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(1) EPA = Environmental Protection Agence
(Y) Pseudomonas aeruginosa ASU 6a

(") Pseudomonas aeruginosa

(f) Bacillus cereus
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(M) Particles

(1) AAS Chem., Tech. Analytical CTA 2000 J..
(V+) Kinetic

A



yyay )L& ) D)w XY 5)93

bug ©la 5l Grly 9 s ey (S Cjpeon
dlﬁo)b 4].3‘:00 5.3 ).b clﬁ:u.n> d)L-AM) ).) Lol .J){SL_;G ).EJ ).) ).u

ABd o b lwgie slaclale go3l > odaly o0

cox g b azmid
o33 s sl 39

S v )5 SoySl g See lraddlas L
Sy b yo 3 g lae Ol b gt 51 8 102 ugiliwr pop5p
b pasude e Ol fgilge bwg S jled b
o JUIS" jlad laie of dlwgy Sl Lo b ol (Lt nadllae
el ialsdl ede .cél ili8l BET ix Suls ohg odaw 4
ol ol Sl gt JS5 5 59y ozl Gl e
Wlg e g g odd b Sls (o gladijg, loj ST
Sl yo 50 adlllas dyg0 Ko > Ll dui ) LN )bl 3)lg
e Jub sbg)S 4 bape Jsl dlsye ol il
B350 )8 o S e (Byre 3 & el S
boye Yok sbolej 13 o5 oliee 4 pod dbye o g
03 (e Fyy & Cawl (raw (slog)S 4 ol oyl Ll 4,
() JS5) $lors AT e 5

FT-IR (ot b dluns gy 43 3285 b (iloonss (sodaws (l0g 5 (s
s 3559 59y > (Pl Jb (slvog S s sl
A5 odliiwl FT-IR  gruscads oSy dawgey 4300
Ot Ol ms S dasd o boontigy aile JI laceS s
9 ol Sile iane slogygy g sl Sl (e gl
rbel b Sy (oo (slaog)S der Sl o e
bgye yioilo » 0¥+ 5 VSV oKy ol WSy
S 5155 41 bogepo \WEO YA (clacSy 5 (g 5 el
bl ) Blody 4 baye WA Sy (S 095
Cdy 4 Sl maw slrog) S pl dex ¥ oojless USG5 0
Sl pdaw 53 45 JuwS'92)S 09,5 jouin Canl ol o3l LS
5 oialel ol pll bl Jlo)ss ol enlil 3yl )3
S99 IS8 3 jeas 0 Sl mhaw Jlb (glaog)S aulie
0)lgsd aws 43 dg90 COOH ole oS ] oo Cauwd &y doxs oy

o S (89 #9890 plojer ringn Wulyd ow

O] (sowmd (om0 § (oo A gl

SV SesS wlsnl el o3 pupihe s
03k ) PH lats (gl - €85 g0 Sile )5 8 e b
olizs] STy p0d i ¢ il SIS gy0m 10 £ oY

3,5 &ygo(V0 °C) olislojl slod ;> b jiolejl g Ad

@i sloop
< L

g S 5 @5 o ol Tislser oy el
A o] ).’%iy ddlro )‘ ()“J}"/)'“’ w})/}.‘?
ahe :

L *~e

(5 3.5 ) 95 3 o 3 IS 5 s e €.

Pl e > DMl g9y p IS8 gy chile g
(55 5 £55 )

(15 9 5 o) ol il (5 G

(15 2 5) ol el

Dgd e &) a5 )3 5 Saans B pgeSY sloden 3)90 )
o ol (olod wdlge cull il b WL Slaw
plocliw 5 3)l 3gng oligd Cla oo S b wis Sy
Ao STy b oSl S5 L g e JoSlge S

b ) ©pgods 5905Y (lad IS5

) Yooy )
= _t
de bL'qm Ce dm
1 ool 50 glaigd (sloden dilee 3l yuisren
\

de ZKFCeE
.‘99.3)» W)J 4 4540394' G.J.\;a)s dmeL»n 51( U] Phl as

buwgio U oS sla clale gly laad § cul o500 dolee S
Inq, =InKy +LlnCe

N
dl.!bo.)]b KS & In Cf >y In q stb)lJ&o p) L)
5 4wl InK L».p I uess g Un b cud ( aKik)l
Jeo 93 2 Ngdioe dubre kg0 (g gduig)d slacul
i s Jao Gyso yo 0 oo al)l oY SO ol gl y

