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ABSTRACT KEYWORDS
This study explored the feasibility of using dead Streptomyces Rimosus Biosorption;
asbiosorbent for the removal of Basic Blue 41 under different experimen- Streptomyces rimosus;
tal conditions. The effect of various factors, such as, initial substrate Basicblue41i;
concentration, solution pH and co-existing heavy metals (Cu?, Ni?, Pb?), Kineticsand isotherm.

on the biosorption of BB41wasinvestigated. Equilibrium occurred within
about 30 min. The Langmuir and Freundlich modelswere used to describe
the isotherm data; of which the Freundlich model described the isotherm
datawith high correlation coefficient (r>>0, 98). The maximum monol ayer
bi osorption capacity of biosorbent material wasfound as68.02 mg/g. Also,
it was observed that the intra-particle diffusion was not the only rate-
controlling step. The adsorption mechanism may be partly aresult of the
ion exchange or complexation between the dye ions and function groups
on dead biomass surface. Finally the proposed biosorbent was success-
fully used for the decolorization of BB41 in presence of Heavy metals. It
was determined that dead Streptomyces Rimosus show better biosorption
performancetowards Basic blue 41 in binary adsorption systemsat higher
pH. The addition of Copper, Lead and Nickel caused a 7.8 %, 4.7% and
1.6% increase in BB41 biosorption, respectively. The effect of the pres-
ence of single metal ion concentration on the biosorption of biomass was
investigated at aninitial pH value of 8.5.

The rate of kinetic processes of single and binary systems onto dead
Sreptomyces Rimosus was described by using three kinetics adsorption
models: the pseudo-first order, pseudo-second order and intraparticle dif-
fusion. The pseudo-second-order model was the best choice among the
kinetic models to describe the biosorption behaviour of single and binary
system onto dead Streptomyces Rimosus.
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INTRODUCTION usually have asynthetic origin and complex aromatic

structures making them difficult to degrade?. Dyesare

Dyesare extensively used in paper, textile, dye-  classified asanionic, cationic and nonionicdyes3. The
housesand printing to color thefina products¥. They  presenceof very smal amountsof dyesinwaterishighly
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visible and undesirabl€¥. Many of thesedyesare ex-
tremely toxic and even carcinogenic®, Basicdyesare
considered one of themost toxic substances®, theniit
isnecessary to eliminatethem from wastewater before
itisdischarged. Biosorptionisoneof the popular and
attractivetechnologiesfor theremoval of colour con-
taminantsfrom agueous effluents. Somelow cost fun-
gal biomass has been used as biosorbent for the re-
moval of dye and metal ionsfrom wastewater, which
included Trametes versicolor”, Corynebactium
glutamicum(®, lentinus sgjor cajul®'%, Rhizopus
nigricangY, phanerocheate chrysosporium*® and as-
pergillusniger™. Themain objectiveof thisstudy isto
investigate the effect of heavy metalsontheremoval
efficiency of Basic blue 41 onto bacterial dead Srep-
tomycesrimosus. Basicblue41isasynthetic azo dye
whichisusedwiddy inthetextileindustry. Theexamin-
ing of metal ionseffect onthedyeadsorption efficiency
ismorerepresentativeof theactua environmenta prob-
lems. Then, inthis paper wereport an investigation of
Biosorption of basicblue41 onto an antibioticwastein
the absenceand the presence of metd ions (Cu?*, Ni#,
Pb?).

EXPERIMENTAL PROCEDURES

Dye stuff

ThesorbateusedintheexperimentswasBasic Blue
41, (BB41) whichisused intextile processing Industry
of Bab Ezzouar, Algier, Algeria. Thisdyeisamonoazo-
basicdyewith C.l. no.: 11154 and molecular weight of
483g/moal. Itisparticularly suitablefor dyeing of acrylic
substrates and can a so be applied to somepolyamide
and polyester types, viscose, cotton, andwool . A stock
aqueous sol ution of the dyewas prepared in deionised
water in the concentration of 2000 mg/l.

Severd stock solutionsof Ni, Cuand Pbindeionised
waterswere prepared in the concentration of 5 mg/l
from their water-soluble metallic salt (NiCl,-6H,0,
CuCl -2H,0 and Pb (NO,),-6H,O respectively.

