e Ol 90 0 slod (oD Jaw 0398 ¢ Sy ) o (S398 90T 9 pole

o9 @l S Sluy 3l onbluz Sl (S L tawgi & yw (G ) DA

\ R -
ok 2 5 b
*r)l?)}“T g;‘ S0

amozegar@khayam.ut.ac.ir

! Sl olg>

AVIVIY: oy by fo,6 AFINIY el yo &6

ey 5 soing slo Sl pos DS S sl ppes e bt 5 (S Sl Sig) S eilio Rl e o

lo wli> ol Ol oy b Sl o) candst mlio ) (0 S oy diped T ()BT digen TT g ol o el b
i plod PH(NO3); Sl Jsa oo 10 b F 1 cilio (sl cilé caglo PYT Qar S Lo 1 oolizal b oo yes oo (sl
oz b sl g o) W ps Slid oo (o D 9 F/D D iy 0 o 0 ol KAH3 s KAH2 KAHI (clo 4la>
KAHT 300 50 55 oy A (s ool ol oty i 1 ool bl ] opes o ol (2 Ulsi 5 00 o357 Yo
lo iolo;l ol ol Lialsmg/l  FY/F 3 FAIN aw Ae MG/l 1], ooy cilé iy 0 Sl 98 5 FA Gl e dhgu ) 5 A 0
slo (Thg bl el oo Sloj 5 oy Jplomo ay] il PH alor I ilizio Jolge il coni s ol a5 il L2
SP. SIAIN uiz=yd Cdgo ol @ s ol pine slo g Slio b ] duglio g g olodsg 5 Sislaied oulid C
L FPH 5 CAVEVFANO MG/g b ply KAHI wlis e i) iz bl 25Ta> s ool l,5 Bacillus KAHI

el 00y Sl F folei oy j0 18- mg/l cLilé

(DLl Jgm) ol olRails pole s ¢ owlid Cangj 00Siils (659l a9, 500 yidu  Hlutile-Y


www.SID.ir

o2 5 Slodw o )5

Ao s a3 o 3505555 3 poke FY

sp.«(v)  Bacillus  pumilus «(\) flavithermus
() ) Klebsiella pneumoniae . (\) Sinorhizobium
B. s B .sphearicus. Bacillus megaterium
Sl 00l samlice (Y V)cEreus

Sl oS ly S 517N g0 o5 ol 4 a2 L
Ggw 538L 5 gilwlaz Kl el oals Sl o) 0,
G SES Sagi Bas 3)ls 0929 Lo 5IVL Ol b sle
el Sl g oy 5 eaiS Qi Gl 651 sl
Sl (eordg s sla Sl SIVL Qe Bl shils e aisS
ol 315 ol 3L clale

L g, g lge
Sz 2iz3ul

shls ooy glio Clay Glize (25 Y
gl 5l e wigas (5551 gez jslite A (5500 diged oy
b aigas PH 5 0t ool (550 )0 gy lasied sl
b 5 S ol
Sy o digai 5l b 6,51 g5lwlax

@ YO+ TPM o ouds 65,5] gz Clas slo gl
S deSee Vo Glime g oad God iile adds Ve Sue
S b ol slo Ay 4 (Jol> o 5 (22, Jsloee
4 ¥F 7 C sles j0 500958 ¥ Joleo pH L &l e g
W ooad S gl 8L b ISk S s S G
g lox BT capg cnS e 5l ooliiwl b ose] cows
b el
Sz s7Ye WitV K

JIPRECTI YRS RV PPUSCIN B
g sllo) PYT agar Lo i jslaie cpl dr ol cpmnd 0,
P ETND 8 g A Bpeso ojlac ¥ Bupygig V-
oolaxwl (v pH L &V emM clale & MES 5L 4 2J o
D ¥ ) dilise lo bl dame ol & g 5 ey A

