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Abstract: Pretreated waste Streptomyces fradiae biomass was utilized as an 
eco-friendly sorbent for Congo Red (CR) and Methylene Blue (MB) removal 
from aqueous solutions. The biosorbent was characterized by Fourier transform 
infrared spectroscopy. Batch experiments were conducted to study the effect of 
pH, biosorbent dosage, initial concentration of adsorbates, contact time and 
temperature on the biosorption of the two dyes. The equilibrium adsorption 
data were analysed using Freundlich and Langmuir models. Both models fitted 
well the experimental data. The maximum biosorption capacity of the pre-
treated Streptomyces fradiae biomass was 46.64 mg g-1 for CR and 59.63 mg g-1 
for MB, at a pH 6.0, with the contact time of 120 min, the  biosorbent dosage 
of 2 g dm-3 and the temperature of 298 K. Lagergren and Ho kinetic models 
were used to analyse the kinetic data obtained from different batch experi-
ments. The biosorption of both dyes followed better the pseudo-second order 
kinetic model. The calculated values for ΔG, ΔS, and ΔH indicated that the bio-
sorption of CR and MB onto the waste pretreated biomass was feasible, spon-
taneous, and exothermic in the selected temperature range and conditions.  

Keywords: waste biomass; water treatment; dyes; biosorption.  

INTRODUCTION 
Synthetic dyes are used in food, textile and paper, plastic, printing, leather 

and pharmaceutical industries. Worldwide, the production of synthetic dyes 
reaches 800 000 t/year, and from 60 to 70 % of this production goes to azo dyes.1 
                                                                                                                    

* Corresponding author. E-mail: gergana_kiro@mail.bg 
https://doi.org/10.2298/JSC170519093V 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



108 VELKOVA et al. 

Most of the azo dyes are characterized by a high resistance to chemical, thermal 
and photochemical effects; moreover, they cannot be subjected to biological deg-
radation, which determines their high persistence in the environment.2 Azo dyes 
exhibit toxic effects on living organisms and can release mutagenic and carcino-
genic substances.  

Conventional methods have been reported for dye removal (chemical pre-
cipitation, activated carbon adsorption, reverse osmosis, solvent extractions and 
oxidation by ozone), but they often produce the hazardous by-products and gen-
erate large amounts of solid waste, which requires costly disposal or regeneration 
methods.3,4 Among these methods the adsorption is considered as an effective 
method for dye removal. The most commonly used adsorbent is the activated 
carbon, but its disadvantages are the high costs of production and regeneration.5,6 

In recent years biosorption has become an economic and eco-friendly alter-
native method for removal of metals, dyes, phenols, fluoride, and pharmaceut-
icals from solutions.7,8 Biosorption is a metabolically passive process, performed 
by the materials of biological origin, not by living biomass. A wide variety of 
biomasses from different origins have been used for dye removal from aqueous 
solutions, like bacteria, yeast, fungi and algae,9–13 unmodified and modified 
chitosan,14,15 low-cost agricultural wastes,16–18 etc.  

Streptomyces is a genus consisted of Gram-positive bacteria. The Gram- 
-positive bacteria have a greater sorption capacity due to their thicker peptido-
glycan layer connected by amino acid bridges. Embedded in the Gram-positive 
bacterial cell wall are polyalcohols, some of which are lipid linked to form lipo-
teichoic acids.19 Among the functional groups presented on the bacterial cell wall 
are carboxyl, phosphonate, amine and hydroxyl groups.20  

The Streptomyces genus produces two-thirds of the clinically useful anti-
biotics and other bioactive compounds with remarkable importance.  

The antibiotic fermentation industry generates large amounts of waste which 
is disposed of by incineration. This unnecessary biomass, after suitable pretreat-
ment, has been used for biosorption of metals and dyes from aqueous solutions.21–24  

Congo Red (CR) is a benzidine-based anionic diazo dye that can cause aller-
gic reactions and can be metabolized to benzidine – a carcinogenic product.25 

Methylene Blue (MB) is a tricyclic phenothiazine cationic dye used in differ-
ent fields: textile, paper, rubber, plastics, leather, cosmetics, pharmaceutical and 
food industries.26 In high doses the dye can cause toxicity and it is also harmful if 
swallowed; it irritates the eyes, respiratory system and skin.27 CR and MB are 
widely employed as a model anionic and cationic dyes in adsorption studies 
using low-cost biosorbents. 

The aim of this research was to evaluate for the first time the biosorption 
capability of waste pretreated Streptomyces fradiae biomass, obtained from tyl-
osin production, as an eco-friendly biosorbent for the removal of CR and MB 
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from model aqueous solutions. In batch mode the different process parameters 
were optimized. The equilibrium, kinetic and thermodynamic parameters of the 
dyes biosorption by the waste Streptomyces fradiae biomass were investigated. 