(V) HC1
(Y) NaOH

AY

(*) Isotherm

Ry F = (oole



yray )l« ) b)w Y 5)93

Ol Ked g el (waos] ylodw

Ol (oo (ot digen § Lsomad & il

(g2 rigpad SS9 ySUl 9w ;o Aluwrg &1 sl pwgT59 5 ool Cawday yrgliad =) JSUd
{ Ogmilwgnr and ) slalio O 5 (315 )55 51 dns wigTpaw (wpTp9 (Comly 9o« (315 (1032 9 gt 51 B (popilpw (o355

sl » b dhwgay 36 Qo bl gloj il e
O35S sl L 29 j0 by SUls jacdd s dix S
Bl oo e Wiz d9a> )3 Sl (p)S Sl g joy M e
ok ol 3 adlas 3j9e Sl > Pl ploj iy
9 g b amlie 1> (g §oVsb b ySh b amlis
2l 5 Gtalefl ol ailen il ge 1S oloj ol S S
(F JS5) Lol Canmday Gglisio oo a5 A ploo] (laie jue)

B sgas 4 Jyane g e Ol 3 oy e Sglis i
oo slootiyS & Jlasil o a5 035 0 Jgeme Ol )3 S
S9) I Sithw dunlio b A8 0 <y IS5 9 59y 0L >
g S 5 ool Colds i pasedie g Sl g e o >SS
Lol 5" Slacluy 9 g Sl nio gbaoslisial )3 (g (o0 g 0395
Cawd &y doud oyl Hl5 Dyge oxie dalllas b pioren )8 ool
b o i 59y b dumalio > S e 03]l o Wl 0

Loopd sl sislo 3T
g Mo Oy @ IS5 5 59y 3B Ll sloden (slatale]
A5 pbsl Sl abgdy plojer Sjgod plores
s 03558 basgi Jzane Ol g slaie Ol )3 lales] il
ba &jgoh 1) Sis dlugas IS5 9 g9 38 da cloden
90 pl Ol gl £ IS 0 oS Sy e e ol
)494.<JY JJ.o L)“’L"‘ 2 W) um UL")WE odlawl O yguody
Mibo £)5 p Jgo (o VY Ol Al 59y 8 Ol
Aol oS p s e cA0 USS o e Al

9 = ol

oo

protiine 1265 : acides 149 .
wvlique

zxsuce;lzzqzh 1630+ s g,
1461 : 1384
Yo
Qe+ YFesr YQee YFfeoo Qoo Yfoee Qoo Feoo
cm™

(29w S gy Sl s (lionsd (59,5 oo Y S
Eywgs

ol 5 glpe g 2 58 Glr o bl i ol
Jlasl 25 ooliil mlio > e anlyd )5 oa liome & 90 &
ol o 203 (gilulir ol S S5 095 4 516
ol 3old g 09d e JeuS)S 09)5 4 Jale made g e
Ar g9 IS Sl Gl il sl G P54l

Al w9 w2 jste ol (Slocigs (il ST e

Sl (5 s lo 3T
o559 0355 (5) gy S5 9 (59 Stipw ¥ JSS
(gl 23 YO (glod yoykaiie O 5l edlital L pupili
428> ¥+ dgds )0 da Pl loj b 0aiS 80 390> pH
Sl o ol Gl ledily loj cpl cdlS I ae bl e
Cyeal b Sla 1 gimio slroslinal 3 ol ploj el

AA



yyay )L& ) D)w XY 5)93

9, ]
}z 1 oo B -0
4 ’/A’ C
) R o~ st & 7
B o R
% o o *
—_ ] .
X .
'%3 +f Ce
\‘Il\ A DA
< *
K '/Yi j' & i o) B T lediag S0 5B
\‘Ilw 7%
O
. N o Y .Y
(135 5t Jgo sho) Jolas clilé

G311 © g0 yhie OF )3 (59, 9 JS Cusli Glodpn = O S
9 shio Of ;3 3 5 Jse e YAV U v ey I clile ol5m)
(5 e S e v 0 Sla ke

(05 2 055 ko) Jolad > oy b
4
o

" AA _fAA A A
jA . A ,a o FAN
Y =
Iy A sy cpla )R A(S ey
=
. el o) Y oY
(135 5t J3o o) Jslos clals