0 gy oy lyd ( MMNYO )Y e ALY SO S

D5 e Bl a0 plie G938l i
xlo 0ogdl lo Lluy g 00 Comy) lama ‘_jasﬂ Jele
IS5 pgmadlS pg,S aiile (X I8 g0l jlade 5459
SIS g 305 (oo S e 0 pn g 59, IS
5 bl coodles 55 )il s Sl ddagme o Sl o o
msS| o5 5 ol (0,93 @0 » crge g 4Bl Sllge>
> o»\QYT C)‘i‘ Bi> sla o|) asJlao 9, Q—i‘ )‘| (V) ol =
sl oy o5 ol s bagw)n Sl (65908l
5 oL (bt xSl Lo (gl S loond
wolaidl b sl g wils oo Cudgaore weSas jaml ail,d g
Slo Sy lp o gy onl Vgl i 4dy0 4 p5he
Sl b g, onl Ll g s conlio ooz JT olge 55l>
GOl aiman yls 0,8 i B3l oYL cle clale
S el leds 508 Gla g, w4 cans b )] 5l ol
ok ally e o g Bl b S, 00 el
S S olils Bi lp adly e o Sy e
()oil ste lay sl el
Y e L
e S 318 4 polin o S s Sen Sl (20 02
‘@beb) 6L£b A g as ools uLw.A )..s.>‘ Lng MS/‘) ]
e bly oogll glo e 5l oas laz (6 5 (6 peses
Vo oo e slo g 5| oinr 05l V30 sl
ol Oley mo Bds (sl p aiilys (ag aLBls ()55 sS I sl
Sl 055 )3 0y Ddx sh a3 s Olay 5l Il
Pseudomonas sp. . () Bacillus subtilis
Citrobacter . . () Saccharomyces cervisiae.(Y)
Chryseomonas . (o) Bacillus firmus «(f) sp
Pseudomonas ()  luteola MGF-48

Anoxybacillus gl )5 s :SU « (V) aeuroginosa



Y

- S 6L gl o (S i

e Slie WSl iz sy (VDAL (o0 50l
adsl o Gl 4 S Jole jo onile (BL 5 4l
L SL SS9 5 (559 R

c.fu ml sga> gl b iSL Ggmilwgan 5|
a5 0 il Oy 8 PYT broth Luse a 1/0x) "
Syl az 0 N0 TPM [0 L S jo celw FA o
Ay B0 TPM o Jol> et 00,5 6,105 LS YFC
ST L 5lgo ol Ced ay g 5 5o il akBo Ve S
L (Jlmms 95l b Gai yiler 5l a5 o i ojdgo
Sl aale (Joho 5 eesi Oliee 5 2jes o/ 0 ) @ S
2 5 g 3l (S jlade ((Joho SAS (59 i sl
o0 035 b 5l sogrieed] (om0 Lo (ol At (lapi
JA-°C 391 50 el V8 Goe as b diges ol s
039 +0yg B 5l abg e ploy CBdS Gl aa g ol esls
OV psd ogus S
@ Bd> 50 yge Jolge o)y
@ 02 (5 50 bauze PH 51 (o

g bawg oy o3z 0 PH I eas ol &
Veemg/l gl oyl 3l Jylome lul i
L Y-F 5l calisee PH polie Gl alBlas j3b 4 oy
gy & 51 YL PH piolis 10) wpo )5 agd woly ) alols
odgaze (pl yo o ui%l.aj" Jdo o 4 0l cdolice e
Jkys Y NaOH 4 HCI I pH obas &lp (ai bl
oo Voo la SOl AlST e 4 e 0l ool
g 5 010 Gliee 4 co e Joloe YO M (55l> (55
Ve S s o AV mils KAHT Cie g 5
LS YF °C &)l axy0 91 0-IPM o0 b S o aids
mo)f Lg)l_'xf
@ ()l 50 @y CBLE Pl w2

2 G Jelme adgl cdale S gy n jslate
N B )y G5B Jolre iz glo bilé iy Qi

Loy Gy Bi> p (e pHDY pH L (Y- -mg/l 5 V0

3 s See Vo s OY) 0 3533 +/F0 pm Lo L
Vo) efu mlT spas s bt il
a5 59, Y- 0 ow 4 YEC 59 9 il (g I8 aSU & je0 4