Biomasspreparation

Dead S. rimosus biomass was obtained from
oxytetracyclinantibiotic production after fermentation.
The collected sampleswere washed repeatedly with
deionised water to remove extraneous materialsand
saltsand dried for 24 h at 50°C in an oven and then

screened through aset of Sevesto get geometrica size
80-315um.

Biosor ption tests

Batch kinetic biosorption studieswere conducted
in atemperature- controlled stirrer using 100 mL of
adsorbate solution. Thesamplesat different timeinter-
vas(5-40 min) were taken and at the end of each agita-
tion period, themixtureswere centrifuged for 20 min at
5000 rpm and then, analyzed usingaUV spectropho-
tometer a A=605 nm wavelength. Theeffectsof solu-
tionpH, initiadd BB41 concentration and co-existing heavy
metas(Cu?, Ni%*, Pb?"), onthe adsorption capacity of
0.6g/L of Dead S rimosuswereinvestigated.

The sorption capacity was cal cul ated by thefol -
lowing expresson:

(c —c)

= TV @
WhereC and C, aretheinitial andfina concentrations
of dye (mg/L) in aqueous solution, respectively, V is
thevolumeof the solution and mrepresentstheweight
of the biosorbent (g). For the calculation of thebasic
blue4lremovd (R) weused thefollowing expression:

R (Gi=C)y, @

Ci

RESULTSAND DISCUSSION

Biosor ption of BB41in single system

Thebiosorption of BB41 by naturd antibioticwaste
wasinvestigated. Theeffectsof contacttime, initia con-
centrationandinitial pH on thebi osorption performance
of Dead S. rimosusto dyeweretested.

(a) Effect of contact time

Contect timeisoneof theimportant parametersfor
successful deployment of the biosorbent for practical
application and rapid biosorption®. Thetimeof batch
mode of dye biosorption onto dead Dead S. rimosus
(0.6 g/L) wastested at 30 °C Figure 1 indicates that
the capacity of dye sorption increased for increasing
contact time and become almost constant at 20 min.
theresultsshowed that kinetics of biosorption of BB41
consisted of two phases. It was observed that there-
moval of dyewasrapidintheinitial stagesof contact
time and gradually decreased with lapse of time until
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equilibriumwhichisdependent onthedecreaseinthe
number of vacant siteson the surface of dead biomass.

Time (min)
Figurel: Effect of contact timeon sorption kineticsin sngle
system (T =30°C, pH =8.5, Co =5mg/L, Cs =0.6 g/L).

(b) Effect of initial concentration

Inorder to study the effect of theinitial concentra-
tion of BB41 inthe solution onthe biosorption capacity
of dead S. rimosus (0.6 g/L), experiments were per-
formed in the concentration range (5-30 mg/L) at 30
°C. As observed in Figure 2, the higher the initial con-
centration of dye, thelarger wastheamount of BB41
biosorbed. It was clear that the removal of dye was
dependent ontheinitial dye concentration. The per-
centageremoval of BB41 biosorbed decreased from
85.8t0 69 % astheinitia concentrationincreasesfrom
5t0 30 mg/L. Thelower uptakeat higher concentra-
tion resulted from anincreased ratio of initial number of
molesof dyeto theavailable surface area; hencefrac-
tional adsorption becomesdependent oninitial concen-
tration. Similar resultswerereported by other researches
for princesstreeleaf(*® and clay!*”

(c) Effect of initial pH

ThepH of dye solution playsanimportant rolein
thewholebiosorption processand particularly inthe
adsorption capacity, influencing the surface charge of
the biosorbent, thedegreeof ionization of thedye present
inthesol ution and the dissoci ation of functiona groups
ontheactive sitesof biosorbent. Thesebio macromol-
eculesonthebacterial cell surfaceshavesevera func-
tionda groups(such asamino, carboxyl, thiol, sulfydryl
and phosphate groups) and biosorption phenomena
depends on the protonation or unprotonation of these
functional groupson the surface of thecdll wall™,

