5 oMo Ll 5 Cod e il b
S g g 5 olizl 35 pal [Y V] 355 o plonil o g Lomc
S opsas 4 bOdas Sl sl gl V) desd o
4 ¢l Azéjf)\} a5 3590 dad g 5 2T (Gol (GO
Wl ol b 0d s BN g ks Al Al S
ST fmesd (o) bz g se gabauls 4 Adlgw 5 T
W sl ge S oa ol 6Ky il g 5 53 AT W5 o
5 005l €650 ¢SS (e le a3l J omal ] g ol
w53 5 03,5 Jdd Sl Ul &S 6 OlWsw 4 |, L
L] L8 o i3, 50 56 )l Eoy

05 S S Vol 8 bl (gl S
s ol (JT Ol et 5 Sl (i
555 5 T JRlST 1S Cul e SL o jaslis
Wip e s S e elimel s @S b lp
st [V] 258 00 ealinal (ilysl o sds Bl
slge s PH 1 1 ols Ll s WSS Sl Sk o=l
Syee A1 Sl (ST 63 ST s O5ST ldde (g
Aol p b oaaly s [O-Y] Sl s 6 STL g4 g sl
2 sn ilogl 45 s Oledl Ol g o @il (g 585 Al
sy 53 oS Sl gl 5 (2B F Dy 4 Kt



YAV AP (glatnn o}:é_g(a}kr— (Sdloea

O ks A (6, S o3Il Cilibee 08 Lases 93 > =
Jhe COoy50n) s EN 5 e pH o&ews Loy EN 5 pH
03l b iyl gl il e s (6,8 0510 ATV a2
Li (6,8 051wl (ICP) L@l (godd i slewdly ¢SS5
sl SMEe S ojl sk 4 &l by oY
Loy ootd adls p g 1 ol o Vo diljg) ol gl A
G4 5 3558 e 3 00 Ol c03,S5n + )Y 3l ) eslizal
3 ealital b ot 42313 5 oo o ol 43 8 15 (5 e

A Ol T 31 gole CiS Lases

ST Julos 1Y
03031 5 SPSS )lJ'.'e|(=j3 S eslaad b esls w slals s
Glghe LIl ol 5l eslimel L as s ANOVA
Gols gme sl Ol gie 4P <000 5 aclos claosls @ gl e

.\..zazsjfjb):

S 9 aadly ¥

PH 695 » cuis” Lazxe (Gke 3gn F11.YF

o5 5 O 0355 Sb Gedasilis ¥ ) gl S
Sdf‘bm.mpH oy 2 K CiS Lo a4y Sl s (G
Lo 53 PH Sl Ly) 358 00 oalin ¥ ) sla S5
WO 5 Y0 el J&s 55 Ldx 8K 5 4K slacis
e sl (slasy 53 48T Sy g pils ol e s &5 Aoy
Ly iRy CJ‘.'.‘ 9D ok gw\w@jbﬁ).\ pH
SRl Lsy ol e Do 4 ST Gl 45 5 (Sl
5 2o LpH Lyl i o oK (P < 4 0) ol wils
o oS 5kn 65 bl o P OT 0as bl
Sl s g SV (O ST A8 gy S

DIV ien Al (G0 o s 5 i oo & AT

Fe" +EH,O+%O, S Fe(OH), +YH" (1)

Y

a0

£ )

& . T . /a -
(F))ﬁg;l’:é \ij& )\ Q‘ LS"“‘\"J"’& 64','.".’. 9 (wwxj}v)‘.w

Sl >

Cals” fao 1Y
sbubsT 5 & Cwl o @Gk CiS Lo
Gokias LS (gl o sd oo ealizal OT 31 osdis Sl
KHPO; 5 0 (NHYSOs 5 ¥ i uls Laome
05 ) KCL S ) (MGSORYHO 5 0
T 23 &K s FeSOrVHYO ¢ 5 ¥+ 5 Ca(NOp).FHO
©odd S S lass S 5 SOT s 4 .Sl i
5l E sk Hlastl 5o (BT ke sl ge Lilg i o leS
Loe 53 (ol ol Slew i8S L ol s Jobe chale
G St 5 0§ (bbb (L 8K) w8
S 5 5 Ogm e bale s 035531 AK St L 4 Sl
L) o5 23 55 0 B0 5010 7 ook Sl Bl 6 5
@Rl (Rl Ol b hegh cpl 0o
S8 e 4 Bl 5 g St 5 5 055 035 31 5T (il

