yvaa QLA.-M) ¥ o)Lo.Jl': AYf .\.L'> ‘6‘4-‘-“‘-“" 05..3 9 ‘aal.c dl;u

Journal of Nuclear Science and Technology
Vol. 94, No. 4, 2021

Fewly a9y g,y 51 eoliswl b Bacillus sp. Strain STG-83 luwgs o yw dol yI5 Bdo> (g 5lwdiunge
0391 Goluy (Yl ) Car

090 Joelanl T8 Loy ¥ 555 damo 2 L g gordes Lo
Oyl = agl e BOVAV-FYOY 1 sty Bgaio al o axly oMl sljl olRisls asly pole cusCails
Olnlm Ols MVYPO-AFAZ : iy Gaoio (ol so3l (6550 lojlos cglains (58 5 pole olfimghy (slaind Co g a5 2 0aSiimgy ¥
Olnl= Gl ANVOO-FOPY & sy Gaoio ) 5 olRils o 18 0aSLaily ( canlds (gudige 09,5 .

*Email: ptajer@aeoi.org.ir

951 sdlio
ANV sallie S5y gl QAN <A sallie 2, o b

oS

s by il ekl b lag ] (s3lucsy sl 1) o) Stagsy azsi v aloz Sl S Sl 55l Slaclay himms Conyj S oS
sl 9,50 Bacillus sp. strain STG-83 (5 25U awgs oy (s i ol andllae () 5o el 03,5 55 ot Vb G aiile
D3l e PH o9z ol el (silotings ez S5 (l300 33105 Lasgs 55550 S po (oo b by g B, 51 85 )13
R=¢ QYA L ST cplins Jl5dle 5 dawgs o sliion pgo 4z yo Jow o s oo Hlid bl ol sslaiul Gy adsl clalé o s
age ) 0L Qs lade YAVAL MOLT Gy adgl clale PHIFD jo e wdx g 03,8 oiie |y anld lE, s>
S ad 3l amdaigd g peeSY Glap ignl b o)ms sleesls e il e VF4,040 Mg.g™ dry weight L il a5 59 o
Sie (P s 4 4880 B (o ol cud)b as ol las 5 Seiew Sldllas ol Fowilin R'=¢ 48 L poelY Joe o ols olas
Olsie 4 Bacillus sp. strain STG-83 « jw sYb § gy () w2 48 (6 ,55h ol diady)] Jumadly 4 a5 b Lolgs oy 0 995
2l gileaintr 5 Gilede )0 Eul ag) Gho) 2L 5 0l (Brme o (YL Sy ool B cex (205 L LSl Sl Sy
005 o0 b 53530 (G5l Lo s gy 2

R VS I N ARV CHVL I SN S CEp Il 1 IR T T3 PR L

Optimization of efficient lead removal by Bacillus sp. Strain STG-83 using
response surface methodology for bioremediation of contaminated wastewater

S. Salimi?, P. Tajer-Mohammad-Ghazvini*?, R. Dabbagh?, E. Eivazi®
1. Faculty of Basic Sciences, Maragheh Branch, Islamic Azad University, P.O.Box: 55197-47591, Maragheh - Iran
2. Nuclear Fuel Cycle Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 11365-8486, Tehran - Iran
3. Department of Chemical Engineering, Faculty of Engineering, University of Tehran, P.O.Box: 11155-4563, Tehran - Iran

Research Article
Received 29.12.2019, Accepted 3.2.2020

Abstract

Environmental hazards of wastewater containing metals, including lead, have attracted researchers'
attention on their cleanup using novel methods such as bioremediation. In the present study, the
biosorption ability of lead by Bacillus sp. Strain STG-83 was evaluated. Response surface methodology
with central composite design by the Design Expert software was used to optimize parameters such as
pH, biomass concentration, and initial lead concentration. The results showed that the quadratic model
proposed by Design Expert software with a correlation coefficient of R?=0.9938 predicted the process
behavior properly; lead biosorption by the bacteria was optimized at pH=4.5, initial concentration of lead
297.95 mg. L, and the amount of adsorbent 1 g.L™%, which is equal to 149.595 mg. g dry weight. Also,
the experimental data were fitted with Langmuir and Freundlich isotherms. The results showed that the
Langmuir model is more suitable with R?=0.961. Kinetic studies showed that adsorption capacity
reached its maximum value within 5 minutes. Ultimately, due to the valuable potential of this bacterium
in rapid and high biosorption of lead, Bacillus sp. strain STG-83 is introduced as a valuable bacterial
sorbent for lead bioremediation processes and performance of response surface methodology in modeling
and optimizing lead biosorption process by Bacillus sp. strain STG-83 is confirmed.

Keywords: Bacteria, Biosorption, Bioremediation, Lead, Experiment design

Journal of Nuclear Science and Technology @l (5 g ple aln )
Vol. 94, No 4, 2021, P 102-111 TV Y L FA8 g F ol AT AR

v



http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C

o505 Jeslons] (s Lo, a8 damma,mli Ly o soplos Lows Vv
Wawd 90 4 odes job 4 a5 oIy 0gzg Jaio slacle doddio .)

Sl Sy 9 Sy Sy, Wed o S
O 29,50 ol canl o a col soly las Oldlas
05 Gz 9 o Sl Gel Bde s gl Al s
P e Ml e asme Suj OMSEe 08
(s Slagby, S 5k ol 5 Cawilae il
i aile) ooy piagw Gkl Wy e i
g 0y Oy (s goa 2le) 00i3 b (g
wly 053 sl sl pucdglio 4 a5 coul a8 S
Lol igds go e sk (3500 @ 5308 lagys o] 50 5 <ol
les 5 Sl (Joboo puadgalin 51 e (o013 gin; S
Sir wnlp S Jde G b
St B A Cad Sy i sl ge jlaeh e

0,lg00
Sl s3se Slge sania 5 oy Bro @ ks pae @ lgi o
o bz & Q3 (5995 wles ook (510455 5 0,
i 50 g A lp cwlie Llpd 4 (0 Sgaze
syl clale PH oo olas Sles Lulps asals (al33l
NSV FOLIDNN. I | Jt- USUOTIP V- WIS SUP C S g ] Y
Jolome 5l o ColB VL 203l i (YL oy (D3>
Sdxe B pae odd iz dlge bl Sl (3.8, L sl
lse ot 4 (eslin gy (o Sl S pas 5 D3>
DI S Glyie a S Slge DLl slales 51 [A-Y]
S 9 Vb Jolad Dl b )b 4y 158 o cenlie (S
DV T 5,5 0Ll cenlin i
S3leSh slaanlp )0 (99,500 Glaodl> g9 o)yl
390 Sl o9 Se )5l (2Ulg5 o 4y (oS SIS
G b el a4 b S gl ) el ad S 18 ar g
or g ol )3 397 se (29,500 Sladgw | (SoeS
L owor glaase plolid 5 gxtes il ads 18
3,00 dslsl Glizee Sl 4 Cand YU () @i iy
Sl sy S ety @Sy p 2Rl
Slgiee olpl jhead ar waz (99,50 sladign K
YU ey gl oy cosal Bl cols 5l S
sloyiie p Joido Wil S o5 Ixgl lasl ol
cilisee Jalge 9525 Ysans anl S8 Wy 5 J 8 LS
5 oiloyl slani (Al 4 i )b Sy 50 5 ) Suste

1. Biosorption
2. Bioaccumulation

Journal of Nuclear Science and Technology

Sk 4 Gy e slooasYT (s Sege 5l opiw l3l8
B A 890 ol a4 3l ams W yo a5 unl e
slicee La U"i"“ u‘)lﬁ ssle ‘saLch\.uyT 99,9 u‘).uo JJ‘C\.J;
@ lagl 3559 Glie 51 1R s piessST 09,0 4 Sl
Slod S j9b o [Y] el (al (sloa] )8 alig
2l Ohgo Ll cole leie a4 glares Slagulb o
PR xS or B edliiul 8y90 0pe b iy By e
‘-;..w_v U—l )l oolazw! MLA A O Ladls O‘}A é.').ﬁ
@ o adgl Slge g b ST, 5l ojg el cnl 2 ogdle o)l
08,5 o ool Ul 51 (g by cole jo Jaore ok
Sl 57555 e oaVT S g a4 oy 318 051 [Y]
Sealp 5 aded (g5l ody dex I mle
2 e slooa V1l (S Glsie & Grizes 5 oandis iy
O 3l auilyel Zlzeul 5l o> slacluy § wluls
Oz 9 w3l 5 0295 eyl S Tn0l; slocsisnl sl
wolly 9 Goedse vo e e SIS Gl 2 S cdale
5 eyl zlmml ) Jols ol 5 bailewy <ol
Sl ol e wilgioe RV 5 S5 pas Sge
aliee Sladllas jo [0-F] ol suejp) 9 (xbw sl
4 di ol (o 50 e oS S nl p (Fe sualsd
S999m DBl (rmag 00905 uled oy ke g e
L s> Cud gomnd [?] Sl 0 4.:|)‘ eé).:fu;o o ‘)
Oy Ol 5 B 50 0hga e (S0l gy Jo 4 el
9 Jolowel game SlS 5 el Ol s g obiwl aile Joloeo
gl @iz liee L) e o J0S oyl
SlaS 5 ez oszs ol b sl oS LhlsS elSims
Pl azes jo asilyi oo Bl jo cllil b po Joloo
sbwl 5 oo Slule 4 oy b Sl 4 e dtwsl
Sl ol eSSl ogas o Lol S

3 o) Sldgzge G 4y 39)9 5|y g 039 i Jloe
PRI Lm‘_j )9.«4> u)‘fl.u J‘J}m‘so O)A}Q L‘buﬁb
u,_’l))l.v 9 AT 9 009 M‘ ).’L‘> ).u ‘1,5 )LM) (_gl.éu.‘a.l.c

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

V)Y o OFAR i oF o)l AF ul>

vl
49,‘[


http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C

... L Bacillus sp. Strain STG-83 Lug oy wel 5 B (g jludinge

i gl plul coar @bk @3l g3lueslel Y.¥

)
&b cis L= 4o Bacillus sp. strain STG-83 5 5L
sk ,o (Nutrient Broth, S, oS5,0) <y
ooly s el YF Sae 40 VO TPM (502 590 X+ °C
RAY Jam c‘5>l.v)..5l.v Yoég; Sy 6)51(':9.9 )3.‘4*0 L R
St yiole 488 V0 Sowe 4 O+ v IPM g0 F °C glos o
2y dd hie O b8l sladshe g
0O SS9 od eoliiwl Ll sla sl
2 gl pas Sis g b Jolo (st 5l an 5o b ST