—=> Regulor Paper

ThepH of thesnglesolutionwasvariedintherange
of 3- 10 keeping all other parameters constant. As
showninFigure3, the percentage of removal increased
with anincreasein thesolution pH. The maximum per-
centage removal of basic blue41 wasobserved as85.8
% at pH 8.5. High pH hasbeen found to favor adsorp-
tion of BB41[1%24,

It iswell known that at lower pH, more protons
will be avail ableto protonate the adsorbent surface,
thereby increasing the repul s on between the positive
charged surface of the adsorbent and the cationic dye
molecule. Whereas at higher pH the surface becomes
anionic and cationic dye adsorptionisfavoured?.
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Figure2: Effect of initial concentration of dyeions(T =30°C,
pH =8.5,Cs=0.6 g/L).
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Figure3: Effect of solution pH on dyeremoval (T =30°C, Co
=5mg/L, Cs=0.6 g/L).
(d) Isotherm studiesin single system

Theisotherm dataweretreated using four of the
most commonly used equilibrium modd s, Langmuir,
Freundlich,®28, The mathematical expressionsare
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givenby Egs. (3) - (4), respectively, asfollows:

. . c 1 c
Langmuir equation: —= = +—=2 3
e OmaP  Omax @
. . 1
Freundlich equation:Ing,=InK - +=C, )
n

Where, K, Freundlich congtant (I/mg), 1/n, thehetero-
geneity factor, b, the Langmuir biosorption constant (1/
mg) related totheffinity of thebinding sites, and g,
(mg/g), isthe maximum amount of sorbate per unit
weight of adsorbent, to form acompletemonolayer on
the surface bound at high Ce, Thebest-fit valuesof the
model parameters estimated from Egs, (3) — (4) by
linear regression andysesarelistedin TABLE 1 (Fig-
ure4). Thehigher correlation coefficientsindicated that
both the Langmiur, and Freundlich modelswerevery
suitablefor describing thebiosorptionequilibiumof basc
blue41 by dead S. rimosusin the studied concentra-
tion ranges. The equilibrium datafitted better to the
Freundlich isotherm as compared to the other model,
al so suggested that the surface of antibiotic wasteis
heterogeneouswhichiscons stent with studiesreported
before™. From TABLE 1, themagnitudeof K_andn,
the Freundlich constants, showed easy uptake of the
dyefrom wastewater with high adsorptive capacity of
biosorbent. TABLE 1 alsoindicatesthat nisgreater
than unity, indicating that the dyeisfavourably adsorbed
by dead S. rimosus.

TABLE 1: Isotherm constant for biosor ption of BB41 onto
dead dead S. rimosusin singlesystem.

Parameters
Freundlich Langmuir
Ke n r? Olmax b r?
9.93 154 0.990 57..3 0.205 0.987

(e) Biosor ption kineticsin single system

Severd kinetic model s have been proposed to un-
derstand the behaviour of the adsorbent and also to
examinethe controlling mechanism of the adsorption
process and to test the experimental data. In order to
analysethe adsorption kinetic, pseudo-first, pseudo-
second order, and intraparticle modelswereapplied to
theexperimental data.

(A) Pseudo-first order model

Therate constant of adsorption isdetermined from
the following first order rate expression given by
Langergren’®:

(9e—a) =ﬁt ©)
de 2.3

K, isthefirst-order rate constant (min'™) of biosorption.
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Figure4 : Adsorption isotherms of BB41 on dead dead Srep-
tomyces rimosusin single system.

A straight line of In (q.-g,)/q, versust (Figure 5)
would suggest that thiskinetic model isapplicableto
the datatested, and K, and g, were determined from
the slope and intercept of the plot, respectively. The
kinetic datain TABLE 2 demonstrate that that the
biosorption of BB41 onto dead dead S rimosus does
not follow pseudo-first order kinetics.
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Figure5: Effectsof initial dyeconcentration on theon the
pseudo-first-order kinetics of BB41 in single system (T
=30°C, pH =8.5,Cs =0.6 g/L).