2 s (MIC) Gy 0 oo cile JBlas g (sl

@y B> ol Sl
@Uly Ghls 5p age ¥ bug I Ol Gl
A oshie Gl A ol e e Jed YL
YT efu mlT spas s b S seilsges
PYT cus e Yo ml lls Voo ml sla S
o Sdls 5 s el o ps A- Mg/l sl s $18 PH L &
el 85 FA Goe 4 YFC &)l > ax 0 ¢ VO-TPM o
G5 digas cels U 5 FA (ol oo, iy (g 05 Lo )5
ek il a3 Vo Dae 4y 9 B0+ o TPM ;0 s aiged 9 0l
S ooliial b gy Jsbe 5o owile Bl cye e 3
s (AAS) ol Cir s asidy Sl ol
ol i (5 agihg Al ol 5l j5kiia ool & (1T
L (Canada . Varian-SpectrAA. Y- - Jos) | alxis
03 Jsloe 3 oolil b .t oolicil loayliil C g
510 e B YO ol gl Jsbxe wyus) -+ Mg/l
oobol p Slelors 5 oS 4 0jines I b oy (V-mig/l
Ao &S Cewl SO 4 p3Y BT ol gl ST g
Cold po 5 S plonil 1S5 Jbgo b (el il sla ol
20,8 BIF ol ol sse Spe a4 la gl Sk
(er1o1 bar) Low slas & 50 4 g cpwnd Liobejl slallas
ol e dulore gl ol ool Gisled il isw e
ol g=V(CirC) /'S Jso 8 3l wogzge s Loy
diB) eege bawsi 8 Qi (e Spae @ )l o
Py 0ad 0da 3l e S (e waly b oS el (G 23
Sl sl oads (3135 (NE/EAW) 6 ST Sz 39 05
chle Ci i ey giloyglne Jolo oz Syne V
S o 38l Cromg/l s (556 Jsbne

b mogm 23 039 S el s M/ s 5 (55k0 jgle




oles 5 (Slobw o )5

e bl o buxo 59l gisT g pole 1Ad

sl Shamg S 5l eolawl < (\M(VAYE McCance
Az )0 40 Ay S s (V0) awwl adgs g (V) (65065
A s (FY°C 5 YE YA YO ) Galize lo o)l >
PH 5 od (nend 656 05, Gl PH oogome (izmen
S S pdy Jood Geizmes LS A WY G Sl

@ s pglio (b Sk Gl g 5,500 ¢

wlax AV Jols oL oSL alas A9 Lueghy ol 4o
oy Sl Lgad ¥l ghio 05 laz VA g Cute 08
Sl s 4y
Tl pSaciiabalas/7 Vg VYV Y YA PY o«
oy s 510 MM o ws, 4 06 ) KAHI
g (G olys 51200 MM o s, & ,08) KAH2
Jdo @ (G Sl PO MM o 0, 40 ,08) KAH3
A gle Ghalel sl oy 4 Caglie VL oz

polio sld 4 g (i Ao
o2 KAHT 50 a5 ol oylis code guls awslis
shils ael A% lo S jo o2 g acle FA o cns o
glo cns o KAH2 (550 frizen 5 cosl (Vb i
F9 el YL Cax gl aels A% 4y cos asel TA
10 g iz 386 wels FA gl cs o KAH3 5L
s e 4 el YL i gl wels A5 la xS

O loge3) as ol 51,8 sla iolesl sl

Jham cd5 E oLl 050 KAHL (551 g
AO-TPM o ¥F ° C s (o li8Le,5 aids A+ ooy cosis
A Al i (5
@ (e 50 @y b dgw ag2lgo ploj T (o)
S koo b 655 (megm 53l yglne oy 5]
0 ¥ Jolee pH g (e clale) o mg/l cbale b o
hee YO S 4 jolaie ful 0l odmmi iz liee
Mg/l cble b oy ol Jslro 51 VO ML (gl (5]
AL 5 s 51 Gl oF ol PH 5 ps 10+
YETC o)l az )0 )0-TPM j90 b ,Sed 50 g 0 il
AY £ X Gl ol cadS jlam g oS I8 LS
Vol e 4 abgye b 5l digds ¥F Xee YF
odpzin oad il Sy (e W8S Djgo (550 diged

KQADE%

wled Ciy 9 599 38 b (S (i

(old Cayy oBas Gl S ase aluls
<85 1,8 adlas 8)50 olbendion 9 Si9le S

an BT g b 59y S (ol C5,
Burke g, 4 6,5 sl 5, .0 odnlie celo YT
s (V00,5 0wl KOH cos alwg 4 5 il plsl
b (18) 28,5 abxil slas o,ka b, 5l esliul L oS >
STy 39000 1Y Jole jo Gl adgi aliwy 4y YU
0S| by @ (gilapnST Colad g 285 8 s 050
S ool b g /) @YIST ST e g0 seP o8
St et (b ol E5,0)jlapnsT olel slo S
GlsYs Glsolusand el T oygl s (1Y)
bl il 5l eslanal lsls YT s DNase
-HaSodg s VPMR Glgan sl g yuem ool
V) (V2af Kriegy Simbert iy, olsl p) Jouil

