
Effect of heavy metals (Cu2+, Ni2+, Pb2+) on biosorption of basic blue
41 onto dead Streptomyces Rimosus

N.Yeddou-Mezenner*, F.Atmani
Laboratory of Chemical Engineering, Faculty of Mechanical and Chemical Engineering University of Sciences and

Technology Houari-Boumediene, USTHB, BP 32 El Alia, Bab Ezzouar 16111, Algiers, (ALGERIA)
E-mail : yeddouna@yahoo.fr

Regular Paper

Biosorption;
Streptomyces rimosus;

Basic blue 41;
Kinetics and isotherm.

KEYWORDSABSTRACT

This study explored the feasibility of using dead Streptomyces Rimosus
as biosorbent for the removal of Basic Blue 41 under different experimen-
tal conditions. The effect of various factors, such as, initial substrate
concentration, solution pH and co-existing heavy metals (Cu2+, Ni2+, Pb2+),
on the biosorption of BB41was investigated. Equilibrium occurred within
about 30 min. The Langmuir and Freundlich models were used to describe
the isotherm data; of which the Freundlich model described the isotherm
data with high correlation coefficient (r2>0, 98). The maximum monolayer
biosorption capacity of biosorbent material was found as 68.02 mg/g. Also,
it was observed that the intra-particle diffusion was not the only rate-
controlling step. The adsorption mechanism may be partly a result 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
performance towards Basic blue 41 in binary adsorption systems at 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 an initial pH value of 8.5.
The rate of kinetic processes of single and binary systems onto dead
Streptomyces 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

Dyes are extensively used in paper, textile, dye-
houses and printing to color the final products[1]. They

usually have a synthetic origin and complex aromatic
structures making them difficult to degrade[2]. Dyes are
classified as anionic, cationic and nonionic dyes[3]. The
presence of very small amounts of dyes in water is highly
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visible and undesirable[4]. Many of these dyes are ex-
tremely toxic and even carcinogenic[5], Basic dyes are
considered one of the most toxic substances[6], then it
is necessary to eliminate them from wastewater before
it is discharged. Biosorption is one of the popular and
attractive technologies for the removal of colour con-
taminants from aqueous effluents. Some low cost fun-
gal biomass has been used as biosorbent for the re-
moval of dye and metal ions from wastewater, which
included Trametes versicolor[7], Corynebactium
glutamicum[8], lentinus sajor caju[9,10], Rhizopus
nigricans[11], phanerocheate chrysosporium[10] and as-
pergillus niger[12]. The main objective of this study is to
investigate the effect of heavy metals on the removal
efficiency of Basic blue 41 onto bacterial dead Strep-
tomyces rimosus. Basic blue 41 is a synthetic azo dye
which is used widely in the textile industry. The examin-
ing of metal ions effect on the dye adsorption efficiency
is more representative of the actual environmental prob-
lems. Then, in this paper we report an investigation of
Biosorption of basic blue 41 onto an antibiotic waste in
the absence and the presence of metal ions (Cu2+, Ni2+,
Pb2+).

EXPERIMENTAL PROCEDURES

Dye stuff

The sorbate used in the experiments was Basic Blue
41, (BB41) which is used in textile processing Industry
of Bab Ezzouar, Algier, Algeria. This dye is a monoazo-
basic dye with C.I. no.: 11154 and molecular weight of
483 g/mol. It is particularly suitable for dyeing of acrylic
substrates and can also be applied to some polyamide
and polyester types, viscose, cotton, and wool. A stock
aqueous solution of the dye was prepared in deionised
water in the concentration of 1000 mg/l.

Several stock solutions of Ni, Cu and Pb in deionised
waters were prepared in the concentration of 5 mg/l
from their water-soluble metallic salt (NiCl

2
-6H

2
O,

CuCl
2
-2H

2
O and Pb (NO

3
)

2
·6H

2
O respectively.

Biomass preparation

Dead S. rimosus biomass was obtained from
oxytetracyclin antibiotic production after fermentation.
The collected samples were washed repeatedly with
deionised water to remove extraneous materials and
salts and dried for 24 h at 50°C in an oven and then

screened through a set of sieves to get geometrical size
80�315µm.