9 ki Oypoa Jhalle OF 13 (59) 9 S Cul Gloder — FUSU
A 2 Jgee YAV B 00 )Y 5l CllE i) o2 b O g0
(5 2 o) o 08 Sil> Clile g yhaio O 5

b e oy 69y 9 G Slader S0 oy
sl yol)ly puzed Al 03> LA 5V sla Sy 5 9eSSY
S35 9 S8 5B 93 y9> 53 lojen ©jgods 50V (Sloden

ol 045 031 Lyioles ¥ Jgds pd

S5 4l
B> Ui F g gyd i bl odel Cowd 4 (slaases
il &S i 4 g cwl S P gy J ode ) 5 Sl oS
e 9 melS o0 JlEe plod 43,5 0 &g S5 5 59,

A

o S (89 #9893 plojed ringn Wulyd ow

O] (oowmd (om0 § (s A gl

I
3 Fos L
4 T
- FO4L i o
R Y
) e
% Y/a-}k_i\'il

v TREE—— s
2 e e
X ‘.
}3) '/a'

" Do Yoo [TV Yooo

(ads) oo

ko o 13 Suls dlwgdy S5 9 (89 (2 S St Y IS
S cile g 5 g oo e + YD USS g g9, gl cdals)
(A 05 008

S P -

(3 2 005 (o) 89y 9 S5 38

. Do Yoo Ve Yoo

(ads) oo

Jyore Of 3 Sla dlewsgds S5 9 (S9y 092 S Sty =F S
S clile g 5 g oo e 2D USS g 89, gl cdals)
(A 05 008

yane o1 3 Dl talS 108V 5 BV S5 5 ) 518 4l
ol Sl it b S8 > ©la el e b o
a> jl pde glaadlae 4 5l &S bl g9 B Cls
i) 1 psS e BV i 15l o 01idly (sl puate olend
1595 S8 38 oy b o Culby g Jgans O )3 S|
ol 2gde adlas 3)50 (53l clays Gl lals sl
3 e Ol gy 9 U8 cbon i e
clild Gla sloden ol lis s bl o (6 S
(V si2) @35 g5 9o dols ) jlatio Ol )3 alllas 3,50
@INg s lee I Jgere Ol o sl opl Gl lise Jy

Ty R



yyay )L& ) D)w

‘YY 5)93

Oy oR 9 e (wos] ylades

O] (sowmd (om0 § (oo A gl

wpilpw wsTsd Sula gl US89 59y i Sleded b dll) )3 12900V (gl Sl )b =) Jgu

4 rY Qqm (mmol/g) by ( L.mmol ) )13 )
AAY SN-A a5 Zn"
<A <A¥S \ANas Ni*”
\ / / / /
gl sTs8 Sl bawgi SS9 (595 i Sloded b abal) )3 gdaig 8 (s el Y Jgoa
4 N Kg (mol\'\/“.L\/“.gl_) \/ng Bt )
< AFY < \0F - XEY Zn"
- ASY <5V obe ) Ni'f
\_ / / / 1 J
Slae 908 a3 Sl s S5 3 83y i Slo3ph bl 53 ugeSY (6 sl Y g
Y
4 r qm (mmol/g) br. ( L.mmol ) it A
. ASA Fe¥ YN D (USG90 ygi> p2) Zn”
. AY
K '/\/\\ '/\“V\ A/\/\;’ (69) O yga> ).)) Ni /
# 5
e
s f = ¢ 2
E (=] ¥ /
E v E f/
=0 01 (g7 ¥ v
%a y= 00806 + 26978 = & y=0.0325% + 24780
g x Re- 0,980 PR Re- 0.9678
- =
) ¢ Nimthepresenceof 7n O
—T.inear (Ni in the nresence of 7n) v oo iepresdicc ot

- Yo ¥fo e A+ Yoo
1/ce (L/mmol)
shie O 13 (595 g ypde D JSH Cul Glodpr - A S
YAV G ooy 5l cdale O‘}:«e) yee5Y (s Jue 5l ealew! b
(i 2 055 (oo o0 Sl> il g o O 3 5 0 Jgo (o

2oV Cad & gl oS58 Sl 5 il go el Siir3l
YL e o b o)l 1 Ol (B33l 5 s 3T
(logtd Sibr b Jgare Of > 59y 9 S B e
kol 4 odgll (slacbuy aiias (ly caio ol Glge

2,8 ool pSiw

IR IY o ol & P8IV 2l o Al

g3 = (ole

. Y. o e Ae Yoo AYe
1/ce (L/mmol)
o3lisn! sl O )3 UKW (992 985 )3 (59 Sl Sloded =Y JSU

S 2 dge o ¢ YAV G009 ) I CBIE (5 ) 51905 (b S §f
(e e oo Sils clile g o Of

o b b JuuS'g )8 o (gloog S g9 e & S o5 g,
Cuto b gl K 5 e sl L &S cul (COO)
gaw p il ol o eel g oy Sy IS5 5 o) o &
oS5 gt IS5 5 (5 Bl dindy D90 e S
el ity Sl 23 (39 p5 2 Jge e A0 9 oV iy 4
Gilwhis bl 3l odliinl 5 Canb » S ol ol slalide

9.