s Harrigan 35, b » Tween 80 ;J5,0.n



fo v B 8L byl 0w (Fm ) @O

80
DO48h B9 h
70
60
% 50
£
= (]
= 2
E 23
g 30 o
15 o
£
= 20 hk
T
T
10 i
Pallnl
0

Control KAH1 KAH2 KAH3
Bacterial strains

Oy 4 Seoglilo oyl ()10 A guw A 3O Oy i (S UlgT amg o —) 410905

< As Mg/l 59> PYT broth luseo jo

Bacillus sp. strain KAH1 >0 cdge job a 5 SiPdmd (ol cou, sl Shy elel

.( JS»)MOJ‘Q)‘)E A g ‘).i{b ul:JUa.AL’MLM )éjwd.g‘}w ‘Sal.:.o.«u}:.a




ol g Slodw o 5 Ao QL § o (55819550 g pole kg
KAHI alas bl ey ) 5 (2 lbiombigm Oluogas ) Joguo
el b (S A b (S
+ Al e 350l Gl als 55y S S
S
+ 74 Y/apm Jokw Jsb
-/Yum Jok ykas
+ Al Jobe lesl 4 K03 5 555 syl SpaBga
Jsko 51 2555 S8 i
- AR - LS
+ (&5l92)55 55 R * ST
- (312235 31 ! + Silod (o9,
+ (&3ls2 235655
_ (S5l 28
- 3955 * Cobe Y 0 08 >
- prey + S5
- Jysle - 3T o,l
¥ 5905 9 - DNase
+ 5elle 5 - Sl 31 ool
+ sodbe + i
- S5 * Sl
- oL 51 oolazl - el
- o es-L " &l i sl
- oL ¥ FY-YD slos ;o 0,
- o, L + | S PRV
(a2 ¥ gloj 5l aw)
- sl Saligls-D - Y-f pH o o,
- Sl SS9 30 + 0V pH o 5,
- Sl g + MR
- Sl o3 - \23
- Js=le)D B els 5elsen
- 5k3S SIM




fv - S 6L byl O (G od
+ A.»S)?
_ SS@D - Jsuil
- }%lj—L - HZS .&..Jy
- S less - sl o1 o
- Sl S g + OelgSel g 0
- A SSY - g0 Tween 80

Cyai e S odwlive [ A6 Lg)..SL UG .L:....\y QS"'\? Y
o glas £ U Y Jolee PH s050me 0 Gy 0d> oliee

(Y Jguz )l aiislas (gl

oy i )0 iliso Jolge il
Oy o3 50 buze pH P ow)

JompH)qumosaoszwﬁw% by o

KAHL 414 (uoges baasgi s yos 0z 50 PH 1Y Jgazr

(43 A oled oylo) LY 100iaS s cdilé e oemg/] iy adsl Clild)

3 5 f v Y pH

i
ARTANI ay/iva APAR avng . ((ARWIR
YA/ ¥Y/-A YY/E- FYIYA (ME/g) o5 cud,bs

03 005)'_‘5‘ oy oS Ld> 6345 .\.>|5 220 ol ol
Vb ao,s Yeemg/l @ cns VO clale o Sy el

] 00 sdaline Lz

@82 (gl 50 @ CBLE JT (o) 2
Qg by oy Qi Gl @l Vs o
Sygo a4 Yoo M/l G0y i slo clile ;o KAHI
Joged) L e 50 5 (V-2 jlogad) @ b (ghmny wd b )l

L ogd g0 odwlice a5 aisS led .l 00l ools lis -b




o2 5 Slodw o Qe bl o ) bnxo (55919555 9 pole FA

70
60 -
50
40 -

H

30

Hi

20

Adsorbed Pb ion (mg/g)

50 100 150 200
Pb Concentration(mg/1)

s v-a

100
90
80
70
60 -
50
40 -
30
20
10

I

HH

——

Pb Absorption (%)

50 100 150 200
Pb Concentration(mg/1)

Jseey -b
Y easS s chale fpH) KAHT «los> owog bwgl Cde 50 O adgl cdale 51—V 410900

Gl w0yt T-b Sl Ods cad b Y- a Sl (ado A i wled o)