W) ua.é;.i:..c?’ °C sl

Qg b <l gl i ol F.Y
Jsles Vo Ml gz o iz slaile;] anllae ol 4o
AF Gl 4y Ve slod 9 VO TPM Gren 559 w0y
L 4B 8010 e ay Ve e TPM 50 b 5ol 5l 51 g ploxil
Jeloe 5168l il sl 09 See Y (plas il
51 ooliiwl b ladiges ;o oy cdale JUT o solisw! o
Yol sad cas slewdl - il i ol oK

28,5 )18 e 950

oSl 5,0 0.
L 2bySh eogicuw; lawg ool ©ix 1B e lads
TA] 20,5 awlne 5 alaly 51 oolazul

Q = (VoCo — Vi Cr)/M QD)

a4 Vi 9 Vo (mg.g~' dry weight) ;15 Ci> Jlaie Q a5
chile Co (L) 518 o Jsbre (2l 5 &gl o i
B os 2l cdle Cr (ML) Jslro jo 51 (50 ol
(@) oogcem; Six 055 Moy (MIL™ Jolme o
il o

10 dowle (V) abayl, 51 55 R (%) b s ool

R(%) =1--x(C,-C,)/C, ™

2. Biomass
3. ICP-Optical Emission Spectroscopy

Journal of Nuclear Science and Technology

@l eebioe SYsb ploy g SIS anie Sie
w0ad b plite )b S Gialejl plail Wy, 050 o
Sl (SKew 9> B g ool oulaS edel Cawd 4 Sledlbl
ol degerme &5 GligS 4wl als a3Y slaile;]
(RSM) "geuly asg; by, el )b (s5luainge 0 Jloe!
oilesl (b il @bl g (o3, slabs, 3l slasgems
bl (g9 izt 5 Wyiie 130 Haest (Jia 5L
ol gy Ghgy obise Lyt cpl 5l ol sl ange
P e S3PESE e g 009 Gialel Aokl ege el
Sz 0 ol 9 Sles giludingr 5 wdx wnld G anws
S5y sbed & ez DY game LSl g CodeS 05 e
o gy iz 2l 2l Gheehy 5o calple [IY Y]
Bacillus sp. strain STG-83 )|l g 5,:5U Lawgs oy
ST @V Cey laanls o analy )l o il gl
b Gldoe calizea Ll )0 VF] 00558 5 petles slogysad]
sz 050 gl gy Gy 4 Gilesl (b 5l eslazal

3518

g, g olge ¥

i) ;500 @ .Y

GASL e ol e esliil sy (6580
S5 655L ol sk Bacillus sp. strain STG-83
0w g &5l Glal Gl e 095 9w
GenBank sledbl oL 4o 45530 5,556 V7S rRNA
Biotechnology Information (NCBI) National Center for ,s
S5 lS e Sy S Sde
EF051255 (Nucleotide sequence accession number)

D] cesl ool o3

o 531 Joloe (g5lwoslol V.Y
Mg.L™") oy ole Jolxe
shie 4 035 4 (Sye oS csly) (PB(NOs)y)
Gy oo Jsbns o 5 Somly Glocilé a4 ol
5 4 GBg b ales baoany¥T 15105 3151 6 sl sl 0l
o ateds i (b 9o ol g Jlys ¢ HNOy L s,
¥ NaOH 4 Jlo,s +/¥ HNOy alews 4 Jslxe ,» PH

D10] wo s ek Jlos

oy Ol Sod 5l (Ve

1. Response Surface Methodology

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

V)Y o OFAR i oF o)l AF ul>

vl
49,‘[



2928 Juelowl (£l Lo, ¢ 20958 damme ;216 Lug ¢ gk Lo

Vo0

o sbedgnl V.Y
e 5 Tedusd e snl Jae 90 bugi Qi @mls
9y 2 23> @dNgd prgnl 2SI Sby)l 9)9e
ol PR e (nl 0 S (e oy | Seal ol
Bl e b oo e gl il plaw 4
9 IR » ).)‘QSJLHM—A ;)u\:> )Slj.n L.\.u‘ 9 S| uaLa...o
Cd> Gl diiion dbre 4 HolB a5 cell pl p5g5)
Lvgio b ol slocdale osgame 1o 5 ol il s
iz 505 p ol O gdaisyd p sl ol T
Joe [A] 0,5 0 S 0 Y sz Ojgo 4 |y b

log (Q)= (\/ n)log C, + log k, ™)

o 3l Cdale Cr iy gy 3 wis laie Q o 4o aS
dmlme (obe b g slaee Sl (850 (9 5l @dig S Jue
[/\] Csl 00

Jo¥ge S a5 sl nl (28 eSSV p gl )
5 W Jlal 1) ol S S Ll enisdods
A0S b paiS e e odd iz sle JeSge
slassse 03z 6 @ Jol Jslse Cda i
Oyge @ 1) Sdx oy gl (al (CBIS walyts gun
S 0 sNee &5 pogie (nl 00 pS (o0 SIS (rge
il bl a5 ol igd gds b anle e Bk wis
JsSdse o 3 Sl 09 oe 3)ly oad Ddx slasSdge
Dgr dlem Y ST Oy 4 Gl A (0 134, 05 L8
Jiis g 00l (53 ol 290SSY p gl 5o 58 Sda le)S
Gipl bl 5l Gl maw asxcs o sl a5l
iz ool Joe [IV] ogd e 4285 i o (Sem i
2008,5 axlla (F) abal, Lasgs gaS3Y

VVQ=1v/Q, +/ Q,bC, 9)

5 cdile Cr 5 Wdle gy 38 Gde i Q alad, oyl 4o

Cawd u»)> w 4.]4)‘) Q"‘ )b Qmax | J}l?u )Q

2. Freundlich
3. Langmuir

Journal of Nuclear Science and Technology

SialesT o1k 5.¥
byl @l (ROM) muly ag;, (hsy comely ool o
L ey o Gy el
390 o ilwage ¢ Bacillus sp. strain STG-83
Sl () 55l a5, RSM by, oty )5 18 ool
s anld sy 1 Sl e a5 Jates sla i
ool 2 L talojl ua lo s 5 il ()b Sl (¥
Solel- ool Slawlrs sl (F oo Sl b Jow
5 Coedl cuyy (F glaler wiz 2l 0,8 Joo sl
5o sl aige Jlaie 8,90 Cawd 4 (0 g Jow o9 sl
DY Y] e pie 5l alos

BT oagame ,o PH IS 50 e dw alo o ol o
G0 mogl 5l o adyd cdale £PA
G oY 0L sogame o O3l e 4 YAVA0 ML
aslllas 5,50 +0 g +) 0 =) = O phaw x5 0 YA QLY
dagl ol g layie Gulol 2 () Jgaz) 28,5 18
S I L R S S
» bl e s sk (CCD) '6S e Sy
@los VO TPM (500 555 oy Joloe Ve ML x>
Oezep 2,5 alxil dids VYV by s 4 Y- °C
@bl ey 5l esls bl Jel gl
Design-Expert 7.0 (Stat-Ease, Inc., Minneapolis, MN, USA)
4 .88 plonl 53 5l 5 b (gilwaige [VF] b colizl
il (2 polie Smgin 0 Je i sl
dinge abi slagilesl 5 wd scte ¥le s byt age
>k ey e saie wl plosil slialesl o 1SS L ss
Wl Y Jgaz 50 S 50 0ad oS slaghaw 5 535 0 oS e

loads

S 2 00l oS slagh 5 655 0 oS pe Lk gy sle e N Jgua

ol oles JUESo
o+ +) 0 -\ -a
2N f Y Y \h¥ A pH
RYESARY)
Y FA Y Y \ Chy B
@@L
oy adgl clale

Yavas  Yf- V00 Y- \Yed C
(mg.L"

1. Central Composite Design

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

V)Y o OFAR i oF o)l AF ul>


http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C

\oF

... L Bacillus sp. Strain STG-83 Lug oy wel 5 B (g jludinge

P oS b bl slogaly 5 byiie polis Y Jguz

gl gy (g, 0

©
‘ s ® W
; . ol )laae - IR
(mg.g” dry weight) g L)" g ol 2
(mg.LhH @Lo P
SYSEN ¥ v Y ) v
BONYYE ¥ ¥ ¥ Y A
BO,600Y V00 Y ¥ ¥ Va
V558 ¥ ) ¥ ¥ 5
50YaF VW0 Y v b W
Y AYEA v ¥ Y 5 v
BASYSY V00 Y £5A v Ve
- AAVD V00 - XY ¥ A "
avay V00 Y ¥ q W
B8 NOFD 100 Y v Ve Ve
Ve YOSS v ¥ ¥ i\ f
Vel YYO ¥ ) v VY 1y
av ey V00 Y v W Vo
VY YEY Yavas Y v Ve Ve
DFNV-YE 100 v v Vo A
YAABYY V00 v ¥y V6 q
VY VAQE v- ) v W )
aV,OYSY V00 v v VA Y
£F-79 v- \ ¥ Va Y
YEAAY V00 YA v Y. Y

5 kol S g he anli pslaie 4 uilly Sl

3 5eS P olaie (IS jsb ay o alnil b ite S em
oaiasslas byl o Jooo ;o0 Syn Folade g 400
P jpolie il e 730 pliobl s b bapicie i b
WABY o< opee eV b plp iy @ golprin Joo F g
Oz Syl eoleiiny Jow Como ¥y &5 Wl s
QMY g cAYA L plp 55 4 R g RY polis
PB4 solein oo wims e olis a5 aiib e
(Joe i Con 0 WS it |y @28 polie Col
0l Gt sools I oy slaesls Gl VS
G o gleosls oy 4 4z b oams e olus |

Ol s
bug e Qdr anlp o9x @ ead a)l g 4z
S e anogs |, Bacillus sp. strain STG-83
5 kol Gl (Jae ibjly Jlow ¥ Jgoz 5o
DL Jsaz onl gl 0,5 e oualin oSl S on s
BC AB lap i 5 (C 3B A) Lol sla,5:5 a5 sas o
2 (P-value <+ - 0) gkl Llsd 51 AT sg0 45,0 &)l
256 G Gp-value: - 8) ke ¢ 138,50 wnld s,
Cdx gomdw slaag, T oo VOV oS o anilb e
sads ools yLes Bacillus sp. strain STG-83 lawg oy