Biosorption tests

Batch kinetic biosorption studies were conducted
in a temperature- controlled stirrer using 100 mL of
adsorbate solution. The samples at different time inter-
vals (5�40 min) were taken and at the end of each agita-
tion period, the mixtures were centrifuged for 20 min at
5000 rpm and then, analyzed using a UV spectropho-
tometer at ë=605 nm wavelength. The effects of solu-
tion pH, initial BB41 concentration and co-existing heavy
metals (Cu2+, Ni2+, Pb2+), on the adsorption capacity of
0.6g/L of Dead S. rimosus were investigated.

The sorption capacity was calculated by the fol-
lowing expression:

V
m

)cc(
q fi  (1)

Where C
i
 and C

f
 are the initial and final concentrations

of dye (mg/L) in aqueous solution, respectively, V is
the volume of the solution and m represents the weight
of the biosorbent (g). For the calculation of the basic
blue 41removal (R) we used the following expression:

%
c

)cc(
R

i

fi  (2)

RESULTS AND DISCUSSION

Biosorption of BB41 in single system

The biosorption of BB41 by natural antibiotic waste
was investigated. The effects of contact time, initial con-
centration and initial pH on the biosorption performance
of Dead S. rimosus to dye were tested.

(a) Effect of contact time

Contact time is one of the important parameters for
successful deployment of the biosorbent for practical
application and rapid biosorption[14]. The time of batch
mode of dye biosorption onto dead Dead S. rimosus
(0.6 g/L) was tested at 30 °C Figure 1 indicates that

the capacity of dye sorption increased for increasing
contact time and become almost constant at 20 min.
the results showed that kinetics of biosorption of BB41
consisted of two phases. It was observed that the re-
moval of dye was rapid in the initial stages of contact
time and gradually decreased with lapse of time until
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equilibrium which is dependent on the decrease in the
number of vacant sites on the surface of dead biomass.

The pH of the single solution was varied in the range
of 3- 10 keeping all other parameters constant. As
shown in Figure 3, the percentage of removal increased
with an increase in the solution pH. The maximum per-
centage removal of basic blue 41 was observed as 85.8
% at pH 8.5. High pH has been found to favor adsorp-
tion of BB41[19-21].

It is well known that at lower pH, more protons
will be available to protonate the adsorbent surface,
thereby increasing the repulsion between the positive
charged surface of the adsorbent and the cationic dye
molecule. Whereas at higher pH the surface becomes
anionic and cationic dye adsorption is favoured[22].

Figure 1 : Effect of contact time on sorption kinetics in single
system (T =30°C, pH =8.5, Co =5mg/L, Cs =0.6 g/L).

(b) Effect of initial concentration

In order to study the effect of the initial concentra-
tion of BB41 in the solution on the 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, the larger was the amount of BB41
biosorbed. It was clear that the removal of dye was
dependent on the initial dye concentration. The per-
centage removal of BB41 biosorbed decreased from
85.8 to 69 % as the initial concentration increases from
5 to 30 mg/L. The lower uptake at higher concentra-
tion resulted from an increased ratio of initial number of
moles of dye to the available surface area; hence frac-
tional adsorption becomes dependent on initial concen-
tration. Similar results were reported by other researches
for princess tree leaf[16] and clay[17]

(c) Effect of initial pH

The pH of dye solution plays an important role in
the whole biosorption process and particularly in the
adsorption capacity, influencing the surface charge of
the biosorbent, the degree of ionization of the dye present
in the solution and the dissociation of functional groups
on the active sites of biosorbent. These bio macromol-
ecules on the bacterial cell surfaces have several func-
tional groups (such as amino, carboxyl, thiol, sulfydryl
and phosphate groups) and biosorption phenomena
depends on the protonation or unprotonation of these
functional groups on the surface of the cell wall[18].