S0 SY0 2 2L0i3) ONZ 24 & M4

onl sl o g o, (FAIYO ME/E ) 1AVIEY o 095 oles azlye Gloy Sl pwyp 5l odnl Cuns & @l

sty odz bl S nlpl e 2o Loy ol Y osed 30 e VO M/l Jolonos KAHL wylaz s

LS pH o fA YO mE/gl o KAHT o> o) A3 Vo 5 09l o0 odaline a5 4igS len .ol ools las
ol 009 el ¥ b VO mg/l clale 2 g0 oy 51 CYOIFY ME/E) VY (55l jslme Jol

s> el e g as 5 atwal 5 aew, (FO/AAME/E )



F4

- S 6L gl o (S i

60 -

50

40

30

Adsorbed Pb ion(mg/g)

0 T T

.

0 60 120

180

240 300 360 420

Time (min)

F:pH A8 m@/l: G pw adgl clals) KAHL 4 lus 5 ool dwgd O yw ds 58 (55w yglxe (wlod oy 51T l0g0s

@, 0929 jLro glhas 45 (505lg0 50 .Cawl ouls 0018 (yLiS Hlaw sl g0 a4 jlae Bl il (LY 0uisS s clals

Cewl 0051 b Lo Bl il 50

5l ol Coglie § b gandlS g Seo brwg eSSl
Qg Caoglie Tal imgh cpl jo (VY YY) Glls cpl ply
odpzmiw Glpl sendig i le Cluy 1 (SOl eadlas slo
Shls agn ¥ owaslas oL SL 45w A9 o 5l g 00l
by 5 bl @MFIO 5 FID D) Cwglie Oy
G dygar A b odgie b o] g O pw Qi
KAHL (550 wisgy cuto 0,5 IS5 sl alee slo s 25

oz 4 Blie glerdise Slosas 3:b » KAH2
i oy s Wi gl Glls g esg Beillus sp.
A oanlie Lz 2alS T 5l e g 009 FA el 10 Gym
el FA Slam d9m 90 ool g 0 pw D2 1alS e
9> YL Gheg cnl po Bl el sl s 4 wils
o esalie KAHL 5550 , V0 MM b il o MIC
ool oYU jlade aey ol o Ko Clados b awglas o a5

(Y Jga)

Slp oz Sldas Slls b oonds o¢5” sl e

4 (Sl snes pie S i SllE glls o
9 u..i...w u‘)lﬁ u» ‘5.\[.1‘9) RS (oo J.._im.a ‘) > o..\.«.:}l—l
A s 4 e b ey Ses by e
b Sl o yasee o 7,8 glgil Ul asllas 4y ol Sigy
@ Comyy bapme I OBl (pl Bdo )3 alide slo 6550
ML g s wilsog, 5 cre Sl |5 slo Gl pgas
o0 Y PR PP PO IPSTVIK JCH T EIPUIR S [PVIPSON P
5 oo @ g e o] e ssl Gle (S
Ly oo b e sla olls @l eyl i
6Lb ] L§|)"5 [ .Iam é)‘s s L_ng Q"ﬁ) L
a el sl 0l QLS 5 Olsem coladl (sl 055 41 vt

b Al gliee o oing alaly 4 az g L (YY) 0 wales>




olybwos g Slodw 1 5

A plamsll e Lo 5919255 g pole o

b €501 5P PUL 5 0219131 583 2118 20 $2 M MIC UpsTi zbpsPl -&%5 @

&b ol iy <y MIC o &AL
(Y¥) Raja et al.(Y--0) Veo-Aee mg/l (+/0- YmM) odid 3,58
(YO) Kim et al.(Y- V) f.. mg/l ( YmM) Bacillus spp. CPB4
%) Afrasayab et al. (Y--Y) V... mg/l (omM) Pseudomonadaceae.
Vibrionaceae

(YY) Mergeay et al()aA0) o mM coli Escherichia
(YA) Malik & Ansari(y--Y) v#--mg/l (A mM) odis b,l58
(YA) Malik et al.(v- -Y) Yf. . mg/l (\YmM) IRVARE S

alie oyl S5 Cilie v. .. mg/l (\omM) Bacillus sp. (KAH1)