Journal of Nuclear Science and Technology

o3le ot oo 0 Logrya D g 92l gn s alomsy 4 8L
JA] el sais J> oole g 3l

@A Solamw ALY
bog oy G Qi Gy 2 oy S
Ve mL L o= ,o Bacillus sp. strain STG-83
b 5l eael Cass @ ang ol s 0 Gy 58 Jelxe
s\/\’ AY- ‘Q’ ‘?’ sfa AN s\a sa 6[.QOLA) ).) W'LA)T
A_»B)f )‘)3 ey )90 A.M«) AR 9 YEe Yoo XY
ool oz gilwyglxe lagle; HLL 51w b Jolw

P e oliws bawg g, Jalome ;0 oy bl
Al oawziw ol ouls Cis (slewsdl- o]

Bacillus sp. strain STG-83 luwwgi < yw @iz ow)yyp 4.Y

NI b oult sloud
6t e ol adlae bl g
'\ °C) oISl o)l > L Bacillus sp. strain STG-83
Sl b s 03,5 e (435 10 Sus
Oloss o) Wl ol Sk sla ok 9 DIS5T L ol jlocs
Ol o edal Cawd 4 abge bulpd 0 Cp (638 Jslome L
(Siloyslme aleye 0Ll o wiad sl Gralejl (b
by Jobs 5 a3 gl badsle 5 ead liz baJsks
oolal Ul oo i (glowsdly — ol piti  mcinbs olSiws

A5

wuld s Gyl oLyl Hehie 4 Slaleil (lb LY

O Gilwdinte 9 @y (S ) i
chle PH ot 4w iSenp g (Lol SISl s Gl
bug Crw Gy 0 p QA ke g ope addl
S5 e S b 5l Bacillus sp. strain STG-83
5 bysie polie ol oolatul fwl as, s, ;o (CCD)
Joe el s Gl Y Jaam 0 Gblii;ibﬂ slegawl

sl 0 iyl 5 Do 4y 138l 5 g 0 Slpiy

Q =4V, ¥YrPO+ Y AfYYar pH +YY arvev*
dose +-,#\-Yo* conc—v,afave* pH *
dose —«,-\Yy¥. * pH * conc —-\.839*
dose * conc —v FfeFY* pH "+ - YYYEA*
dose’ +# AAvfsE —- 0% conc’

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

V)Y o OFAR i oF o)l AF ul>



2928 Juelowl (£l Lo, ¢ 20958 damme ;216 Lug ¢ gk Lo

YYO VO
VO¥0-

AYYO O o cdild
YEA Y e

5 (M) o adgl cdale fade 1S ob g (Gomdw sloasy, F S
by O ejode Jlie » (0) ey O3l i
PH v ,s Bacillus sp. strain STG-83

bog o Ol Glp RIS Gt o Gl mS
f L plp pH eoga=s ,o Bacillus sp. strain STG-83
JUERURCERVIRV IINEW [ R (N o[ PU gL SPCHN
4 FAAY mg/g dry weight ;5 sogice s awy 4 oy
olas Oldllas b o al38 0AN Mg.g™ dry weight
Sl Gy @iz n Fhe Jele neee PH &S 005 s
ot 5 S5l gy cl e » Jele ol
L H" (ool ol GlaPH o 5,138 oo 51 Jsho o)lg0
Sl Jlail leolSolr 5 S (o0 <o) S5 S O
Jolee 13 (G935 (6318 slagyse 5 Wgbioe Judl H s
2 Wghoe Se3p Q3 a4 S @by oy Jloa
b5 ol e 5wl ge el HY clale 5Vl slapH
Lo @i Ol Al )0 w0pS e GG
DA O] b o ialj8l auls
5L 518 adg) L 4 sy Wlgie S S jsb o
Bacillus sp. strain STG-83 Luwg o wis slo ol
alize adgl glaclile b 5 Glapssls gladslxe 5o
G9) 3 o e adgl slacdile oS ol Glis oy
38,56 Bacillus sp. strain STG-83 Luws oy wix
GRIF L dge ol g Cpe S8 Ol jlade all o
P JUESl aSme gy RIBL Jdoa oy cdale
G Ve 5l o adgl cdale a5 e b oo il
o 3B Cix e il Ll YEe mglL?
AAOA mg.g- dry weight b Y#,Y4 mg.g™ dry weight
o B e Gl gleable o oS e lay Gl
9 Sl o5 Q3> mhaw Colis 4 onigd > sl sla g
35 onigd Jo adsl il ay Slaim (Soly i e

Journal of Nuclear Science and Technology

A%
Predicted vs. Actual
Ve
<&
av,6. —
g (=]
1:- PO —
oYY N. —
o =
T T T T T
ite Yo A FEYN ¥ Y \YYFO
6’3@
lel.\))| )5.|a.~c<\.\ Q )L\.{Lo oh\...:‘sa.:.’u....:.’ 9 ‘59).79 ).:ALM MLM A Jiw
olpinn Jaw byl Jodow Y Jeus
Mean Sum of
p-value F value square df squares =)
<epee) VY467 YV F50 0 VARVAY e
cpeee YFAY Yay,-A \ Ya,-A A
<epee) YEO,- . £FE VY \ £FF VY B
<o AL VPYO-NA Y YV NA C
< e FYNY 0-0,0Y \ 8- 0,07 AB
haats V00 VANY \ VANY AC
<epeee BOYA FFA,¥Y \ FFA¥Y BC
e YF VE5- \YYY- \ RS A"
< AYYY VYYAE-. -y BIRAYA \ AT BY
-04y4 Y. Yoy \ YoV C’
o

e
— YA¥
VY YEA

Y.
A:pH Y\$

ety Il e slayell Semy saman slaa, VS
Loy O ey ol i » pHo 5 (9L
A00 MY.L & adgl clale s Bacillus sp. strain STG-83

Yay,. .
YYONO

VOF0-
INATRZ

—
FEA Y,

Sy adgl Clle e iSeen goman sbea, Y JSS
bog O Gy i (mg.L ™"
YO.L" s odls laie o Bacillus sp. strain STG-83

Jaie o pHo

Slated 38 5 ple alxe

Vol. 94, No 4, 2021, P 102-111

WYY o YR8 o) F o)led AF b

vl
49;‘[


http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C

... L Bacillus sp. Strain STG-83 Lug oy wel 5 B (g jludinge

@i glaeignl V.Y
u.u.u 9 odoﬁ.wa_:» odle 9 u¢l> ) stl"j Ja._s‘j)
oot SO Liz sl iail SaS 4y Jobs sl el b
3B (9,0 oNiglioda osle slaJoSIge @ j95 0928 (pgax )
Ll mle g al> slasld ;o Jolas a4y osw; o9 9 mbe
JB 55 0dx laptens som sla >k ;o oS vas
.‘a..uj.v ud:> CL:L..' w&jf U”‘ el ‘u.v‘).vl.u ML)‘SA oolaw!
25X 5 mdugd ead wSll epsnl o 9o
Cheog glp Jae g0 e 285 1E 0 Sl o6
GFSL g G Gn S @i ajlse laosly
50 sla JSo) wog cwslie Bacillus sp. strain STG-83

(F
& -
o
Y= FFX+H TV
Y= . .
¢ RY=.a\Y
*
~ ¥
<
=
v o
\
\ Y ¥ £ o I4

InC)

G by i G 2z Gl gdasd Jae B S
Sy wdl> laie o PH ) Bacillus sp. strain STG-83
0 gL?

VERNELS TR

1/C

AL ey Cpe S wde Glp eV Jae S
Sy wdl> laie o PH ) Bacillus sp. strain STG-83
gL

Journal of Nuclear Science and Technology

2ol Gln A e o oGl g gadsl sl
ol g mle slasls )0 38 o oy JUET 2lp yo Ceaglia
WS ye Sgy eyl cdale (e Gl Ly aiS e Sln]
iz e ol @ 4 g wliee GRalB 5B 99 G ez JUi!
DA Q] il salys il

e @i On 23 e &5 sl Gl @S Gz
L Bacillus sp. strain STG-83 L zxSL odgian)
G lade ogd (B o 4 eogicang; cdale ol
gl Ghele slaog S uilag slp Joloee (39,0 oadJ>
chl a5 LK e gl wbe oelS ol
wiboo il Y QLY ) gL 5l GLSL esgiien
G YENA mg.g dry weight 51 o 3B Qi lade
aS I j0 0S5 e log 2els Y4,YF mg.g™ dry weight
a i o3l il oo Ll AVESY LY 5 Cde sl
ol 0 @3l S s o)l (S D3l Gl
033b 4zt jo g 0oy ol ) i LB sl e
DA Q] aboe gl i

(e Jos 85 lie oy p jolaie 4 (g ol 5o
00l (Sniin) i 4k yo Laialojl 5l aligs e S
8 GialasT 0y0 3 o8 Solas abai g0 g (Joe Lawgs
ot Sl 5 228 Glagl b plodl el 425 55
00 Uiy3S F saz 55 e pensST 0l 5138l 5 Lansgs o
5| ol Bl ke 5 o st e gdmglin by ol
anli pgs az s Jow como g jlael s )b o tabejl plos
bl st Core samolis Jeax opl mll 09d
RUW Y R RPe )

g e blyd 50 ad st el 5 (o el anlie F Joua

olas blas
S ek ot &bk il clale gl cbale -
Moo M@ es @by mghon. P
YO VA Yo £f v - . \
Ve f Ve¥A \ Y. . ;
v
13,040 Vo FY ) YavAao £ abb)
(e