Figure 2 : Effect of initial concentration of dye ions (T =30°C,

pH =8.5, Cs =0.6 g/L).

Figure 3 : Effect of solution pH on dye removal (T =30°C, Co

=5mg/L, Cs =0.6 g/L).

(d) Isotherm studies in single system

The isotherm data were treated using four of the
most commonly used equilibrium models, Langmuir,
Freundlich,[25-28]. The mathematical expressions are
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given by Eqs. (3) - (4), respectively, as follows:

max

e

maxe

e

q

c

bq
1

q

c
:equationLangmuir  (3)

eFe C
n
1

Klnq ln:equation Freundlich  (4)

Where, K
F
, Freundlich constant (l/mg), 1/n, the hetero-

geneity factor, b, the Langmuir biosorption constant (l/
mg) related to the affinity of the binding sites, and q

max

(mg/g), is the maximum amount of sorbate per unit
weight of adsorbent, to form a complete monolayer on
the surface bound at high Ce, The best-fit values of the
model parameters estimated from Eqs, (3) � (4) by

linear regression analyses are listed in TABLE 1 (Fig-
ure 4). The higher correlation coefficients indicated that
both the Langmiur, and Freundlich models were very
suitable for describing the biosorption equilibium of basic
blue 41 by dead S. rimosus in the studied concentra-
tion ranges. The equilibrium data fitted better to the
Freundlich isotherm as compared to the other model,
also suggested that the surface of antibiotic waste is
heterogeneous which is consistent with studies reported
before[13]. From TABLE 1, the magnitude of K

F
 and n,

the Freundlich constants, showed easy uptake of the
dye from wastewater with high adsorptive capacity of
biosorbent. TABLE 1 also indicates that n is greater
than unity, indicating that the dye is favourably adsorbed
by dead S. rimosus.

Parameters 

Freundlich Langmuir 

KF n r2 qmax b r2 

9.93 1.54 0.990 57..3 0.205 0.987 

TABLE 1 : Isotherm constant for biosorption of BB41 onto
dead dead S. rimosus in single system.

(e) Biosorption kinetics in single system

Several kinetic models have been proposed to un-
derstand the behaviour of the adsorbent and also to
examine the controlling mechanism of the adsorption
process and to test the experimental data. In order to
analyse the adsorption kinetic, pseudo-first, pseudo-
second order, and intraparticle models were applied to
the experimental data.

(A) Pseudo-first order model

The rate constant of adsorption is determined from
the following first order rate expression given by
Langergren[32]:

Figure 4 : Adsorption isotherms of BB41 on dead dead Strep-
tomyces rimosus in single system.

Figure 5 : Effects of initial dye concentration on the on the
pseudo-first-order kinetics of BB41 in single system (T
=30°C, pH =8.5, Cs =0.6 g/L).

A straight line of ln (q
e
-q

t
)/q

e
 versus t (Figure 5)

would suggest that this kinetic model is applicable to
the data tested, and K

1
 and q

e
 were determined from

the slope and intercept of the plot, respectively. The
kinetic data in TABLE 2 demonstrate that that the
biosorption of BB41 onto dead dead S. rimosus does
not follow pseudo-first order kinetics.

t
3.2

K

q

)qq(
Log 1

e

te 


(5)

K
1 
is the first-order rate constant (min-1) of biosorption.