s Jlail slo (e g gldl 5 (30 Wl (oo halS
OF) il g oaisS L

LB olee 2 60l 53U 5 ean VTl Goles e
50 o HIVY as ol ylis sdel Caws 4 s o)l i
Volam i pliee 5 o svaline 518 ules ol adds Y
o e glosl e 4y Wil o 45 el 0nd ol el
e g Ray Liug a5 _iegh ,0 asl o Jlail
Bacillus cereus _oles Jsl aids Vo 0 w285 sl
a4 aEBS Yo 3l am 5 ab saalie w5170 oy LM g
Bacillus  Lug o od> 5 () aew, Jobs
V0 olej 5o o, 5es g Tunali adlas o,50 sp.(ATS-1)
Lug Jols gloy ,o 53l el 9 .(VF) o, Jolay 4y ai o
o asl 650 Jb oz s 4 wily 0 KAHL 51
3yl il 65 (GYsb plej a4

slo 1S 50 sael cwns el anlis L
ol 5 @l o cdale PH a5 09 o glinl wilise
3y oo B 4 ) 0de ol o] 0 &5 Lules
@ Wl s ol s el Syl Galize gla oaiS i
2 09750 G sle o Jlail gl e 5 sl o olss
il bgsye b oaisS Ciz (nl slo Jske gl

Oy Gy a2l &89S S8 Iy (o
lsan gl Ogline alide Sl el g S Loy
S Sl (g ahal gly osill job ) b gl e

sl el e G 4 oK Sl 4 ooyl

) sy i anld oS cool oo Jole pH
09,5 b 55 slo 5l (iSils ams o 1 Sl o
DA & ogey )3 485 8 09 55l (8 60 ,Shee sla
sy, Jsle PH sl Gulos L PH ke
s 09 Gsmlin Susdee 9 S sl O CD
b o 1) (g sanS Qi Joko o)lges 53 oo Shes
DR A = B R
(olege) oS iz g5 b ol (Sao (0l g 0B (o0 yuesS
PH olie o Vs i (3 slo o) owisd B3
sl s cale gl cde 4 P (gle oy5y (#<pH) YL
JS8 @ oy b o g cnl S5 5 Jglme 50 39250 OH
2 oy Glme a0 g WS e g, PH(OH),
PH) (b slo pH o ol o (alS Lo (551 Gyt
sl sl ol ke, dteails il e 4 (a8 oY
Lol oo 2ol o ol ol 4 (38 slo (g gy
sl G o dgigps ade 4 X 4 YV pH Ll
GIPBl el b Johe o 58 60, 8hes o 095 (Ll
()29 (oo 03938) o D32 (e 0 e jo ail (o
& 50 38 Gas e (Ve emg/l ) oy cdale iolidl b
ol il oo Rl (@) ey 0ailS iz 0o ol
sl G5 ghe o SR cde 4 Wlg o Rl
2l (eVlgeS slo 235 Ol & atly) SCSly 2SI
Pl 4 Sl oy Yoo MG/l cLle o Qi e Js

ol g cel ansls zals Y sga> N0 mg/l clale s



Ay

- S 6L gl o (S i

(S Jola e I L 5wl TP )
2Bl lB 6 55h G 5l e e 50 0ud L e jlade
Gl ke ol Sl s il RlS i ass J
wils TV e L AP Ll b o] oSl Lawg o
A Jolo o g 3100 MG/l gl Jolome 0 5 g
O (V0 mE/l Gy gl clile o Lis> FYME/E )
Slead ilulazr uslenly Gz 4y et 5L (e
Jls ,o ol Kea 3 Nourbakhsh by saio sl lay
shls Yo emg/l oy adgl cdale 5 ¥/0 pH jo 55 Y- - Y
) ME/E) ool A ME/E Jolao oy iz 5 5V
Slaslie ol (YA) (V0 ME/l ©yu adgl clale o Lis
50 sle GialesT b b sl iolej] mls a8 ams o oLt
@l PH paniy)l jo a8 (33 g o)l csllas aie) ol 5o
Jds 4 Wl (oo )]0 929 alide b g )3 0y S
(F Jsoz) asb b o sl o cglis
2 b 9300 6L (nl a5 05 Jlgael G5 (o0
sl Clas 5l Gy B3> jslate 4 Biosorbent sy cys
Sl oogll seio gl lay ahal o 5 sl ooyl