Vol. 94, No 4, 2021, P 102-111

Slaten (38 5 psle Al ‘Vfé’
INSVY o VAR Gl oF o)l AF al i«a‘



2928 Juelowl (£l Lo, ¢ 20958 damme ;216 Lug ¢ gk Lo

V-Q

e St Y.
Sl edgicen; lwg a0l ilel ol o
ol age kls o Bacillus sp. strain STG-83
(Y JS2) 2855 )3 (omy 9590 Alide lagle) 5o (S
Loale Jol adds 0 0 o 3B ol ke
Coll e a5 Sl VOYVFOEY mg.g™ dry weight
D98 bl 5l (o G 22 50 @ Seiies 095 o0
Sldllae asb o Bacillus sp. strain STG-83 (5 5L
bug Ol Sl e pley b Bl syee 5o iy
15 Wlgie iz Sllas a5 Cosl 00ls 3Lt bpuasilS s Soo
223 g dope a5 ol al> e 13,5 D90 Al g
JEsl aal al> o a5 095 aAl> o s § ol a9,
S (gl 009 mhaw adbioe Jobo (SIS o>
295 b b oS 0 )18 6B slaon b eles jo a5 cul
SIS Ol on oD yglome adgl alBS B )0 e @iy i
DAz Do d e i gl g il &S
IVA VA V] 0l e 628k Ly o

Bacillus sp. strain STG-83 bLuwg o wdz> owyp F.Y

P g1 L ouds slod
S O 232 Olme A S Jlges 4 azg L
alld 6 xSL A Cad oad Sl 6 xiSL lawy
Jede Gl el asl el Sal gle
@ sals 5L slp VF3040  mg.g! dry weight
saalS sals W55l 5 ,55L sl VFV,Y MQ.g- dry weight
Jdo 4 wilgi co i 003l o 5l rals ol el 4l
ko o 53 oo Jlail laolSile 5 5zl Sl
Sl gl Jols @l puzes il YU sles lawgs
4 Bacillus sp. strain STG-83 (5L buwg o,w
Sl Djgo 4 g pedglio 4 alily il g Jlad il O g0

I¥A Al il e oxban

Q(mg/g dryweight)
<« 4 v >

o Voo VO Yoo Yo- Yoo YO fer FD-
(ai80) oyloj

AL g e 3l Cdx ke g5, » ol U Y S
Bacillus sp. strain STG-83

Journal of Nuclear Science and Technology

5 &N 2 eronl oo 90 Gl (Seer colyl
L leosls bl mls ;o .cul jowslin 55aSY Jow a5 slo
u»uwju»uuﬁ)bowuamw)Jdan
YL Qi b sanSyew N g K (55 ol e
N lade bl oo Jolee 5l agye olol gilulax 5 Ll
oaze Cr Jlie ;0 Q loges a5 s o plas V5l 555
M#Jw‘u&aﬁswbnyMubjoM
gl aS ol Jdo .S o il YU slacdale jo Cds
Jlade g ol 5o V] o)l (Sopd o s wd
g,‘.o.».n.> u.v‘ OMQOL&J g \ )‘ ).,YL; as Y/YYO l.g).g‘).g n
)9Jo L 0 L;MJLQ)T .la.a‘Ju.u Cod e LSLQQ}’ S ol
@Sl osgicens g ol Jsbro 5l (22 4 g gl
Sy i GalbS 4 bae K ol aigh oo i
- L> ).3‘)9 d}jb L)"‘ 6‘ﬁ OMT Cewd @ Kf wl.: MLGA
YL Cds b eamaplis a5 codd 10-AY Mg
Cew! ‘;L)ﬁfb obyw) G‘JJ e
C,\.:l) 9o b 9 Qmax ‘).:}oihl J.\A L: osls LS’L’))‘ GL».: B
5 iz Cadyb 4 bgje cudia &5 alis 55eSY Jas
Sy P S sl Jgene b 4y ailise (S S e
U"‘ ) [Y’ J\] S| o\.b..\.o.w.: 9 u.:}l.'a.o YL: Qmax u_ia u_:9>
Loonlr St bey ope
» MLGA '/‘Y/\q lgﬁ‘ﬁ 0 b )‘Aﬁ.n Oy \V/\/&V mg.gf\

e sl bl

5l eoloss gl oy Qmax) wd b )b ain O Jgox
olis Jgoo cnl el oad (3155 calisee gy slacdl>
Bacillus sp. strain STG-83 s xSL 59,0l 4 b a5 aas o
5 iz 5o oYL ey K0 glodlr b anlie o

&z MGGy o oy POl
] Ve ¥ Stenotrophomonas
maltophilia

[¥v] NWEY Saccharomyces cerevisiae
[vv] TAF Amanita rubescens
[v¥] ££,04 Pseudomonas putida 13
[vo] 00,0 Solanum melongena leaves
[v#] Yy Olive tree pruning
[vv] AP Lemna perpusilla Torr
[¥v] ey Chestnut bur

o> ek VALY Bacillus sp. strain STG-83

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

WYY o YR8 o) F o)led AF b


http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C

... L Bacillus sp. Strain STG-83 Lug oy wel 5 B (g jludinge

&l

1. J.D. Van Horn, H. Huang, Uranium (VI) bio-
coordination chemistry from biochemical, solution
and protein structural data, Coordination Chemistry
Reviews, 250, 765-775 (2006).

2. M. Jansson-Charrier, et al, Dynamic removal of
uranium by chitosan: influence of operating
parameters, Water Science and Technology, 34, 169
(1996).

3. IAEA, Management of Problematic Waste and
Material Generated During the Decommissioning of
Nuclear Facilities, Technical Reports Series No.
441, International Atomic Energy Agency, Vienna
(2006).

4. A. Abdelouas, Uranium mill tailings: geochemistry,
mineralogy, and environmental impact, Elements, 2,
335-341 (2006).

5. K. Thomas, Management of wastes from uranium
mines and mills, Int. At. Energy Agency Bull, 23,
33-35 (1981).

. L. Hajiaghababaei, et al, Highly efficient removal and
preconcentration of lead and cadmium cations from
water and wastewater samples using ethylene-
diamine functionalized SBA-15, Desalination, 266,
182-187 (2011).

7. B. Volesky, Biosorption process simulation tools,
Hydrometallurgy, 71, 179-190 (2003).

. K. Vijayaraghavan, Y.-S. Yun, Bacterial biosorbents
and biosorption, Biotechnology Advances, 26, 266-
291 (2008).

9. P. Tajer-Mohammad-Ghazvini, et al, Cobalt
separation by Alphaproteobacterium MTB-KTN9O0:
Magnetotactic  bacteria  in  bioremediation,
Bioprocess and biosystems engineering, 39, 1899-
1911 (2016).

10. B. Volesky, Sorption and Biosorption, Montreal-St.
Lambert, Quebec, Canada, BV Sorbex Inc, 11, 258-
263 (2003).

[op]

o

11. S. Schiever, Multi-metal ion exchange in
biosorption, in, PhD. Thesis, Department of
Chemical  Engineering,  McGill  University,

Montreal, (1996).

12. L. Eriksson, et al, Design of experiments, Principles
and Applications, Learn ways AB, Stockholm,
(2000).

13. M.J. Anderson, P.J. Whitcomb, RSM simplified:
optimizing processes using response surface
methods for design of experiments, Productivity
Press, (2016).

14. M.R. Soudi, et al, Bioprocessing of seleno-
oxyanions and tellurite in a novel Bacillus sp. strain
STG-83: A solution to removal of toxic oxyanions in
presence of nitrate, Journal of Hazardous Materials,
165, 71-77 (2009).

Journal of Nuclear Science and Technology

Q(mg/gdryweight)

s S5

Sk by i () O3 e 55 2 ST Lo 1A S
Bacillus sp. strain STG-83

Gy Az g ey F

O 09 Sy 2 Sty (o) p ol addllae Saa

,»» Bacillus sp. strain STG-83 o5 (55SL lawgs

sy Sl anld gleang 5 Sllee Gl Ll s

Gls Jl38ley Sl eslizul b RSM) uly asy (35,

ol 15 S asllhae ol 5l Jols ol il se & o]

S

Ned o Lol e ax e Jow )
5 ot ) @ polie s> 4 RT = -837A
chle (D3 e (o5 e Gubly Sl iz
855 2l gy iz anl [ PH 5 o 4yl
o>V gL Jade g e YAVAL MO.LT 4yl
Cews 4 VT3040 mg/g dry weight L i,

©5SL ety

Cemsy oI5 4o Bacillus sp. strain STG-83

Ses | saumsslis  aS el
@ @S Grizes 23l e3gll slaoley Sl o 2V
5 Giledse o Eoly g, iy (bl el edel Cuss
AL by o Shjods anlp gleay
4 oo Bacillus sp. strain STG-83
Gt R A8) (Ko oy b 9eSY gl Y
Syl oy gesls bl gilkas
bsgh oy G jodz a5 ol lis (St Sldllas
Sy Hlake (pike 4 diBs O gl Sae o 6xSL
@ 6L by () ©dx Jes 009 @ o
b 4y fxio (@Yl Cagy soanld 0 Cuje SO lgis