(B) Pseudo-second order model

The kinetic data were further analyzed using a
pseudo-second order relation proposed by Ho[33] which
is represented by:

t
q
1

qK

1
qt
t

e
2
e2

 (6)
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The initial adsorption rate, h, (mg/g.min) is expressed
as

2
e2qKh  (7)

The application of the linear form of pseudo-second-
order kinetic model on our experimental results is pre-
sented in Figure 6. Both constants K

2
 and h were cal-

culated from the intercept and slope of the line ob-
tained by plotting t/q

t
 versus t. It can be seen from

TABLE 2 that the equilibrium biosorption capacity,
q

e
, increases as the initial dye concentration, C

i
, in-

creased from 5 to 30mg/L. For example, the values
of qe increased from7.93 m/g at 5mg/L to 38.46 mg/
g at 30 mg/L. Also, from TABLE 2, it was noticed
that the variations of the initial adsorption rate, h, seem
to have an increasing trend with increasing initial dye
concentration. The diverse effect of the initial concen-
tration on h was also observed with other sorption
systems reported[34,35]. The best fit model was selected
based on the linear regression correlation coefficients,
R2 values and equal or close values of qe from the
experiments and the predict model as well. The ex-
perimental data showed a good compliance with the
pseudo-second order equation and the regression
coefficients for the linear plots were also higher than
0.99 in single system.

The pseudo-first order and the second order ki-
netic models could not identify the diffusion mechanism
and the kinetic results were then analysed by using the
intraparticle model.

Figure 6 : Effects of initial dye concentration on the pseudo-
second order kinetics of BB41 in single system (T =30°C,

pH =8.5, Cs =0.6 g/L).

Figure 7 : Plot of intraparticle diffusion of dye onto dead
Streptomyces rimosus at various initial concentrations in
single system

This model is developed by Weber and Morris[36],
and McKay and Poots[37], the rate of intra-particle dif-
fusion is calculated by:

CtKq 2/1
it  (8)

Where K
i
 is the intra-particle diffusion rate constant

(mg /g min1/2). According to this model, the plot of up-
take, q

t
, versus the square root of time (t1/2) should be

linear if intra-particle diffusion is involved in the adsorp-
tion process and if these lines pass through the origin
then intra-particle diffusion is the rate controlling step[38-

39]. It is generally found that the plot of qt against t1/2

may present a multinearity, which indicated that two or
more steps occurred in the process. In single system,
any plot did not passed through the origin and this de-
viation from the origin (Figure 7) might be due to the
difference in the mass transfer rate in the initial and final
stages of biosorption. It can be observed that, the plots
had the same general features and there were two dif-
ferent portions, representing the different stages in
biosorption. The calculated K

i
 (Second portion) val-

ues for each initial concentration are given in TABLE 2.
It was found that the intraparticle rate constant values
(Ki), increased with increasing dye concentration. The
observed increase in Ki values with increasing initial
BB41 concentration can be explained by the growing
effect of driving force resulted in reducing the diffusion
of BB41 species in the boundary layer and enhancing
the diffusion in the solid. The corresponding values of
intraparticle diffusion rate constant, Ki, for the various
concentrations of BB41 ions (5-30 mg/L) varied from
0.209 to 0.369 mg/g.min1/2.

Where K
2
 is the equilibrium rate constant of pseudo-

second-order adsorption (g/mg min).
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Experimental Pseudo-first order Pseudo-second order Intraparticle diffusion 
C0 

(mg/L) qexp 

(mg/g) 
qe,cal 

mg/g 
k1 

1/min 
R2 

qe,cal 

(mg/g) 
h 

mg/g.min 
K2 

g/mg.min 
R2 

Ki 
(mg/g.mn1/2) 

R2 
Di 

(cm2/s) 
5 7.15 6.62 0.179 0.987 7.93 2.22 0.035 0.997 0.209 0.820 0.780.10-8 

10 14.2 8.85 0.145 0.958 15.62 5.18 0.021 0.997 0.340 0.932 0.923.10-8 

15 20.56 13.09 0.208 0.968 21.73 12.5 0.026 0.999 0.298 0.878 1.613.10-8 

20 26 9.97 0.174 0.939 27.02 22.72 0.031 0.999 0.211 0.825 2.357.10-8 

25 31 11.63 0.135 0.936 32.25 23.8 0.022 0.999 0.392 0.908 1.995.10-8 

30 37 9.49 0.143 0.942 38.46 55.55 0.037 0.999 0.369 0.944 4.002.10-8 

TABLE 2 : Kinetic parameters for the biosorption of BB41 in single system

Also, the diffusion coefficients for the intra-particle
transport of dye within the pores of dead biomass par-
ticles have been calculated by employing Eqs. (9) and
(10)[40].