2,5 1,8 eolatul 5550 (S

Jsloee adgl cale L 5l (55UsS Lalp )0 alisee (el
slos i mlos oy PH ouds el (5 0055 (liee w5588
g ool plxl oS lasme SluS 5 Sl 590 il yglne
e |y (Gey) Cedib (liee wiily (oo Jelse (nl (oo
Sl el )l S Ol amlie (IS job 4 calpl waies
oogome § Lyld 5 0 o o] San a5 loj b calise
A0l (355 Wlg (03 (NgdS () 0dl 53 3 )l5e 5l et
oy Py 2I> Jo)d (e dealie plie o

oz & et &5 taghy cal 5o ead sjlulax KAHI
clale o (FAIYO M/Q) 1AVIFY Jobes iy o Lwshonsl
Jl s ol5ea ¢ Tunali a5 Jb> o g 10+ mg/l
o ] Jawg oodlaz wpw L3l dygu a5 wisls olis Yoo 0
Sl slls w00y Bacillus x> 4 Glae oS
adgl cdale ;o AYIYY ME/E L ol o i cud,b
039 488510 ,0 9 ¥ Jolxe pH counl« YO -mg/l
OO0 ME/l 0w adgl clile o L= 00 mE/g)
Gz wyp 4 Voo Jlo o olSes 5 Ry (rizes
ol s wsls,y Bacillus cereus M 5. 5\ g o yos

4880 Ve 5l am g 00gr @ e lal jo i a5 wols lis b

pH 5 saliel b AT Ol (uimen 0l Juol> Jolas



olybwos g Slolw 9 35

Qe bl oo § bz (55919555 g pole oy

Bacillus sp. iz a3 Glaso © yw 008 @i b 6 55k bwgs (G j oo —F Jgu

by a citrobacter sp. Journal of General
Microbiology.130:53-62

Salehizadeh, H., Shojaosadati, S.A.
(2003) Removal of metal ions from
aqueous solution by polysaccharide
produced from Bacillus firmus . Water
Research. 37:4231-4235

Malekzadeh, F., Farazmand, A.,
Ghafourian, H., Shahamat, M., Levin,
M., Gin, C., and clowell, R.R., (2002)
Accumulation of heavy metals by a

bacterium isolated from electroplating

effluent. World Journal of
Microbiology and Biotechnology.
18:295-300

Chang, J.S., Law, R., and Chang,
C.C.(1997) Biosorption of lead,
Copper and Cadmium by biomass of
Pseudomonas  aeruginosa  PU2I.
Water Research. 31:1651-1658
Burnett, G., Handly, K., Peak,

D.(2007) Divalent metal adsorption by

@3> 4 g e Cad b o) 2 (g donte byl RUELSTY)
(Mg/g) w3 | PH | Gy clile | olos gloj | (PO | (/1) o
(mg/l) (min)
Bacillus / / Tunali etal.
sp.(ATS-1) C )
Bacillus / / Ray et al.
Cereus
MI116 ( )
Bacillus / - Nourbakhsh
sp.(OGUB ctal. ()
(wet cells)
001)
Bacillus sp. FAIYD £/ \0- Yf- vf ¥ (v-g wet s ol
KAHI
( / cells)
& Sl

235513 oo 990 528

&L

Malik,A., (2004) Metal bioremediation
through gowing cells. Environment
International. 30:261-278
Shumatell, G., Strandberg, W.,(1996).
Accumulation of metals by microbiol
cells. Comperhansive biotechnology
chepter, 13: 235-241.
Strandberg, G.W., Shumate, S.E. and
Parrot, J.R.(1981) Microbial cells as
biosorbents for heavy
metals:Accumulation of uranium by
and
Applied
Microbiology.

Saccharomyces cerevisiae
Pseudomonas aeruginosa .
and Environmental
41:237-245

Macaskie, L.E. and Dean,

A.C.R.,(1984) Cadmium accumulation




oy

- S 6L gl o (S i

16. Murray, R. G. E., Doetsch, R. N. &
Robinow, C. F. (1994).Determinative
and cytological light microscopy. In
Methods for General and Molecular
Bacterioligy, pp. 21-41. Edited by P.
Gerhardt, R. G. E. Murray, W. A.
Wood & N. R. Krieg. Washington,

DC: American Society for
Microbiology.

17. Simbert, R. M. & Krieg, N. R. (1994).
Phenotypic characterization. In

Methods for General and Molecular
Bacteriology, pp. 607-654. Edited by
P. Gerhardt, R. G. E. Murray, W. A.
Wood & N. R. Krieg. Washington,
DC: American Society for
Microbiology.