WA 5l ) 0 lond Y 093 e S5 69y 1B 95 Blojer Diagm A0l v B

Y

[1] Texier A.C., Andres Y., Le Cloirec P, Selective Biosorption of Lanthanide (La, Eu, Yb) Ions by
Pseudomonas aeruginosa. Environ. Sci. Technol., 33, p.489 (1999).

[2] Sheng P.X., Yen-peng T., J. Paul C., Liang H., Sorption of Lead, Copper, Cadmium, Zinc and
Nickel by Marine Algal Biomass: Characterization of Biosorptive Capacity and Investigation
of Mechanisms, J. Coll. Inter. Sci. 275, p. 131 (2004).

[3] Reddad Z., Gérente C., Andres Y., Le Cloirec, P., Adsorption of Several Metal Ions onto a Low
Cost Biosorbent: Kinetic and Equilibrium Studies, Environ. Sci. Technol. 36, p. 2067 (2002).

[4] Romera E., Gonzalez F, Ballester A, Blazquez M.L., Munoz J.A. Biosorption of Heavy Metal by Fucus
spiralis. Bioresource Technology, 99, p 4684 (2008).

[5] Aksu Z., Acykel U., Modelling of a Single-Staged Bioseparation Process for Simultaneous
Removal of Iron (II) and Chromium (VI) by Using Chlorella Vulgaris. Biochem.Eng.J., 4,
p-229 (2000).

[6] Volesky B. Advances in Biosorption of Metals: Selection of Biomass Types. FEMS Microbiol.
Rev., 14, p. 291 (1994).

[7] Ahmady-Asbchin S., Andres Y., Gérente C., Le Cloirec P., Biosorption of Cu (II) from Aqueous
Solution by Fucus serratus. Bioresource Technology in Press, 99, p.6150 (2008).

[8] Langmuir I., The Constitution and Fundamental Properties of Solids and Liquids, J. Amer.
Chem. Soc. 38, p. 2221 (1916).

[9] Volesky B., Weber J. Vieria R., Biosorption of Cd and Cu by Different Types of Sargassum
Biomass. Process Metallurgy, p.473 (1999).

5 soed Ay Sl WL I ealiiel b (650l sla Gy 1 puedlS Bl il ol jende [V 0]
(WA AR o FA(Y) ¢/ sased seontigeo

(VYAQ) XY o FO(Y) e/ rand (ki 5 (sosed dppi s 2l glho Gy Sy 9 I

[12] Vaughan T., Chung W.S., Marshal, W.E., Removal of Selected Metal Ions from Aqueous
Solution Using Modified Corncobs, Bioresource Technology, 78, p. 331 (2001).

[13] Tobin J.M., Cooper, D.G., Newfield, R.J. Uptake of Metal lons by Rhizopus Arrhizus Biomass,
Applied Environmental Microbiology 47, p.821 (1984).

[14] Sari A., Tuzen M. Biosorption of Pb(II) and Cd(II) from Aqueous Solution Using Green Alga
(Ulva lactuca) Biomass, Journal of Hazardous Materials, 152, p. 302 (2008a)

[15] Gaber R.M, Hassan S.H.A, Shoreit A.A.M., Biosorption of Lead and Nickel by Living and
Non-Living Cells of Pseudomonas Aeruginosa ASU 6a. International Biodeterioration &
Biodegradation.62, p.195 (2008).

[16] Joo Jin-Ho, Hassan Sedky H.A, Oh Sang-Eun., Comparative Study of biosorption of Zn** by
Pseudomonas Aeruginosa and Bacillus Cereus, International Biodeterioration & Biodegradation,
64, p.734 (2010).

&0

Ty R



yyay )LQ‘)&\ b)LowScYY 0,9 ub&o&gw‘wm‘uw u'ﬂ'ww%gwﬁw

[17] Holan Z.R., Volesky B., Biosorption of Lead and Nickel by Biomass of Marine Algae, Biotech
Bioen, p.1001 (1994).

[18] Prasher S.O., Beaugeard M., Hawari J., Bera P., Patel R.M., Kim S.H., Biosorption of Heavy
Metal by Red Algae (Palmaria palmata), Environmental Technology, 25, p1097 (2004).

R g5 = (ole ay