2/1

2
0

P t

r03.0
D  (9)

e2
2/1 qk

1
t  (10)

Where D
i
 is the diffusion coefficient with the unit cm2/s;

t
1/2

 is the time (s) for half-adsorption of dye and r is the
average radius of the adsorbent particle in cm. The value
of r

0
 (average radius) was calculated as 75×10-4 cm. In

these calculations, it has been assumed that the solid
phase consists of spherical particles. This behaviour of
concentration dependent diffusivity agrees with litera-
ture works[41]. The diffusion coefficient, Di, varied from
0.78.10-8 to 4.02.10-8cm2/s with an increase of initial
dye concentration increased from 5 to 30 mg/L. This
behaviour of concentration dependent diffusivity agrees
with literature works[42]. The values of the internal dif-
fusion coefficient, Di, shown in TABLE 2 fell well within
the magnitudes reported in literature[43], specifically for
chemisorptions system (10-5 � 10-13cm2/s).

Removal of basic blue 41 in binary system

In the application of adsorption for purification of
wastewater, the solution will normally be a mixture of
many compounds rather than a single one. The interac-
tions of these compounds may mutually enhance or in-
hibit adsorption capacity[44]. The effects of initial pH (3
- 8.5) and biosorbent concentration (0.05 � 0.7 g/l) on

the biosorption of BR46 by Streptomyces rimosus bio-
mass were examined in binary system.

(a) Effect of pH

Figures 8 a, b and c present the variation of BB41
biosorption on dead Streptomyces rimosus in the pres-

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

It was observed from Figure 8, that the biosorption
of BB41 increased from 11 to 14.54 mg/g at 40 min
when pH of the binary solution increased from 3 to 8.5.
At pH 3, the percentage removal of BB41 is 79.5 % in
the single system which decreased to 63.66 %, 66.2 %
and 72 % in the presence of Cu2+, Ni2+ and Pb2+ re-
spectively. Consequently the binary solution exhibited
inhibitory biosorption for the dye, thereby resulting in a
lower biosorption yield. Then, at lower pH the pres-
ence of ion metal develops a competition for these bio
sorption sites on the surface and some sites are occu-
pied by the second component (Ni, Cu or Pb).

Biosorption of BB41 is enhanced at higher pH at
higher pH (pH>7), which is probably due to surface
precipitation of heavy metal ions on this biomass.

It is well known that heavy metal ions will react
with hydroxyl species in basic solution. When pH is
increased, more hydroxyl ion will be presented in the
solution, resulting in surface precipitation. Species dia-
gram constructed by Mavros et al.[44] showed that Ni
(II) are the only ions present in the nickel solution at
pH < 6. The precipitation of Ni (II) as Ni(OH)

2
 pre-

cipitate takes place at pH > 7.7. This is also con-
firmed in the present study and those of other investi-
gators[45,46]. This precipitate represents the adsorp-
tion site on the solid surface and thus, biosorption of
BB41 is increased. Similar trend was observed with
copper and lead.

(b) Effect of adsorbent dose

One of the parameters that strongly affect the sorp-
tion capacity is the amount of the biosorbent. The
biosorbent concentration was varied between 0.05 and
0.7 g/l at fixed pH (pH=8.5) for binary system studies.
The effect of antibiotic waste dosage on BB41 removal
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was shown in Figure 9. The percentage of BB41 re-
moval with each metal ion increased with adsorbent
dosage and then reached a saturation value. Highest
sorption (93% removal of basic blue 41with copper,
89.93 % with lead and 87.23 % with nickel) was
achieved at C

s
 =0.3 g/l.