18. Harrigan, W. F. & McCance, M. E.
(1976). Laboratory Methods in Food
and Dairy Mocrobiology. London:
Academic press.

19. Atlas, R. M. (1997). Handbook of
Microbiological Media, 2 nd edn. Boca
Raton, FL: CRC press.

20. Parry, J. M., Turnbull, P. C. B. &
Gibson, J. R. (1988). A Colour Atlas
of Bacillus Species. London: Wolfe
Medical publications.

21. Benyehuda, G., Coombs, J., Ward,
P.L, Balk Will, D. and Barkay, T.
(2003) Metal resistance among aerobic
chemoheterotrophic bacteria from the
deep terrestrial subsurface. Canadian
Journal of Microbiology. 49:151-156

22. JiG, Silver S. (1998) Bacterial
resistance mechanisms for heavy
metals of environmental concern.
Journal Industrial Microbiology. 2:67-
75

23. R.Bruins, M., Kapil, S., and w.Oehme,
Frederick., (2000) Review Microbial

resistance  to  metals in the

10.

11.

12.

13.

14.

15.

the thermophile Anoxybacillus
flavithermus in single and multi-metal
systems. Chemical Geology. 244:493-
506

Jensen-Spaulding, A., L-Shuler, M.,
W.,Lion, L.(2004) Mobilization of
adsorbed copper and lead from
naturally aged soil by bacterial
extracellular polymers. Water
Research. 38:1121-1128

Garni, S.M.Al.(2005) Biosorption of
lead by gram-ve capsulated and non-
capsulated bacteria. Water SA. 31:345-
350

Selenska-Pobell, S., Panak, P., Miteva,
V., Boudakov, 1., Bernhard, G.,
Nitsche, H.(1999) Selective
accumulation of heavy metals by three
indigenous Bacillus strains, B.cereus,
B.megaterium and B.sphaericus, from
drain waters of a uranium waste pile,
FEMS Microbiology Ecology . 29:59-
67

Konopka, A., Zakharova,
T.,(1999)Quantification of bacterial
lead resistance via activity assays,
Journal of Microbiological
Methods.37:17-22

Ray, L., Paul, S., Beara, D., and
Chattopadhyay, P., (2005)
Bioaccumulation of Pb(II) from
aqueous solutions by Bacillus cereus
MI116 , Journal for Hazardous
Substance Research. 5:1-21

Tunali,S., Cabuk, A, Akar,T., (2006)
Removal of lead and copper ions from
aqueos solutions by bacterial strain
1solated from soil , Chemical
Engineering Journal. 115:203-211
Baron, E. J. & Fingold, S. M.
(1990).Bailey and Scott’s Diagnostic
Microbiology .8 th edn, St. Louis:
Mosby.



Ohses 5 Slodw o )5

e bl o j o 5919255 g pole of

27.

Mergeay M., Nies D., Schlegel H. G.,
Gerits J., Charles P., van Gijsegem F.
(1985)

28. Alcaligenes eutrophus CH34 is a

29.

30.

facultative ~ chemolithotroph ~ with
plasmid-bound resistance to heavy
metals. Journal of Bacteriology. 162:
328-334.

Ansari, M. 1., Malik, A., (2007).
Biosorption of nickel and cadmium by
metal resistant bacterial isolates from

agricultural  soil  irrigated  with

industrialwastewater. Bioresource

Technology. 98: 3149-3153

Nurba,s Nourbakhsh, M., Kili¢arslan,
S., Ilhan, S., Ozdag, H. (2002)
Biosorption of Cr6+, Pb2+ and Cu2+
ions in industrial waste water on
Bacillus sp. Chemical Engineering
Journal. 85:351-355

24.

25.

26.

environment.  Ecotoxicology  and
Environmental safety. 45:198-207
Edward Raja, Ch., Anbazhagan, K.,
and Sadasivam Selvam, G., (2006)
Isolation and Characterization of A
Metal-resistant Pseudomonas
aeruginosa Strain, World Journal of
Microbiology and Biotechnology. 22:
577-585

Kim, S.U., Cheong, Y.H., Seo, D.C.,
Hur, J.S., Heo, J.S. and Cho,
J.S.(2007) Characterisation of heavy
and  biosorption

metal tolerance

capacity  of  bacterium  strain
CPB4(Bacillus spp.), Water Science &
Technology. 55: 105-111

Afrasayab, S., Yasmin, A. and
Hasnain, S. (2002) Characterization of
Some Indigenous Mercury Resistant
Bacteria from Polluted Environment,
Pakistan  Journal of

Sciences. 5: 792-797

Biological