990

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

WYY o YR8 o) F o)led AF b

vl
49;‘[


https://www.google.com/search?q=1.+J.D.+Van+Horn%2C+H.+Huang%2C+Uranium+(VI)+bio-coordination+chemistry+from+biochemical%2C+solution+and+protein+structural+data%2C+Coordination+Chemistry+Reviews%2C+250%2C+765-775+(2006).&rlz=1C1GCEA_enIR858IR862&oq=1.+J.D.+Van+Horn%2C+H.+Huang%2C+Uranium+(VI)+bio-coordination+chemistry+from+biochemical%2C+solution+and+protein+structural+data%2C+Coordination+Chemistry+Reviews%2C+250%2C+765-775+(2006).&aqs=chrome..69i57.700j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=1.+J.D.+Van+Horn%2C+H.+Huang%2C+Uranium+(VI)+bio-coordination+chemistry+from+biochemical%2C+solution+and+protein+structural+data%2C+Coordination+Chemistry+Reviews%2C+250%2C+765-775+(2006).&rlz=1C1GCEA_enIR858IR862&oq=1.+J.D.+Van+Horn%2C+H.+Huang%2C+Uranium+(VI)+bio-coordination+chemistry+from+biochemical%2C+solution+and+protein+structural+data%2C+Coordination+Chemistry+Reviews%2C+250%2C+765-775+(2006).&aqs=chrome..69i57.700j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=2.+M.+Jansson-Charrier%2C+et+al%2C+Dynamic+removal+of+uranium+by+chitosan%3A+influence+of+operating+parameters%2C+Water+Science+and+Technology%2C+34%2C+169+(1996).&oq=2.+M.+Jansson-Charrier%2C+et+al%2C+Dynamic+removal+of+uranium+by+chitosan%3A+influence+of+operating+parameters%2C+Water+Science+and+Technology%2C+34%2C+169+(1996).&aqs=chrome..69i57.1379j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=3.+IAEA%2C+Management+of+Problematic+Waste+and+Material+Generated+During+the+Decommissioning+of+Nuclear+Facilities%2C+Technical+Reports+Series+No.+441%2C+International+Atomic+Energy+Agency%2C+Vienna+(2006).&oq=3.+IAEA%2C+Management+of+Problematic+Waste+and+Material+Generated+During+the+Decommissioning+of++Nuclear++Facilities%2C+Technical++Reports++Series++No.+441%2C+International++Atomic++Energy+Agency%2C+Vienna+(2006).&aqs=chrome..69i57.1019j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=3.+IAEA%2C+Management+of+Problematic+Waste+and+Material+Generated+During+the+Decommissioning+of+Nuclear+Facilities%2C+Technical+Reports+Series+No.+441%2C+International+Atomic+Energy+Agency%2C+Vienna+(2006).&oq=3.+IAEA%2C+Management+of+Problematic+Waste+and+Material+Generated+During+the+Decommissioning+of++Nuclear++Facilities%2C+Technical++Reports++Series++No.+441%2C+International++Atomic++Energy+Agency%2C+Vienna+(2006).&aqs=chrome..69i57.1019j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?sxsrf=ALeKk02a4XnkwnKOaxnKpxGXWClZ_EEQIw%3A1612870541185&ei=jXMiYKHkCsL4qwGoh4CwCw&q=4.+A.+Abdelouas%2C+Uranium+mill+tailings%3A+geochemistry%2C+mineralogy%2C+and+environmental+impact%2C+Elements%2C+2%2C+335-341+%282006%29.&oq=4.+A.+Abdelouas%2C+Uranium+mill+tailings%3A+geochemistry%2C+mineralogy%2C+and+environmental+impact%2C+Elements%2C+2%2C+335-341+%282006%29.&gs_lcp=CgZwc3ktYWIQAzIECAAQRzIECAAQRzIECAAQRzIECAAQR1C41AFYuNQBYKvaAWgAcAh4AIABAIgBAJIBAJgBAaABAqABAaoBB2d3cy13aXrIAQTAAQE&sclient=psy-ab&ved=0ahUKEwjh3rP92tzuAhVC_CoKHagDALYQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00yna9xc1gKcRWK0ZulSPCCfipeog%3A1612870570737&ei=qnMiYJO0LJqSwPAPrqKNqAs&q=5.+K.+Thomas%2C+Management+of+wastes+from+uranium+mines+and+mills%2C+Int.+At.+Energy+Agency+Bull%2C+23%2C+33-35+%281981%29.&oq=5.+K.+Thomas%2C+Management+of+wastes+from+uranium+mines+and+mills%2C+Int.+At.+Energy+Agency+Bull%2C+23%2C+33-35+%281981%29.&gs_lcp=CgZwc3ktYWIQA1DjkAFY45ABYNCVAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiTsb-L29zuAhUaCRAIHS5RA7UQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02X6hDwKmEMq6YLFAKou_a5HvWyzQ%3A1612870591162&ei=v3MiYIHFCcKprgTIwaKADA&q=6.+L.+Hajiaghababaei%2C+et+al%2C+Highly+efficient+removal+and+preconcentration+of+lead+and+cadmium+cations+from+water+and+wastewater+samples+using+ethylene-diamine+functionalized+SBA-15%2C+Desalination%2C+266%2C+182-187+%282011%29.&oq=6.+L.+Hajiaghababaei%2C+et+al%2C+Highly+efficient+removal+and+preconcentration+of+lead+and+cadmium+cations+from+water+and+wastewater+samples+using+ethylene-diamine+functionalized+SBA-15%2C+Desalination%2C+266%2C+182-187+%282011%29.&gs_lcp=CgZwc3ktYWIQAzIECAAQRzIECAAQR1DNkgFYzZIBYOyWAWgAcAV4AIABAIgBAJIBAJgBAaABAqABAaoBB2d3cy13aXrIAQLAAQE&sclient=psy-ab&ved=0ahUKEwjBoJ6V29zuAhXClIsKHcigCMAQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02PCWmLZLDZEPQZBQmL9SlBskSPNQ%3A1612870632416&ei=6HMiYNDpGPDHrgTS5r-wCw&q=7.+B.+Volesky%2C+Biosorption+process+simulation+tools%2C+Hydrometallurgy%2C+71%2C+179-190+%282003%29.&oq=7.+B.+Volesky%2C+Biosorption+process+simulation+tools%2C+Hydrometallurgy%2C+71%2C+179-190+%282003%29.&gs_lcp=CgZwc3ktYWIQA1AAWABg9eMFaAVwAHgAgAHxAYgB8QGSAQMyLTGYAQCgAQKqAQdnd3Mtd2l6wAEB&sclient=psy-ab&ved=0ahUKEwjQ_fOo29zuAhXwo4sKHVLzD7YQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02PCWmLZLDZEPQZBQmL9SlBskSPNQ%3A1612870632416&ei=6HMiYNDpGPDHrgTS5r-wCw&q=8.+K.+Vijayaraghavan%2C+Y.-S.+Yun%2C+Bacterial+biosorbents+and+biosorption%2C+Biotechnology+advances%2C+26%2C+266-291+%282008%29.&oq=8.+K.+Vijayaraghavan%2C+Y.-S.+Yun%2C+Bacterial+biosorbents+and+biosorption%2C+Biotechnology+advances%2C+26%2C+266-291+%282008%29.&gs_lcp=CgZwc3ktYWIQAzIHCCMQsAMQJ1C6ngFYup4BYOmiAWgDcAB4AIABwwGIAcMBkgEDMC4xmAEAoAECoAEBqgEHZ3dzLXdpesgBAcABAQ&sclient=psy-ab&ved=0ahUKEwjQ_fOo29zuAhXwo4sKHVLzD7YQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02r8upwuyZHfaAb6BAF3Ad-exdktQ%3A1612870749533&ei=XXQiYM7zH6CTwPAP9qO38Ao&q=9.+P.+Tajer-Mohammad-Ghazvini%2C+et+al%2C+Cobalt+separation+by+Alphaproteobacterium+MTB-KTN90%3A+Magnetotactic+bacteria+in+bioremediation%2C+Bioprocess+and+biosystems+engineering%2C+39%2C+1899-1911+%282016%29.&oq=9.+P.+Tajer-Mohammad-Ghazvini%2C+et+al%2C+Cobalt+separation+by+Alphaproteobacterium+MTB-KTN90%3A+Magnetotactic+bacteria+in+bioremediation%2C+Bioprocess+and+biosystems+engineering%2C+39%2C+1899-1911+%282016%29.&gs_lcp=CgZwc3ktYWIQA1Da3wZY2t8GYOvkBmgAcAB4AIABAIgBAJIBAJgBB6ABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiOluDg29zuAhWgCRAIHfbRDa4Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02em71eU23-s2Ww8CSAWrfvPUbGJA%3A1612870861903&ei=zXQiYLHMNsqnrgTpo6m4DQ&q=10.+B.+Volesky%2C+Sorption+and+Biosorption%2C+Montreal-St.+Lambert%2C+Quebec%2C+Canada%2C+BV+Sorbex+Inc%2C+11%2C+258-263+%282003%29.&oq=10.+B.+Volesky%2C+Sorption+and+Biosorption%2C+Montreal-St.+Lambert%2C+Quebec%2C+Canada%2C+BV+Sorbex+Inc%2C+11%2C+258-263+%282003%29.&gs_lcp=CgZwc3ktYWIQA1DRmAFY0ZgBYJydAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjx5qqW3NzuAhXKk4sKHelRCtcQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01w3TIwb9neKfKSRMuHwoVceH0M_g%3A1612870883657&ei=43QiYNXIJ-OlrgSWzILoBw&q=11.+S.+Schiever%2C+Multi-metal+ion+exchange+in+biosorption%2C+in%2C+PhD.+Thesis%2C+Department+of+Chemical+Engineering%2C+McGill+University%2C+Montreal%2C+%281996%29.+&oq=11.+S.+Schiever%2C+Multi-metal+ion+exchange+in+biosorption%2C+in%2C+PhD.+Thesis%2C+Department+of+Chemical+Engineering%2C+McGill+University%2C+Montreal%2C+%281996%29.+&gs_lcp=CgZwc3ktYWIQA1CtpQFYraUBYPSpAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiVxtqg3NzuAhXjkosKHRamAH0Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01w3TIwb9neKfKSRMuHwoVceH0M_g%3A1612870883657&ei=43QiYNXIJ-OlrgSWzILoBw&q=11.+S.+Schiever%2C+Multi-metal+ion+exchange+in+biosorption%2C+in%2C+PhD.+Thesis%2C+Department+of+Chemical+Engineering%2C+McGill+University%2C+Montreal%2C+%281996%29.+&oq=11.+S.+Schiever%2C+Multi-metal+ion+exchange+in+biosorption%2C+in%2C+PhD.+Thesis%2C+Department+of+Chemical+Engineering%2C+McGill+University%2C+Montreal%2C+%281996%29.+&gs_lcp=CgZwc3ktYWIQA1CtpQFYraUBYPSpAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiVxtqg3NzuAhXjkosKHRamAH0Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk020Gbyp0jNHkfW4bGCxA0tnviXwwg%3A1612870907003&ei=-nQiYPvuPNyVjgaR2KKoCw&q=12.+L.+Eriksson%2C+et+al%2C+Design+of+experiments%2C+Principles+and+Applications%2C+Learn+ways+AB%2C+Stockholm%2C+%282000%29.&oq=12.+L.+Eriksson%2C+et+al%2C+Design+of+experiments%2C+Principles+and+Applications%2C+Learn+ways+AB%2C+Stockholm%2C+%282000%29.&gs_lcp=CgZwc3ktYWIQA1Dd9QFY3fUBYNr6AWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwj70-ur3NzuAhXcisMKHRGsCLUQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk020Gbyp0jNHkfW4bGCxA0tnviXwwg%3A1612870907003&ei=-nQiYPvuPNyVjgaR2KKoCw&q=12.+L.+Eriksson%2C+et+al%2C+Design+of+experiments%2C+Principles+and+Applications%2C+Learn+ways+AB%2C+Stockholm%2C+%282000%29.&oq=12.+L.+Eriksson%2C+et+al%2C+Design+of+experiments%2C+Principles+and+Applications%2C+Learn+ways+AB%2C+Stockholm%2C+%282000%29.&gs_lcp=CgZwc3ktYWIQA1Dd9QFY3fUBYNr6AWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwj70-ur3NzuAhXcisMKHRGsCLUQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00V-xiyWmSWVF10aAuGd4pWNS6nTA%3A1612870940595&ei=HHUiYPrYI-PLrgSiprHYDA&q=13.M.J.+Anderson%2C+P.J.+Whitcomb%2C+RSM+simplified%3A+optimizing+processes+using+response+surface+methods+for+design+of+experiments%2C+Productivity+Press%2C+%282016%29.&oq=13.M.J.+Anderson%2C+P.J.+Whitcomb%2C+RSM+simplified%3A+optimizing+processes+using+response+surface+methods+for+design+of+experiments%2C+Productivity+Press%2C+%282016%29.&gs_lcp=CgZwc3ktYWIQA1CKngJYip4CYPCiAmgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwj61u273NzuAhXjpYsKHSJTDMsQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00V-xiyWmSWVF10aAuGd4pWNS6nTA%3A1612870940595&ei=HHUiYPrYI-PLrgSiprHYDA&q=13.M.J.+Anderson%2C+P.J.+Whitcomb%2C+RSM+simplified%3A+optimizing+processes+using+response+surface+methods+for+design+of+experiments%2C+Productivity+Press%2C+%282016%29.&oq=13.M.J.+Anderson%2C+P.J.+Whitcomb%2C+RSM+simplified%3A+optimizing+processes+using+response+surface+methods+for+design+of+experiments%2C+Productivity+Press%2C+%282016%29.&gs_lcp=CgZwc3ktYWIQA1CKngJYip4CYPCiAmgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwj61u273NzuAhXjpYsKHSJTDMsQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01bdZdSll3ghmjg9HhV15UsnsAjQA%3A1612870979394&ei=Q3UiYNzEF-WprgTHvLeoCw&q=14.+M.R.+Soudi%2C+et+al%2C+Bioprocessing+of+seleno-oxyanions+and+tellurite+in+a+novel+Bacillus+sp.+strain+STG-83%3A+A+solution+to+removal+of+toxic+oxyanions+in+presence+of+nitrate%2C+Journal+of+Hazardous+Materials%2C+165%2C++71-77+%282009%29.&oq=14.+M.R.+Soudi%2C+et+al%2C+Bioprocessing+of+seleno-oxyanions+and+tellurite+in+a+novel+Bacillus+sp.+strain+STG-83%3A+A+solution+to+removal+of+toxic+oxyanions+in+presence+of+nitrate%2C+Journal+of+Hazardous+Materials%2C+165%2C++71-77+%282009%29.&gs_lcp=CgZwc3ktYWIQA1D2vAFY9rwBYOPBAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwic8q3O3NzuAhXllIsKHUfeDbUQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01bdZdSll3ghmjg9HhV15UsnsAjQA%3A1612870979394&ei=Q3UiYNzEF-WprgTHvLeoCw&q=14.+M.R.+Soudi%2C+et+al%2C+Bioprocessing+of+seleno-oxyanions+and+tellurite+in+a+novel+Bacillus+sp.+strain+STG-83%3A+A+solution+to+removal+of+toxic+oxyanions+in+presence+of+nitrate%2C+Journal+of+Hazardous+Materials%2C+165%2C++71-77+%282009%29.&oq=14.+M.R.+Soudi%2C+et+al%2C+Bioprocessing+of+seleno-oxyanions+and+tellurite+in+a+novel+Bacillus+sp.+strain+STG-83%3A+A+solution+to+removal+of+toxic+oxyanions+in+presence+of+nitrate%2C+Journal+of+Hazardous+Materials%2C+165%2C++71-77+%282009%29.&gs_lcp=CgZwc3ktYWIQA1D2vAFY9rwBYOPBAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwic8q3O3NzuAhXllIsKHUfeDbUQ4dUDCA0&uact=5