Figure 8 : Effect of solution pH on BB41 on dead Streptomy-
ces rimosus in binary system a) with Nickel b) with Copper c)
with Lead.

(a)

(b)

(c)

Figure 9 : Dye biosorption on dead Streptomyces rimosus at
different biosorbent doses in binary system (T =30°C, pH =

8.5).

Biosorption isotherm models in binary system

The data for BB41-Ni, BB41-Cu and BB41-Pb
binary system have been analyzed by Freundlich and
Langmuir equations models. The results of these analy-
ses, using linear regression procedures, are shown in
TABLE 3. This result suggest that dead Streptomyces
rimosus has a higher affinity to BB41 biosorption in
binary system. The n values calculated for the adsorp-
tion in binary system enhanced with the presence of
metal ions, indicating that the biosorption intensity was
satisfactory affected by the presence of other compo-
nent. The value of n, which is significantly higher than
unity, indicated that both in single and binary BB41 dyes
is favourably adsorbed by dead Streptomyces
rimosus[47]. Also From the table the magnitude of K

F

showed a relatively easy uptake of BB41 from aque-
ous solution with high biosorptive capacity of dead
Streptomyces rimosus.

Also, TABLE 3 shows the effect of ions metal added
on the Langmuir constants. As seen from this table Strep-
tomyces rimosus exhibited a higher maximum

The decrease of percentage removal with increase
of biomass (C

S 
> 0.3 g/l) dose might be due to the for-

mation of aggregates between the biomass particles at
high biomass doses, reducing the effective active area

It is clearly seen that the adsorbent dose was seri-
ously affected by the presence of metals ions. Thus,
compared with % removal of BB41 in single system,
the percentage removal in binary system is higher and
with small biosorbent quantity (0.3 g/l). In conclusion,
BB41 could still be effectively removed from aqueous
solution in the presence of Cu 2+, Ni2+ and Pb2+ ions,
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which provided the best correlation with experimental
data were the pseudo-second-order mode and this sug-
gests that the overall rate of the basic blue 41 process
appeared to be controlled by chemical process in single
and binary system.

Freundlich Langmuir 
System 

KF n R2 qmax mg/g b L/mg R2 

BB41 9.93 1.54 0.990 57.3 0.205 0.987 

BB41-Pb 18.9 2.40 0.996 66.36 0.311 0.978 

BB41-Cu 25.9 2.56 0.982 68.02 0.668 0.994 

BB41-Ni 18.4 1.75 0.998 61.73 0.320 0.962 

TABLE 3 : Parameters for adsorption isotherm of basic red
46 on antibiotic waste in single and binary component sys-
tem

Based on the isotherm profiles of basic blue 41
biosorption in single and binary system (Figures 10 a-
c), It is clear that the experimental results are repre-
sented by Freundlich isotherm.

Biosorption kinetics models in binary system

In order to analyze the dye sorption kinetics in bi-
nary system, the double exponential equation, pseudo-
first order, pseudo-second order kinetic and intraparticle
diffusion models were applied to the data. The applica-
tion of the linear form of the three kinetic models on our
experimental results are presented in Figures (11-13).
The rate constants and the regression coefficient (R2)
values are shown in TABLE 4 and TABLE 5. The ex-
perimental data showed a good compliance with the
pseudo-second order equation and the regression co-
efficients for the linear plots were also higher than 0.99
in single and binary system. Also, it can be concluded
from TABLE 4 that in binary component system, the
values of h is larger than in single component system for
basic blue 41 biosorption on dead Streptomyces
rimosus. Thus the kinetic rates are faster in binary com-
ponent system than in single component system. A pos-
sible explanation for the phenomena is that at binary
pollutants mixtures, the driving force is greater, forcing
the biosorption of BB41 to get quickly.