Al PP A

o8l 2989 Biws) GBS bT £.Y
Sso g ookd SBIl die sl Sl e skl 4
bl Gebsl $ 7S 3 Slas 5 @il (05 Al
3 VO sl 55 (bl G bl (OhsTy 8
Loy dele ¥ JlsT oilysl SKedlS 5oy doys VY0
2 dske VO CLEE L il gale do)s Ve a1
Loee 5 AK LS Lamme caodlot j5b 4 [4] Ao plasil 2 A
(et i (GilwosleT (W AK) (gdin g0 (glyls CuiS
G5 9 PH Y (g (G 53 YO ples Ll 5 55 e s
Slhil s sl ol ias 8L S0 rpm ojes

s 1SS LY 5 plonil (g S e Yo

091 (2859 B I (593 3 Shho Slgo Wil b5 0.Y
oo g Dl Gse S s Osm AU en Sy
BE] c).léj:)}n 6;§L J)ga.; E) v.:ﬁb)\ u.i}.&)_)&s;ﬁﬁ)

oIl e 5 BN pH Ok Ol aele YF o JI s



635 2 (TSB) &ty (6.9 6K 5 5 052 5T s 2

a
L/
O ekl (Gauslis oD 4 .l (5L Sl (godas(lis
das g 0L Ao p3 VY0 5 V0 slaldl J&s 4 by e pH
YU Jsl ey 3 PH ldae (110) YU LI J&s s oS

A I sl s ol S G 53 Sl ails il Bl

Wl VYO (YD) 5y

Eh 59 » cis tusme G0k 3lga FIV.Y
30 Sl J&a 55 sl g shs Bl sl T
CiS b 5 K CiS b ) oeslizal L Aoy VY0
b gdre 3lge j gl 53 Eh Hlude o5 sl Olid was 4K
IS 55 S 6 S0k (sl O jlaze AK 2287 Jass 31 5t
K gods & CiS Lamee j3 ED Hliie Conl ol asls QLY
g YFA 51555 ) CbE 1 e o yn YO L JES L
S 03 ol (P 00) Sl 03 S Iy ol 31 S g s OAF @
FYe 0 s e YA 1K CiS Lases p3 BN ldis &7 ol
o3 WO I J&s b ool 5l odewy g s
Ak i8S Lsws 53 Eh Hldie o8 Col OT 31 (Sl bazes
03 (F U)ol oy 5 Jon OVA @ 555 ¥ 51 ey bl
s03p Sy s FIV QK S8 Loss (o 5 0T Hldie oS7 Jl
3055 (P<00) ol ot (o LS Lama 1 308 5l
03 eleT s 4 (slaamns L wlie oo « [7] O
LOT laams 8 o jopds landl Coaws Lol= iagh
2 Sl (Gaw ég.::.y_j 9 O S esliwwl &8 das o Ol
OlebeeST3 3 sl g (Sdewsl § 7Sy (polaist] LAST Lo
old o )3 YO B YAF Ol 4y a1 (5luSTT il Sl
R

9 92 OAT oelST ALl 3 Ly godmslis ¥ STl
Eh Jlide L2l ol ol & ol &5 5 T 4 0T s
SlST Ol S5 a oS CiE 015 o 4o 53 dd dal
Sl anl 2l ol Olas 4 BN jlude cs5d 5 i ol
el Sl 5 e ) A

M85 3 sy (g
>fFe™ +YH O ()

fFe” +O, +fH"

a5

pH

4y K

~ff=

\ Y s ¥

(39) o3
35 0L g i ak K] Ak clacss L. pH o sabaly A Jﬁ
oo 1 ool Gams goiaslis %' Cudle o s VO L J&s
shils S Cal AK & Cd W K iST L PH Ol uw (g)WT