(B) Pseudo-second order model

The kinetic data were further analyzed using a
pseudo-second order relation proposed by Ho™ which
isrepresented by:

t 1 1

+—t
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WhereK, istheequilibrium rate constant of pseudo-
second-order adsorption (g/mg min).
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Figure6: Effectsof initial dyeconcentration on the pseudo-
second order kineticsof BB41 in single system (T =30°C,
pH =8.5,Cs=0.6g/L).

Theinitid adsorptionrate, h, (mg/g.min) isexpressed
as

h=Kaz Y]
Theapplication of thelinear form of pseudo-second-
order kinetic model on our experimental resultsispre-
sented in Figure 6. Both constants K, and hwerecal-
culated from the intercept and slope of theline ob-
tained by plotting t/g, versust. It can be seen from
TABLE 2 that the equilibrium biosorption capacity,
q,, increases astheinitial dyeconcentration, C,, in-
creased from 5 to 30mg/L. For example, the values
of geincreased from7.93 m/g at 5mg/L to 38.46 mg/
g at 30 mg/L. Also, from TABLE 2, it was noticed
that thevariationsof theinitia adsorptionrate, h, seem
to haveanincreasing trend withincreasinginitial dye
concentration. Thediverseeffect of theinitial concen-
tration on h was also observed with other sorption
systemsreported®+®l, The best fit model was selected
based onthelinear regression correl ation coefficients,
R? values and equal or close values of ge from the
experiments and the predict model aswell. The ex-
perimental data showed agood compliancewith the
pseudo-second order equation and the regression
coefficientsfor thelinear plotswerealso higher than
0.99insinglesystem.

The pseudo-first order and the second order ki-
netic model scould not identify thediffusion mechanism
and thekinetic resultswerethen analysed by using the
intraparticlemodd.

—=> Regulor Paper
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Figure7: Plot of intraparticle diffusion of dye onto dead
Sreptomyces rimosus at various initial concentrationsin
single system

Thismodel is devel oped by Weber and Morris®,
and McKay and Poots*", therate of intra-particledif-
fusioniscaculated by:
q, =K t"2+C €)
WhereK istheintra-particle diffusion rate constant
(mg/gmin¥2). According to thismodd, the plot of up-
take, g, versusthe squareroot of time (t*2) should be
lineer if intra-particlediffusionisinvolvedintheadsorp-
tion processand if theselines passthrough theorigin
thenintra-particlediffusionistherate controlling step™
3 |tisgeneraly found that the plot of gt against tV2
may present amultinearity, whichindicated that two or
more steps occurred in the process. In single system,
any plot did not passed through the origin and thisde-
viationfromtheorigin (Figure 7) might beduetothe
differenceinthemasstransfer rateintheinitial andfina
stagesof biosorption. It can be observed that, the plots
had the same general features and therewere two dif-
ferent portions, representing the different stagesin
biosorption. Thecal culated K. (Second portion) val-
uesfor eachinitia concentrationaregiveninTABLE 2.
It wasfound that theintraparticlerate constant values
(Ki), increased with increasing dye concentration. The
observed increasein Ki valueswithincreasing initia
BB41 concentration can be explained by the growing
effect of driving forceresulted inreducingthediffusion
of BB41 speciesintheboundary layer and enhancing
thediffusoninthesolid. Thecorresponding values of
intraparticlediffusion rate constant, Ki, for thevarious
concentrationsof BB41ions(5-30mg/L) varied from
0.209t00.369 mg/g.min?2,
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TABLE 2: Kinetic parameter sfor thebiosor ption of BB41in singlesystem

Experimental Pseudo-first order

Pseudo-second order

Intraparticle diffusion

(m(;(l)L) oW Oeca  Ki 2 Oecal h Kz 2 Ki 0 2 D;

(mglg) mg/g 1/min (mg/g) mg/g.min g/mg.min (mg/g.mn™) (cms)
5 7.15 6.62 0.179 0.987 7.93 222 0.035 0.997 0.209 0.820 0.780.10°®
10 14.2 8.85 0.145 0.958 15.62 5.18 0.021  0.997 0.340 0.932 0.923.10°
15 20.56 13.09 0.208 0.968 21.73 125 0.026 0.999 0.298 0.878 1.613.10°
20 26 9.97 0.174 0.939 27.02 2272 0.031 0.999 0.211 0.825 2.357.10°
25 31 11.63 0.135 0.936 32.25 238 0.022 0.999 0.392 0.908 1.995.10°
30 37 949 0.143 0.942 38.46 55.55 0.037 0.999 0.369 0.944 4.002.10°®