2928 Juelowl (£l Lo, ¢ 20958 damme ;216 Lug ¢ gk Lo

AR

15. S. Ghorbanzadeh Mashkani, P. Tajer Mohammad
Ghazvini, Biotechnological potential of Azolla
filiculoides for biosorption of Cs and Sr:
Application of micro-PIXE for measurement of
biosorption, Bioresource Technology, 100, 1915-
1921 (2009).

16. A. Witek-Krowiak, et al, Application of response
surface methodology and artificial neural network
methods in  modelling and optimization of
biosorption process, Bioresource Technology, 160,
150-160 (2014).

17. Y. Li, et al, Removal of copper from aqueous
solution by carbon nanotube/calcium alginate
composites, Journal of Hazardous Materials, 177,
876-880 (2010).

18. R. Kasra-Kermanshahi, M. Bahrami-Bavani, P.
Tajer-Mohammad-Ghazvini, Microbial clean-up of
uranium in the presence of molybdenum using
pretreated Acidithiobacillus ferrooxidans, Journal of
Radioanalytical and Nuclear Chemistry, 322, 1139-
1149 (2019).

19. M. Malakootian, Z. Khodashenas Limoni, M.
Malakootian, The efficiency of lead biosorption from
industrial wastewater by micro-alga spirulina
platensis, International Journal of Environmental
Research, 10, 357-366 (2016).

20. S. Tunali, A. Cabuk, T. Akar, Removal of lead and
copper ions from aqueous solutions by bacterial
strain isolated from soil, Chemical Engineering
Journal, 115, 203-211 (2006).

21. S.K. Sen, et al, Contribution of hot spring bacterial
consortium in cadmium and lead bioremediation
through quadratic programming model, Journal of
Hazardous Materials, 265, 47-60 (2014).

22. X. Ma, et al, Efficient biosorption of lead (II) and
cadmium (Il) ions from aqueous solutions by
functionalized cell with intracellular CaCOj3 mineral
scaffolds, Bioresource Technology, 185, 70-78
(2015).

23. A. Sar, et al, Adsorption characteristics of Cu (lI)
and Pb (Il) onto expanded perlite from aqueous
solution, Journal of Hazardous Materials, 148, 387-
394 (2007).

24. X. Xu, et al, A facile approach for surface
alteration of Pseudomonas putida 13 by supplying
K2SO4 into growth medium: Enhanced removal of
Pb(Il) from aqueous solution, Bioresource
Technology, 232, 79-86 (2017).

25. G. Yuvaraja, et al, Biosorption of Pb (lI) from
aqueous solution by Solanum melongena leaf
powder as a low-cost biosorbent prepared from
agricultural waste, Colloids and Surfaces B:
Biointerfaces, 114, 75-81 (2014).

26. A. Ronda, et al, Combustion of a Pb(ll)-loaded olive
tree pruning used as biosorbent, Journal of
Hazardous Materials, 308, 285-293 (2016).

27. Y. Tang, et al, Removal of lead ions from aqueous
solution by the dried aquatic plant, Lemna
perpusilla Torr, Journal of Hazardous Materials,
244-245, 603-612 (2013).

28. F. Malekzadeh, et al, Biosorption of tungstate by a
Bacillus sp. isolated from Anzali lagoon, World
Journal of Microbiology and Biotechnology, 23,
905-910 (2007).

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,
as long as the original authors and source are cited. No permission is required from the authors or the publishers.

DOI: 10.24200/nst.2020.1178
Url: https://jonsat.nstri.ir/article_1178.html

Aoyl 4 slo!

by, 5l eslil L Bacillus sp. Strain STG-AY lawg oy sal IS Bi> (ojlodigs (V¥AQ) Loge Juclowl lo Lo, (g3 dommo >l Ly yr o onles Lo