(P<e00) Sl Sls sime M|

w4 4K

==

pH

\0e T T T T T |
\ Y v f o 4 v A

(390) Ol

BE QLA) K] t-»\.:-»\> ﬁk 9 ﬁk Lgh;,.:f Je._:u pH O 64.]9{‘) .f J&’.’;
el 31 ool s (godiasilis "#' e ooy VY0 L J&s
shils S Cwl AK & Cd W K CiST L PH Ol uw (g)LT

(P< 0 0) ol Sl sime (oMt

23 PH 2als 0] Sl gl tass Gb o opires

5 4 gt g glasl g g s p Al 5 55 ST sl
bl S beg 38 S Gd sl LS
Sl @2 oo 51 ST ol ool OeeST3 5 sl o
5 ol Lls ol s 8 Cal Ll gl Ll s
3phen ool Bzl ol o3 S LuST 588
PH als o8 cils Oledl Oy oo IS b o [VY]



\YAY AP (glazun o}:é_g(a}kr— Sales

Cep g olMEe (89 § CubS e (Sdke dge WG T
1591 1 il
5 ol (ol odalie BB F 50 b ISKo 55 S S 0kes

A K 5 K S iS dame 3 wilsl g Sl e
S Laes 53 o3 Y0 b JKs 3 el Sslie Hlw
JlS s 4555 ¥ S Sl g K 53 3. 5o oilys) 8K
K CiS e 55 a5 Jb= 5 (ol 0l gl A (QERVA)
S b dlaly 55 0 JS8) ey o 55 Y 4 0L ol Lk
K S Lases 53 45T Wsls Ol biasm Ao )s VY0 L
23 Sl el 5 OeaSTg 8 prsbiosly s (o] S ider
R AL Py PP PR PRV TF) JUNPRpS
(8 IS8 ds s 555V a Olej opl OK CiST Lames 3 s
Sse &8l OT 51 (Sl bt leT ol 5l odeT Sz & s
3 Shes G35 i 4K i Lamma )3 o3lizul 5 g0 (sdke
S S5 00 Fsn sl @Sl Zl Al S 5 ST
ol a2ils (S0l (o gh g Bl Al B (S 9) p e
Gl ileT I ol slhans & Cul ms 5 4 p3Y
S SERACIP A VRTIEf u‘“i"' 23 sl (2 s Al
Sl Y 0l Se I J&s (5150 L &S s o 0L
S el OT ol ol sl o 5 b ol ] el
25 6 Ak L ol GaIA st I JEa i
Cel a3 &5 ol ilysl (g ads pla dulp 0L
commen D] 558 wilsl Zl el Ol 04 5 SV b
Ol 28 clas sSTL sl b Ol o 1y b J&s 2l
> GoAS 3 gdome (Jshe 53 G Sy £l Sl
Sldshe o 5 5 ST 63 S WS 4 S
I s cails b e KlolS O3 Ly g S
D a5 M5 G O3S (oo JUEI Ol 508 ladl
i YU gladl J&s 55 S Il s ol dslaze OT
o OT Jsl (b ot A g5 058l Hldie 51 5L 5550 O 50|

DWV-10] ol i c_u};\f

v

700

bbe

Eh (cd9 )

foo

i == ak

) v v ¥
(399) Vo3

53 0l s et K 5 AK laciS Lo BN oy galal, ¥ IS5

el 3 ool et (godtasOlEs ' Cudhe s VO L J&s

sty &8 ol K 4 s bds 4K CiS bms ER Ol s g LT

(P2 0) ol Sl gime (ot

Foo

bbo -

Eh (cd9 )

(390) Ol

BL) QLA) 5 bl ak 9 ak L;\Ag;.&f .]a..»:u Eh B L;Ak!b £ Jg
el 31 ool s (godiasilis "#' e ooy VY0 L J&s
Ghls &8 Cul 4K 4 Cows Wi 3K a8 b Eh Ol s (g LT