Also, thediffusion coefficientsfor theintra-particle
transport of dyewithin the poresof dead biomass par-
ticleshave been cal culated by employing Egs. (9) and
(10)e,

0.03r2
De=——+ ©
ty/o
1
t =
V2 =i (10)

WhereD, isthediffusion coefficient withtheunit cni/s;
t . isthetime(s) for half-adsorption of dyeandristhe
averageradiusof theadsorbent particleincm. Thevaue
of r, (averageradius) was calculated as 75<10 cm. In
these calculations, it has been assumed that the solid
phase consistsof spherica particles. Thisbehaviour of
concentration dependent diffusivity agreeswith litera-
tureworkg*!. Thediffusion coefficient, Di, varied from
0.78.10®t04.02.10-%.cm?swith anincrease of initia
dye concentrationincreased from5to 30 mg/L. This
behaviour of concentration dependent diffusivity agrees
withliteratureworks*3. Thevauesof theinterna dif-
fuson coefficient, Di, shownin TABLE 2fell wdl within
the magnitudesreported in literature®, specifically for
chemisorptionssystem (10°— 10cm?/s).

Removal of basicblue41in binary system

Inthe application of adsorption for purification of
wastewater, thesolution will normally beamixture of
many compoundsrather than asingleone. Theinterac-
tions of these compounds may mutua ly enhanceor in-
hibit adsorption capacity™. Theeffectsof initia pH (3
- 8.5) and biosorbent concentration (0.05-0.7 g/1) on
the biosorption of BR46 by Sreptomycesrimosushbio-
masswere examinedin binary system.

(a) Effect of pH

Figures8 a, band ¢ present thevariation of BB41
bi osorption on dead Sreptomycesrimosusinthe pres-

ence of metal ions (Ni, Cu or Pb) at different solution
pH.

It wasobserved from Figure 8, that the biosorption
of BB41 increased from 11 to 14.54 mg/g at 40 min
when pH of thebinary solutionincreased from 3t0 8.5.
At pH 3, thepercentageremoval of BB41is79.5%in
the single systemwhich decreased to 63.66 %0, 66.2 %
and 72 % in the presence of Cu?, Ni?" and Pb** re-
spectively. Consequently thebinary solution exhibited
inhibitory biosorptionfor thedye, thereby resultingina
lower biosorptionyield. Then, at lower pH the pres-
enceof ionmetal devel opsacompetition for thesebio
sorption sites on the surface and some sitesare occu-
pied by the second component (Ni, Cu or Pb).

Biosorption of BB41 isenhanced at higher pH at
higher pH (pH>7), whichis probably dueto surface
preci pitation of heavy metd ionson thisbiomass.

Itiswell known that heavy metal ionswill react
with hydroxyl speciesin basic solution. WhenpH is
increased, more hydroxyl ionwill bepresentedinthe
solution, resulting in surface preci pitation. Speciesdia-
gram constructed by Mavroset al .*4 showed that Ni
() aretheonly ions present in the nickel solution at
pH < 6. The precipitation of Ni (I1) asNi(OH), pre-
cipitate takes place at pH > 7.7. Thisis also con-
firmedinthe present study and those of other investi-
gatorgd“>48l, This precipitate represents the adsorp-
tion site on the solid surface and thus, biosorption of
BB41isincreased. Similar trend was observed with
copper and lead.