In conclusion, as shown in TABLE 4 and TABLE
5, the values of correlation coefficients of pseudo-first-
order are less than R2 < 0.980. As a result, the models

(a)

(b)

Figure 10 : Adsorption isotherms of BB41on dead Strepto-
myces rimosus in binary system a) with Lead b) with Copper
c) with nickel.

(c)

biosorption capacity (q
max

) for binary system than that
single system. However the addition of metal ion in solu-
tion increased the q

max 
value. The presence of copper (II)

(5mg/L) enhanced the maximum BB41 uptake capacity
of biomass from 57.3 to 68.02 mg/g. A large value of b
(0.311<b< 0.668) in biosorption of BB41 in the pres-
ence of metal ions than those in single system indicates
the high affinity of the biosorbent for the sorbate.

Figure 13 shows the intraparticle diffusion results
of BB41 on antibiotic waste in binary system. From the
figure it can be observed that there are two stages
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biosorption occurs. The calculated Ki values for each
system are given in TABLE 5. BB41 has higher intra-

Figure 11 : Pseudo-second- order kinetic for biosorption of
BB41 in binary system at pH 8.5.

Figure 12 : Pseudo- first- order kinetic for biosorption of
BB41 in binary system at pH 8.5.

Experimental Pseudo-first order Pseudo-second order 
system 

qexp (mg/g) qe,cal k1 R2 qe,cal H K2 R2 

BB41 7.15 6.62 0.179 0.987 7.93 2.22 0.035 0.997 

BB41-Pb 14.98 10.8 0.138 0.817 15.29 18.3 0.0782 0.999 

BB41-Cu 15.5 9.993 0.0138 0.964 16.08 8.55 0.0331 0.999 

BB41-Ni 14.54 9.78 0.069 0.916 14.16 8.51 0.039 0.998 

TABLE 4 : Parameters of kinetic models in binary adsorp-
tion system.

Figure 13 : Intraparticle diffusion for biosorption of BB41
dye onto dead Streptomyces rimosus in binary system at pH
8.5.

particle rate constant values in binary system than in
single. Hence In binary component, BB41 is easily dif-
fused into inner pores of dead Streptomyces rimosus
and surface precipitation of heavy metal ions, occupy-
ing active sites than in single system

CONCLUSION

The results of this study suggest that dead Strepto-
myces rimosus offers interesting capacities to absorb
of basic blue 41 in binary biosorption system as well as
in the single ones. The presence of metals in the waste-
water during binary biosorption can have significant
consequences. Batch tests have shown that the best
experimental condition to adsorb basic blue 41 onto
sorbent surface has been achieved by working at pH
8.5. From the kinetic tests, a short equilibrium time
around 30min was obtained, indicating that the dead
Streptomyces rimosus biomass could be used in a
biosorption-based continuous.

Biosorption data in binary system showed that the
adsorbed amount of dye increase as the presence of
metal present in solution. This effect was substantial for
presence of copper. We found that the biosorption ca-
pacity of biomass increased from 7.15 to 15.5 mg/g in
single system and with presence of copper respectively.

The adsorption kinetics in either single or binary sys-
tem will follow the pseudo-second order kinetics and it
is found that the Freundlich isotherm fit the experimental
data better than the others. It also suggests the heteroge-
neous nature of the biosorption of basic blue 41. Sorp-
tion on binary system is more effectives that this on single

Intraparticle diffusion 
System 

Ki R2 

BB41 0.209 0.820 

BB41-Pb 0.484 0.947 

BB41-Cu 0.664 0.959 

BB41-Ni 0.535 0.959 

TABLE 5 : Parameters of kinetic models in binary adsorp-
tion system.
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system. Finally, it may be concluded that Streptomyces
rimosus. may be used for the individual and simultaneous
removal of BB41 from effluents.
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