WN=) oY A oyl Gloolay (oVbcun; Caz fub 4y,

Journal of Nuclear Science and Technology

Sl (938 5 psle Al

Vol. 94, No 4, 2021, P 102-111

VWAV Y o TR Gl F o )bt AF al>

vl
49;‘[


http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C
https://www.google.com/search?sxsrf=ALeKk01Jrbom5UyLch0FuBaAfvsf-bgYcw%3A1612871005620&ei=XXUiYIKmJaSTwPAPsuu7uAs&q=15.+S.+Ghorbanzadeh+Mashkani%2C+P.+Tajer+Mohammad+Ghazvini%2C+Biotechnological+potential+of+Azolla+filiculoides+for+biosorption+of+Cs+and+Sr%3A+Application+of+micro-PIXE+for+measurement+of+biosorption%2C+Bioresource+Technology%2C+100%2C+1915-1921+%282009%29.&oq=15.+S.+Ghorbanzadeh+Mashkani%2C+P.+Tajer+Mohammad+Ghazvini%2C+Biotechnological+potential+of+Azolla+filiculoides+for+biosorption+of+Cs+and+Sr%3A+Application+of+micro-PIXE+for+measurement+of+biosorption%2C+Bioresource+Technology%2C+100%2C+1915-1921+%282009%29.&gs_lcp=CgZwc3ktYWIQA1DmlwFY5pcBYMicAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjCyO7a3NzuAhWkCRAIHbL1DrcQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01AumtJMp4xZfiWiUZqRrSO05fT2w%3A1612871027450&ei=c3UiYPH9GuiyrgS9uKKwCw&q=16.+A.+Witek-Krowiak%2C+et+al%2C+Application+of+response+surface+methodology+and+artificial+neural+network+methods+in+modelling+and+optimization+of+biosorption+process%2C+Bioresource+Technology%2C+160%2C+150-160+%282014%29.&oq=16.+A.+Witek-Krowiak%2C+et+al%2C+Application+of+response+surface+methodology+and+artificial+neural+network+methods+in+modelling+and+optimization+of+biosorption+process%2C+Bioresource+Technology%2C+160%2C+150-160+%282014%29.&gs_lcp=CgZwc3ktYWIQA1C_lQJYv5UCYKubAmgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwixg6Pl3NzuAhVomYsKHT2cCLYQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk020SjGutHXGJI_khkplnkQM6Ae2bg%3A1612871065259&ei=mXUiYJmgD5iGwPAPjN6H-Ak&q=17.+Y.+Li%2C+et+al%2C+Removal+of+copper+from+aqueous+solution+by+carbon+nanotube%2Fcalcium+alginate+composites%2C+Journal+of+Hazardous+Materials%2C+177%2C+876-880+%282010%29.&oq=17.+Y.+Li%2C+et+al%2C+Removal+of+copper+from+aqueous+solution+by+carbon+nanotube%2Fcalcium+alginate+composites%2C+Journal+of+Hazardous+Materials%2C+177%2C+876-880+%282010%29.&gs_lcp=CgZwc3ktYWIQAzIECAAQRzIECAAQRzIECAAQR1CUhQFYlIUBYMuIAWgAcAV4AIABAIgBAJIBAJgBAaABAqABAaoBB2d3cy13aXrIAQPAAQE&sclient=psy-ab&ved=0ahUKEwjZ0Kb33NzuAhUYAxAIHQzvAZ8Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02qaBo4qkZ2joeC7zJyZf6QN2qiSg%3A1612871084342&ei=rHUiYKSWFMmrrgS0s4CIAQ&q=18.+R.+Kasra-Kermanshahi%2C+M.+Bahrami-Bavani%2C+P.+Tajer-Mohammad-Ghazvini%2C+Microbial+clean-up+of+uranium+in+the+presence+of+molybdenum+using+pretreated+Acidithiobacillus+ferrooxidans%2C+Journal+of+Radioanalytical+and+Nuclear+Chemistry%2C+322%2C+1139-1149+%282019%29.&oq=18.+R.+Kasra-Kermanshahi%2C+M.+Bahrami-Bavani%2C+P.+Tajer-Mohammad-Ghazvini%2C+Microbial+clean-up+of+uranium+in+the+presence+of+molybdenum+using+pretreated+Acidithiobacillus+ferrooxidans%2C+Journal+of+Radioanalytical+and+Nuclear+Chemistry%2C+322%2C+1139-1149+%282019%29.&gs_lcp=CgZwc3ktYWIQA1C04wFYtOMBYLLoAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiknLOA3dzuAhXJlYsKHbQZABEQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02qaBo4qkZ2joeC7zJyZf6QN2qiSg%3A1612871084342&ei=rHUiYKSWFMmrrgS0s4CIAQ&q=18.+R.+Kasra-Kermanshahi%2C+M.+Bahrami-Bavani%2C+P.+Tajer-Mohammad-Ghazvini%2C+Microbial+clean-up+of+uranium+in+the+presence+of+molybdenum+using+pretreated+Acidithiobacillus+ferrooxidans%2C+Journal+of+Radioanalytical+and+Nuclear+Chemistry%2C+322%2C+1139-1149+%282019%29.&oq=18.+R.+Kasra-Kermanshahi%2C+M.+Bahrami-Bavani%2C+P.+Tajer-Mohammad-Ghazvini%2C+Microbial+clean-up+of+uranium+in+the+presence+of+molybdenum+using+pretreated+Acidithiobacillus+ferrooxidans%2C+Journal+of+Radioanalytical+and+Nuclear+Chemistry%2C+322%2C+1139-1149+%282019%29.&gs_lcp=CgZwc3ktYWIQA1C04wFYtOMBYLLoAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiknLOA3dzuAhXJlYsKHbQZABEQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00RNW5S-rPsi7VtqBUbaVUC6ve4dw%3A1612871115470&ei=y3UiYOeFHKOSrgST_LGYAw&q=19.+M.+Malakootian%2C+Z.+Khodashenas+Limoni%2C+M.+Malakootian%2C+The+efficiency+of+lead+biosorption+from+industrial+wastewater+by+micro-alga+spirulina+platensis%2C+International+Journal+of+Environmental+Research%2C+10%2C+357-366+%282016%29.&oq=19.+M.+Malakootian%2C+Z.+Khodashenas+Limoni%2C+M.+Malakootian%2C+The+efficiency+of+lead+biosorption+from+industrial+wastewater+by+micro-alga+spirulina+platensis%2C+International+Journal+of+Environmental+Research%2C+10%2C+357-366+%282016%29.&gs_lcp=CgZwc3ktYWIQA1CppgFYqaYBYI-rAWgAcAB4AIABAIgBAJIBAJgBBaABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwinl5-P3dzuAhUjiYsKHRN-DDMQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00RNW5S-rPsi7VtqBUbaVUC6ve4dw%3A1612871115470&ei=y3UiYOeFHKOSrgST_LGYAw&q=19.+M.+Malakootian%2C+Z.+Khodashenas+Limoni%2C+M.+Malakootian%2C+The+efficiency+of+lead+biosorption+from+industrial+wastewater+by+micro-alga+spirulina+platensis%2C+International+Journal+of+Environmental+Research%2C+10%2C+357-366+%282016%29.&oq=19.+M.+Malakootian%2C+Z.+Khodashenas+Limoni%2C+M.+Malakootian%2C+The+efficiency+of+lead+biosorption+from+industrial+wastewater+by+micro-alga+spirulina+platensis%2C+International+Journal+of+Environmental+Research%2C+10%2C+357-366+%282016%29.&gs_lcp=CgZwc3ktYWIQA1CppgFYqaYBYI-rAWgAcAB4AIABAIgBAJIBAJgBBaABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwinl5-P3dzuAhUjiYsKHRN-DDMQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk038_CeB4y9mrHbSokGw2OAJ8uX1Mg%3A1612871138630&ei=4nUiYJjlJczorgSCkoToDw&q=20.+S.+Tunali%2C+A.+Cabuk%2C+T.+Akar%2C+Removal+of+lead+and+copper+ions+from+aqueous+solutions+by+bacterial+strain+isolated+from+soil%2C+Chemical+Engineering+Journal%2C+115%2C+203-211+%282006%29.&oq=20.+S.+Tunali%2C+A.+Cabuk%2C+T.+Akar%2C+Removal+of+lead+and+copper+ions+from+aqueous+solutions+by+bacterial+strain+isolated+from+soil%2C+Chemical+Engineering+Journal%2C+115%2C+203-211+%282006%29.&gs_lcp=CgZwc3ktYWIQA1DpgQFY6YEBYPGGAWgAcAB4AIABAIgBAJIBAJgBBaABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiY3qSa3dzuAhVMtIsKHQIJAf0Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk038_CeB4y9mrHbSokGw2OAJ8uX1Mg%3A1612871138630&ei=4nUiYJjlJczorgSCkoToDw&q=20.+S.+Tunali%2C+A.+Cabuk%2C+T.+Akar%2C+Removal+of+lead+and+copper+ions+from+aqueous+solutions+by+bacterial+strain+isolated+from+soil%2C+Chemical+Engineering+Journal%2C+115%2C+203-211+%282006%29.&oq=20.+S.+Tunali%2C+A.+Cabuk%2C+T.+Akar%2C+Removal+of+lead+and+copper+ions+from+aqueous+solutions+by+bacterial+strain+isolated+from+soil%2C+Chemical+Engineering+Journal%2C+115%2C+203-211+%282006%29.&gs_lcp=CgZwc3ktYWIQA1DpgQFY6YEBYPGGAWgAcAB4AIABAIgBAJIBAJgBBaABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiY3qSa3dzuAhVMtIsKHQIJAf0Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02RI4WrHXwQUYCb2jxfVReYxjZ8qA%3A1612871157343&ei=9XUiYO2uFMzorgSCkoToDw&q=21.+S.K.+Sen%2C+et+al%2C+Contribution+of+hot+spring+bacterial+consortium+in+cadmium+and+lead+bioremediation+through+quadratic+programming+model%2C+Journal+of+Hazardous+Materials%2C+265%2C+47-60+%282014%29.&oq=21.+S.K.+Sen%2C+et+al%2C+Contribution+of+hot+spring+bacterial+consortium+in+cadmium+and+lead+bioremediation+through+quadratic+programming+model%2C+Journal+of+Hazardous+Materials%2C+265%2C+47-60+%282014%29.&gs_lcp=CgZwc3ktYWIQA1DeqAFY3qgBYMisAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwit_Zqj3dzuAhVMtIsKHQIJAf0Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02RI4WrHXwQUYCb2jxfVReYxjZ8qA%3A1612871157343&ei=9XUiYO2uFMzorgSCkoToDw&q=21.+S.K.+Sen%2C+et+al%2C+Contribution+of+hot+spring+bacterial+consortium+in+cadmium+and+lead+bioremediation+through+quadratic+programming+model%2C+Journal+of+Hazardous+Materials%2C+265%2C+47-60+%282014%29.&oq=21.+S.K.+Sen%2C+et+al%2C+Contribution+of+hot+spring+bacterial+consortium+in+cadmium+and+lead+bioremediation+through+quadratic+programming+model%2C+Journal+of+Hazardous+Materials%2C+265%2C+47-60+%282014%29.