(b) Effect of adsor bent dose

Oneof theparametersthat strongly affect the sorp-
tion capacity is the amount of the biosorbent. The
bi osorbent concentration wasvaried between 0.05 and
0.7 ¢/l a fixed pH (pH=8.5) for binary system studies.
Theeffect of antibiotic wastedosageon BB41 removd
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was shown in Figure 9. The percentage of BB41 re-
moval with each meta ion increased with adsorbent
dosage and then reached a saturation value. Highest
sorption (93% removal of basic blue41with copper,
89.93 % with lead and 87.23 % with nickel) was
achievedat C_=0.3¢g/l.
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Figure8: Effect of solution pH on BB41 on dead Sreptomy-
cesrimosusin binary system a) with Nickel b) with Copper c)
with Lead.
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The decrease of percentage removal withincrease
of biomass(C_> 0.3 g/l) dose might be dueto thefor-
mation of aggregates between the biomass particlesat
high biomassdoses, reducing the effectiveactivearea

Itisclearly seen that the adsorbent dose was seri-
ously affected by the presence of metalsions. Thus,
compared with % removal of BB41 in single system,
the percentage removal in binary systemishigher and
with small biosorbent quantity (0.3g/l). Inconclusion,
BB41 could still beeffectively removed from agueous
solutionin the presence of Cu?*, Ni2* and Pb?*ions,
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Figure9: Dyebiosor ption on dead Sreptomycesrimosusat
different biosor bent dosesin binary system (T =30°C, pH =
8.5).

Biosor ption isotherm modelsin binary system

The datafor BB41-Ni, BB41-Cu and BB41-Pb
binary system have been analyzed by Freundlich and
Langmuir equationsmodds. Theresultsof theseanaly-
ses, using linear regression procedures, areshownin
TABLE 3. Thisresult suggest that dead Sreptomyces
rimosus hasahigher affinity to BB41 biosorptionin
binary system. The nvaluescalcul ated for the adsorp-
tionin binary system enhanced with the presence of
metal ions, indicating that the biosorptionintensity was
satisfactory affected by the presence of other compo-
nent. Thevaueof n, whichissignificantly higher than
unity, indicated that bothin singleand binary BB41 dyes
is favourably adsorbed by dead Streptomyces
rimosus“”l. Also From the table the magnitude of K _
showed arelatively easy uptake of BB41 from aque-
ous solution with high biosorptive capacity of dead
Sreptomyces rimosus.

Also, TABLE 3 showstheeffect of ionsmetd added
ontheLangmuir constants. Asseen fromthistable Srep-
tomyces rimosus exhibited a higher maximum
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biosorption capacity (g, ) for binary system than that
snglesystem. However theaddition of meta ioninsolu-
tionincreasedtheq,_ vaue. Thepresenceof copper (I1)
(5mg/L) enhanced the maximum BB41 uptake capacity
of biomassfrom57.3t068.02mg/g. A largevdueof b
(0.311<b<0.668) in biosorption of BB41 inthe pres-
enceof meta ionsthan thosein singlesystemindicates
thehigh affinity of the biosorbent for the sorbate.

TABLE 3: Parametersfor adsor ption isotherm of basicred
46 on antibioticwastein singleand binary component sys-
tem

which provided thebest correl ation with experimental
datawerethe pseudo-second-order mode and this sug-
geststhat theoverall rate of the basic blue 41 process
appeared to becontrolled by chemicd processinsingle
and binary system.

80
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BB41 9.93 1.54 0.990 57.3 0.205 0.987
BB41-Pb 18.9 240 0996 66.36 0.311 0.978
BB41-Cu 25.9 256 0982 68.02 0.668 0.994
BB41-Ni 184 1.75 0998 61.73 0.320 0.962
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Based on the isotherm profiles of basic blue 41
biosorptioninsingleand binary system (Figures10 &
C), Itisclear that the experimental resultsare repre-
sented by Freundlichisotherm.

Biosor ption kineticsmodelsin binary system

Inorder to analyze the dye sorption kineticsin bi-
nary system, the doubleexponentid equation, pseudo-
first order, pseudo-second order kineticand intraparticle
diffuson modelswere gpplied tothedata. The applica
tion of thelinear form of thethreekinetic model son our
experimenta resultsarepresented in Figures (11-13).
Therate constants and the regression coefficient (R?)
vauesareshownin TABLE4and TABLE 5. Theex-
perimental datashowed agood compliancewith the
pseudo-second order equation and the regression co-
efficientsfor thelinear plotswereadso higher than 0.99
insingleand binary system. Also, it can be concluded
from TABLE 4 that in binary component system, the
vauesof hislarger thanin snglecomponent syssemfor
basic blue 41 biosorption on dead Sreptomyces
rimosus. Thusthekineticratesarefaster in binary com-
ponent system than in single component system. A pos-
sibleexplanation for the phenomenaisthat at binary
pollutants mixtures, thedriving forceisgrester, forcing
the biosorption of BB41 to get quickly.