(P<2 2 0) ol Sl gimn S

@i s S RLT S ele] s 4 ladons

GRIA L Cad e ) S0L Ryl 3 sl
95 opl 955 o F A 58 (.._.Sl)j\ C\jéu.,w\ os5L Eh s
Glams K5 G Sl s sasiis sala L bl
Eh jlude 23l LS das o OWSED spH ol o 51 ol
b oams ol 555 e edalie PH I 53 2alS Ly, &
LY OLKes 5 sy Lwg skeT Cows 4 slaens
3 ISy b osbalipd sl ng S 51 ool

..\..'Jb@yr.a:ﬁ.\;'cb\’éb}j&nc)lf



o535 2 (TSB) &y s s Sz 5 5 052 56 o

)
G domi £

@b sl S hlST ekl s 4 Glaans b
WO 5 Y0 slacdl J&s 3 p wele ¥ JbogsT oKenpls”
3 OS5 o slowoly g (ouliwel (6 ST ) 3Ll | s )
Lo 55 gdin 5lgn 5 eslizal 87 5 5w 015 o O
bls olysl (g s B3 Lulp 53 gl ST Ak i8S
5 O S eslamal &8 ol Ol Jiass ol laasl .ol
A S L 53 (gdie Slse Olgie 4 Dl G Sty 5
&5 Olge 4 b AT GhLST ]85 ol ]t s e
2 sl oS ol gl oS RO N P
o3lizal L ¢l sl Kl Ao p3 VYD 5 Y0 sla Il J&s
boee Cod & 55 ¥ 5 ) (5 4 L AK LIS Lo
S Eh luae O eR sl ol (ab,u'\ S5 Ak cus
Loe j3 sl 6 5SU g T 2luST Unl b (godiasilis
YY B o O ylate AK CiST dases S 4 o AK 2iS7

el @Bl 3 A s

Lol 2
1. Microorganisms
2. Acidithiobacillus Ferrooxidans
3. Sartorius
4. Millipore
5. P-Value

aA

w91 gl Pkl Aoy

| Y ¥ v
(399) Obe3

L 1 oslizal b doys Y0 b & s wilsl 2l el 0 S

Do 51 Jeol (st (ol Olis ' Cedle b AK 5 8K slacis

Sl WK 4 Cs Ll WK S b o sl gl Al ol

(P<00) sl Sl gma sl (615l

a9l Z Pl we o

(590) Ol

L 3l eslizal b oy V10 I JEs 3 il gl 1SS
Do 51 Jeol (st (ol ilis ' Cadle .t AK 5 4K lacis
S Gl K 4 s it AR ST L > o) Sl bt

(P<00) ol Sl gme sl (g1l

b Al S taleiT 5l ol ladms ( JST 5k 4

Sdae slse Sl eslamal &S sl QLIS Eags opl o v.:}l)}\
Wlp Ly g Sl e Sz o5 Ofy e
e Sl el @l e I gsds S
4 odd 0393l 30 &S Sb-OT Il ol o5l gl Al
Wies 5L D5l e 5 gdRe e Olge 4 ST Lo
N PN PO L X O WP N PO
@l oSyl (g5t Pl Al B 53 ObeSTy 8 o plecrli s
S 5 pilsl gl e R el 5 sl

Ly koS



\YAY AP (glazun o}:é_g(a)k— Sl

o
A
%

[1] T. Rohwerder, T. Gehrke, K. Kinzler, W. Sand,
Bioleaching review part A: progress in
bioleaching: fundamentals and mechanisms of
bacterial metal sulfide oxidation, App. Mic. and
Bio., 63 (2003) 239-248.

[2] H.R. Watling, The bioleaching of sulphide
minerals with emphasis on copper sulphides, A
review, Hydrometallurgy, 84 (2006) 81-108.

[3] H. Brandl, Microbial leaching of metals,
Wiley-VCH, (2008) 8.

[4] D. Chen, J. Lin, Y. Che, X. Liu, J. Lin,
Construction of recombinant mercury resistant
Acidithiobacillus caldus, Mic. Re., 166 (2011)
515-520.

[5] K. Bosecker, Bioleaching: metal solubolization
by microorganisms, FEMS Mic. R., 20 (1997)
591-604.