&gs_lcp=CgZwc3ktYWIQA1DeqAFY3qgBYMisAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwit_Zqj3dzuAhVMtIsKHQIJAf0Q4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk032NjRrfi85CYUlfw9qhAXBK9i8JQ%3A1612871180919&ei=DHYiYMzQN5qHwPAPkNajsAk&q=22.+X.+Ma%2C+et+al%2C+Efficient+biosorption+of+lead+%28II%29+and+cadmium+%28II%29+ions+from+aqueous+solutions+by+functionalized+cell+with+intracellular+CaCO3+mineral+scaffolds%2C+Bioresource+Technology%2C+185%2C+70-78+%282015%29.&oq=22.+X.+Ma%2C+et+al%2C+Efficient+biosorption+of+lead+%28II%29+and+cadmium+%28II%29+ions+from+aqueous+solutions+by+functionalized+cell+with+intracellular+CaCO3+mineral+scaffolds%2C+Bioresource+Technology%2C+185%2C+70-78+%282015%29.&gs_lcp=CgZwc3ktYWIQA1DErQFYxK0BYKeyAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjMhrqu3dzuAhWaAxAIHRDrCJYQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02bo-L6_MFWFtzHHvMsTUTltWq65Q%3A1612871205764&ei=JXYiYO36LaWQwPAP0e-vkAs&q=23.+A.+Sar%C4%B1%2C+et+al%2C+Adsorption+characteristics+of+Cu+%28II%29+and+Pb+%28II%29+onto+expanded+perlite+from+aqueous+solution%2C+Journal+of+Hazardous+Materials%2C+148%2C+387-394+%282007%29.&oq=23.+A.+Sar%C4%B1%2C+et+al%2C+Adsorption+characteristics+of+Cu+%28II%29+and+Pb+%28II%29+onto+expanded+perlite+from+aqueous+solution%2C+Journal+of+Hazardous+Materials%2C+148%2C+387-394+%282007%29.&gs_lcp=CgZwc3ktYWIQA1Dwf1jwf2DzhQFoAHAAeACAAQCIAQCSAQCYAQSgAQKgAQGqAQdnd3Mtd2l6wAEB&sclient=psy-ab&ved=0ahUKEwitoaa63dzuAhUlCBAIHdH3C7IQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01YvBjYrZOs2ARLfNZGFELWyeFjXw%3A1612871225180&ei=OXYiYKCUCvGSrgSYwJPYAQ&q=24.+X.+Xu%2C+et+al%2C+A+facile+approach+for+surface+alteration+of+Pseudomonas+putida+I3+by+supplying+K2SO4+into+growth+medium%3A+Enhanced+removal+of+Pb%28II%29+from+aqueous+solution%2C+Bioresource+Technology%2C+232%2C+79-86+%282017%29.&oq=24.+X.+Xu%2C+et+al%2C+A+facile+approach+for+surface+alteration+of+Pseudomonas+putida+I3+by+supplying+K2SO4+into+growth+medium%3A+Enhanced+removal+of+Pb%28II%29+from+aqueous+solution%2C+Bioresource+Technology%2C+232%2C+79-86+%282017%29.&gs_lcp=CgZwc3ktYWIQA1DRjgFY0Y4BYI-TAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjglMfD3dzuAhVxiYsKHRjgBBsQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01YvBjYrZOs2ARLfNZGFELWyeFjXw%3A1612871225180&ei=OXYiYKCUCvGSrgSYwJPYAQ&q=24.+X.+Xu%2C+et+al%2C+A+facile+approach+for+surface+alteration+of+Pseudomonas+putida+I3+by+supplying+K2SO4+into+growth+medium%3A+Enhanced+removal+of+Pb%28II%29+from+aqueous+solution%2C+Bioresource+Technology%2C+232%2C+79-86+%282017%29.&oq=24.+X.+Xu%2C+et+al%2C+A+facile+approach+for+surface+alteration+of+Pseudomonas+putida+I3+by+supplying+K2SO4+into+growth+medium%3A+Enhanced+removal+of+Pb%28II%29+from+aqueous+solution%2C+Bioresource+Technology%2C+232%2C+79-86+%282017%29.&gs_lcp=CgZwc3ktYWIQA1DRjgFY0Y4BYI-TAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjglMfD3dzuAhVxiYsKHRjgBBsQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00edDjgCjGrAIG4JJ3eDPn9c3sjnQ%3A1612871320154&ei=mHYiYJXlCIu43AO01YrACw&q=25.+G.+Yuvaraja%2C+et+al%2C+Biosorption+of+Pb+%28II%29+from+aqueous+solution+by+Solanum+melongena+leaf+powder+as+a+low-cost+biosorbent+prepared+from+agricultural+waste%2C+Colloids+and+Surfaces+B%3A+Biointerfaces%2C+114%2C+75-81+%282014%29.&oq=25.+G.+Yuvaraja%2C+et+al%2C+Biosorption+of+Pb+%28II%29+from+aqueous+solution+by+Solanum+melongena+leaf+powder+as+a+low-cost+biosorbent+prepared+from+agricultural+waste%2C+Colloids+and+Surfaces+B%3A+Biointerfaces%2C+114%2C+75-81+%282014%29.&gs_lcp=CgZwc3ktYWIQA1ChlwFYoZcBYIycAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiVkezw3dzuAhULHHcKHbSqArgQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk00edDjgCjGrAIG4JJ3eDPn9c3sjnQ%3A1612871320154&ei=mHYiYJXlCIu43AO01YrACw&q=25.+G.+Yuvaraja%2C+et+al%2C+Biosorption+of+Pb+%28II%29+from+aqueous+solution+by+Solanum+melongena+leaf+powder+as+a+low-cost+biosorbent+prepared+from+agricultural+waste%2C+Colloids+and+Surfaces+B%3A+Biointerfaces%2C+114%2C+75-81+%282014%29.&oq=25.+G.+Yuvaraja%2C+et+al%2C+Biosorption+of+Pb+%28II%29+from+aqueous+solution+by+Solanum+melongena+leaf+powder+as+a+low-cost+biosorbent+prepared+from+agricultural+waste%2C+Colloids+and+Surfaces+B%3A+Biointerfaces%2C+114%2C+75-81+%282014%29.&gs_lcp=CgZwc3ktYWIQA1ChlwFYoZcBYIycAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwiVkezw3dzuAhULHHcKHbSqArgQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk03rQDPP4108T6DDRhPep_ecGgDKUA%3A1612871301758&ei=hXYiYODsLb6PwPAPr6WmqAs&q=26.+A.+Ronda%2C+et+al%2C+Combustion+of+a+Pb%28II%29-loaded+olive+tree+pruning+used+as+biosorbent%2C+Journal+of+Hazardous+Materials%2C+308%2C+285-293+%282016%29.&oq=26.+A.+Ronda%2C+et+al%2C+Combustion+of+a+Pb%28II%29-loaded+olive+tree+pruning+used+as+biosorbent%2C+Journal+of+Hazardous+Materials%2C+308%2C+285-293+%282016%29.&gs_lcp=CgZwc3ktYWIQA1CCeFiCeGDvfGgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwigw4no3dzuAhW-BxAIHa-SCbUQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk03rQDPP4108T6DDRhPep_ecGgDKUA%3A1612871301758&ei=hXYiYODsLb6PwPAPr6WmqAs&q=26.+A.+Ronda%2C+et+al%2C+Combustion+of+a+Pb%28II%29-loaded+olive+tree+pruning+used+as+biosorbent%2C+Journal+of+Hazardous+Materials%2C+308%2C+285-293+%282016%29.&oq=26.+A.+Ronda%2C+et+al%2C+Combustion+of+a+Pb%28II%29-loaded+olive+tree+pruning+used+as+biosorbent%2C+Journal+of+Hazardous+Materials%2C+308%2C+285-293+%282016%29.&gs_lcp=CgZwc3ktYWIQA1CCeFiCeGDvfGgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwigw4no3dzuAhW-BxAIHa-SCbUQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02MUYbpB2P5WDW3sWw_0gXKQpIMZA%3A1612871276707&ei=bHYiYNzWKqbqrgS8_YG4Cw&q=27.+Y.+Tang%2C+et+al%2C+Removal+of+lead+ions+from+aqueous+solution+by+the+dried+aquatic+plant%2C+Lemna+perpusilla+Torr%2C+Journal+of+Hazardous+Materials%2C+244-245%2C+603-612+%282013%29.&oq=27.+Y.+Tang%2C+et+al%2C+Removal+of+lead+ions+from+aqueous+solution+by+the+dried+aquatic+plant%2C+Lemna+perpusilla+Torr%2C+Journal+of+Hazardous+Materials%2C+244-245%2C+603-612+%282013%29.&gs_lcp=CgZwc3ktYWIQA1DYtAFY2LQBYIu5AWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjcvJDc3dzuAhUmtYsKHbx-ALcQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk02MUYbpB2P5WDW3sWw_0gXKQpIMZA%3A1612871276707&ei=bHYiYNzWKqbqrgS8_YG4Cw&q=27.+Y.+Tang%2C+et+al%2C+Removal+of+lead+ions+from+aqueous+solution+by+the+dried+aquatic+plant%2C+Lemna+perpusilla+Torr%2C+Journal+of+Hazardous+Materials%2C+244-245%2C+603-612+%282013%29.&oq=27.+Y.+Tang%2C+et+al%2C+Removal+of+lead+ions+from+aqueous+solution+by+the+dried+aquatic+plant%2C+Lemna+perpusilla+Torr%2C+Journal+of+Hazardous+Materials%2C+244-245%2C+603-612+%282013%29.&gs_lcp=CgZwc3ktYWIQA1DYtAFY2LQBYIu5AWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjcvJDc3dzuAhUmtYsKHbx-ALcQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01ZbdFc2dgwJpRT6GpbGxh0YF-ivA%3A1612871245543&ei=TXYiYJC-IOWFrwTfkpWwDw&q=28.+F.+Malekzadeh%2C+et+al%2C+Biosorption+of+tungstate+by+a+Bacillus+sp.+isolated+from+Anzali+lagoon%2C+World+Journal+of+Microbiology+and+Biotechnology%2C+23%2C+905-910+%282007%29.&oq=28.+F.+Malekzadeh%2C+et+al%2C+Biosorption+of+tungstate+by+a+Bacillus+sp.+isolated+from+Anzali+lagoon%2C+World+Journal+of+Microbiology+and+Biotechnology%2C+23%2C+905-910+%282007%29.&gs_lcp=CgZwc3ktYWIQA1D13gFY9d4BYKXjAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjQmKLN3dzuAhXlwosKHV9JBfYQ4dUDCA0&uact=5
https://www.google.com/search?sxsrf=ALeKk01ZbdFc2dgwJpRT6GpbGxh0YF-ivA%3A1612871245543&ei=TXYiYJC-IOWFrwTfkpWwDw&q=28.+F.+Malekzadeh%2C+et+al%2C+Biosorption+of+tungstate+by+a+Bacillus+sp.+isolated+from+Anzali+lagoon%2C+World+Journal+of+Microbiology+and+Biotechnology%2C+23%2C+905-910+%282007%29.&oq=28.+F.+Malekzadeh%2C+et+al%2C+Biosorption+of+tungstate+by+a+Bacillus+sp.+isolated+from+Anzali+lagoon%2C+World+Journal+of+Microbiology+and+Biotechnology%2C+23%2C+905-910+%282007%29.&gs_lcp=CgZwc3ktYWIQA1D13gFY9d4BYKXjAWgAcAB4AIABAIgBAJIBAJgBBKABAqABAaoBB2d3cy13aXrAAQE&sclient=psy-ab&ved=0ahUKEwjQmKLN3dzuAhXlwosKHV9JBfYQ4dUDCA0&uact=5
http://jaenph.areo.ir/?_action=article&au=158552&_au=%D8%AC%D9%88%D8%A7%D8%AF++%D8%AD%D8%A7%D9%85%D8%AF%DB%8C
https://jonsat.nstri.ir/article_1178.html