Inconclusion, asshownin TABLE4and TABLE
5, thevauesof corrdation coefficientsof pseudo-first-
order arelessthan R?<0.980. Asaresult, themodels

o m  Experimental
Vi Freundlich
n - - -~ Langmuir

- (©

60 o

50 4
[=] I
S 40 T
Z 204 P

1 m  Experimental
204 P —— Freundlich

-~~~ Langmuir

0 2 4 3 8 10
ce (mg/l)
Figure10: Adsor ption isotherms of BB41on dead Strepto-
mycesrimosusin binary system a) with L ead b) with Copper
¢) with nickel.

Figure 13 showstheintraparticlediffusionresults
of BB41 onantibiotic wastein binary system. Fromthe
figure it can be observed that there are two stages
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biosorption occurs. The calculated Ki valuesfor each
system aregivenin TABLE 5. BB41 hashigher intra-

30

m BB41-Cu
251 ® BB41-Pb
’ A BB41-Ni

thgt (min g/mg)

Time (min)
Figure 11 : Pseudo-second- order kinetic for biosor ption of
BB4linbinary sysemat pH 8.5.
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Figure 12 : Pseudo- first- order kinetic for biosor ption of
BB41linbinary systemat pH 8.5.

TABLE 4: Parameter sof kinetic modelsin binary adsor p-
tion system.

Experimental Pseudo-first order  Pseudo-second order

system

9P (MYY) Gea ki R® Gew H Kz R

BB41 715 6.62 0179 0987 7.93 2.22 0035 0.997
BB41-Pb  14.98 108 0.138 0.817 15.29 18.3 0.0782 0.999
BB41-Cu 155  9.993 0.0138 0.964 16.08 8.55 0.0331 0.999
BB41-Ni 1454 978 0069 0.916 14.16 851 0.039 0.998

TABLE 5: Parameter sof kinetic modelsin binary adsor p-
tion system.

Intraparticle diffusion

System Ki R?
BBA1 0.209 0.820
BB41-Pb 0.484 0.947
BB41-Cu 0.664 0.959
BB41-Ni 0,535 0.959

—> Regulor Peper
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Figure13: Intraparticlediffusion for biosor ption of BB41
dyeonto dead Sreptomycesrimosusin binary system at pH
8.5.

particlerate constant valuesin binary systemthanin
single. HenceIn binary component, BB41iseasly dif-
fused into inner pores of dead Sreptomycesrimosus
and surface preci pitation of heavy meta ions, occupy-
ingactivesitesthaninsinglesystem

CONCLUSION

Theresultsof thisstudy suggest that dead Srepto-
myces rimosus offersinteresting capacitiesto absorb
of basic blue4linbinary biosorption sysemaswell as
inthesingleones. The presence of metasinthewaste-
water during binary biosorption can have significant
consequences. Batch tests have shown that the best
experimental condition to adsorb basic blue41 onto
sorbent surface has been achieved by working at pH
8.5. From the kinetic tests, a short equilibrium time
around 30min was obtai ned, indi cating that the dead
Sreptomyces rimosus biomass could be used in a
bi osorption-based continuous.

Biosorption datain binary system showed that the
adsorbed amount of dye increase as the presence of
metal present in solution. Thiseffect wassubstantia for
presence of copper. Wefound that the biosorption ca-
pacity of biomassincreased from 7.15t0 15.5mg/gin
single system and with presence of copper respectively.

Theadsorptionkineticsineither sngleor binary sys-
temwill follow the pseudo-second order kineticsand it
isfound that the Freundlichisotherm fit theexperimenta
databetter thantheothers. It so suggeststhe heteroge-
neous nature of the biosorption of basicblue41. Sorp-
tionon binary sysemismoreeffectivesthat thisonsingle
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system. Finaly, it may be concluded that Sreptonmyces
rimosus. may beusad for theindividua and smultaneous
remova of BB41from effluents.
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