[6] M.J. Patel, D.R. Tipre, S.R. Dave, Isolation,
identification, characterization and polymetallic
concentrate leaching studies of tryptic soy- and
peptone-resistant  thermotolerant  Acidithio-
bacillus ferrooxidans SRDSM2, Bio. Tech., 102
(2011) 1602-1607.

[7] B. Ngom, Y. Liang, X. Liu, Cross-Comparison
of Leaching Strains Isolated from Two
Different Regions: Chambishi and Dexing
Copper Mines, BioMed Re. Int., (2014) 11.

[8] S. Jahani, F. Fatemi, M.A. Firoz-e-zare, M.R.
Zolfaghari, Isolation and Characterization of
Acidithiobacillus ferrooxidans Strain FJS from
Ramsar, Iran. Elec. J. Biology, 11 (2015) 138-
146.

[9] F. Fatemi, S. Miri, S. Jahani, Effect of metal
sulfide pulp density on gene expression of
electron transporters in Acidithiobacillus sp.
FJ2. Arch. Mic. In press.

[10] A.L. Williamson, An investigation into
bioleaching of uranium and rare earth elements
from quartz-pebble conglomerate ores from
Elliot Lake, Ontario, A thesis submitted in
partial fulfillment of the requirements for the
degree of Doctor of Philosophy (PhD) in
Material Sciences the School of Graduate
Studies  Laurentian  University  Sudbury,
Ontario, Canada, (2014) 12.

1q

CF
b x> 40

[11] C. Gomez, M.L. Blazquez, A. Ballester,
Bioleaching of a Spanish complex sulfide ore
bulk concentrate, Min. Eng., 12 (1999) 93-106.

[12] M. Nemati, S.T.L. Harrison, G.S. Hansford,
C. Webb, Biological oxidation of ferrous
sulfate by Thiobacillus ferrooxidans: a review
on the kinetic aspects, Bio. Eng. J., 1 (1997)
171-190.

[13] A. Rashidi, R. RoostaAzad, S.J. Safdari, H.
ZareTavakoli, M.F. Foroghian, B. Rafizadeh,
Adaptation of Acidithiobacillus ferrooxidans
for bioleaching of uranium, 1st International
Regional Chemical and Petroleum Engineering
Kermanshah, Iran, (2010) 25-28.

[14] M. Eisapour, M.A. Moosavian, A. Keshtkar,
A. Rashidi, Investigation the effects of pulp
density on the uranium bioleaching in stirred
tank reactor, 7th congress of chemical
engineering, ICHECO07, (2011) 393.

[15] M.S. Choi, K. Cho, D.S. Kim, H. Ryu,
Bioleaching of uranium from low grade black
schists by Acidithiobacillus ferrooxidans,
World J. of Mic. & Bio., 21 (2005) 377.

[16] M. Boon, JJ. Heijnen, Gas-liquid mass
transfer phenomena in biooxidation
experiments of sulphide minerals: a review of
literature data, Hydrometallurgy, 48 (1998)
187.

[17] A. Akcil, H. Ciftci, H. Deveci, Role and
contribution of pure and mixed cultures of
mesophiles in bioleaching of a pyretic
chalcopyrite concentrate, Min. Eng., 20 (2007)
310.


http://www.google.com/url?sa=t&rct=j&q=Appl%20Microbiol%20Biotechnol&source=web&cd=1&cad=rja&ved=0CCwQFjAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F253&ei=EQcOUu7_J4iSyAHH7IAw&usg=AFQjCNGNIbG7JwYThahU7ANHk6XkXOc4pQ&bvm=bv.50768961,d.aWc
http://www.google.com/url?sa=t&rct=j&q=Appl%20Microbiol%20Biotechnol&source=web&cd=1&cad=rja&ved=0CCwQFjAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F253&ei=EQcOUu7_J4iSyAHH7IAw&usg=AFQjCNGNIbG7JwYThahU7ANHk6XkXOc4pQ&bvm=bv.50768961,d.aWc
https://amser.org/index.php?P=AdvancedSearch&Q=Y&F19=%3DWiley-VCH