EXPERIMENTAL 
Preparation and characterisation of the biosorbent 

The waste Streptomyces fradiae biomass from tylosin production was provided by “Bio-
vet” AD, Peshtera, Bulgaria. The lipids of the biomass were extracted with chloroform/meth-
anol by the Folch method to prevent the aggregation of the biosorbent during biosorption 
experiments.28 The obtained biomass was washed several times with deionized water until pH 
6 for the filtrate was reached, and oven-dried at 80 °C for 12 h. The dried biomass was ground 
and sieved (100 mesh sieve) and stored in desiccator until further use. 

Surface functional groups of the Streptomyces fradiae biomass before and after CR and 
MB sorption were recorded on Thermo Nicolet Avatar 330 Fourier Transform Infrared Spec-
trometer. Potassium bromide disks were prepared by mixing 2 mg of biosorbent samples with 
200 mg of KBr, at resolution of 4 cm-1. 
Adsorbates 

Methylene Blue (MB, color index number: 52015, chemical formula – C14H18ClN3S, 
molecular weight: 319.86 g mol-1, 98 % dye content) and Congo Red (CR, color index num-
ber: 22120, chemical formula – C32H22N6Na2O6S2, molecular weight: 696.66 g mol-1, 98 % 
dye content) were purchased from Sigma–Aldrich. 

Stock solutions of each dye (500 mg dm-3) were prepared in deionized water. Working 
solutions with desired concentrations were prepared daily, by the dilutions with deionized 
water. The dye concentrations were determined spectrophotometrically on a UV/Vis spectro-
photometer Ultrospec 3300. 

The absorbance of MB was measured at 663 nm. The maximum absorption wavelength 
of CR as a function of pH was determined, and specific pH standard calibration curves were 
generated. The absorption was measured at 570 nm (pH range 2–3), 506 nm (pH 4) and at 498 
nm (pH range 5–8).29  
Biosorption experiments 

In order to evaluate the effect of pH, biosorbent dosage, initial CR and MB concentra-
tions, contact time and temperature, a set of biosorption experiments were conducted in 250 
cm3 Erlenmeyer flasks, at a constant agitation speed of 250 rpm in a batch mode. The expe-
riments were carried out by varying: the initial pH of the solution from 2.0 to 8.0; the bio-
sorbent dosage from 0.5 to 4 g dm-3; the initial concentrations of each dye from 25 to 200 mg 
dm-3; the contact time from 5 to 180 min, and the temperature from 298 to 313 K. The initial 
pH of dye solutions was adjusted with 1 M HCl or 1 M NaOH in the range from 2.0 to 8.0. At 
the end of the biosorption process, the biosorbent was separated from the solution by centri-
fugation at 2500 rpm for 10 min and the residual dye concentration was determined as listed 
above.  

Blanks, containing dyes but no biosorbent, were used for each series of experiments. All 
experiments were performed in triplicate. For all graphical representations, the mean values of 
the three independent experiments were considered, but the standard deviations within the 
triplicates were too small to be plotted as an error bar (< 1 %). 

The amount of dye adsorbed per unit of biosorbent (mg dye per g of dry biomass) and 
the removal efficiency R (%) were calculated from the determined concentrations.  
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RESULTS AND DISCUSSION 

Characterization of the biosorbent 
The FTIR spectrum of the unloaded biomass (Fig. S-1 of the Supplementary 

material to this paper) has shown several bands. The broad and strong band 
between 3500 and 3200 cm–1 was assigned to the overlapping of –OH and/or 
–NH stretching vibrations. The peaks at 2924 and 2854 cm–1 confirmed the 
presence of –CH symmetric and asymmetric stretching vibrations of –CH2 
groups. The amide I band, –C=O stretching vibration appears at 1653 cm–1. The 
peak at 1542 cm–1 could be assigned to amide II, and it could be due to –NH 
bending and –CN stretching vibrations of –C–(=O)–NH– group in its transform-
ations. Sometimes asymmetric stretching vibration of the carboxylic anion group 
(–C(=O)–O–) appears around this wavenumbers.30 The peak observed at 1456 
cm–1 was due to a –CH2 scissoring or –CH3 anti-symmetrical bending vibration. 
The weak band at 1227 cm–1 can be attributed to a –C=O stretch.31 The peak 
around 1057 cm–1 could be caused by the stretching of phosphate groups. There-
fore, the FTIR analysis of the biosorbent revealed the presence of hydroxyl, car-
boxyl, amino, and phosphate groups on the biomass surface.  

The spectra obtained after MB and CR biosorption (Figs. S-2 and S-3 of the 
Supplementary material, respectively) showed the changes in the form and in the 
intensity of the band at 3420 cm–1. It was also shifted to 3410 and 3411 cm–1 after 
MB and CR biosorption, indicating the interactions between MB and CR 
molecules and/or –OH and –NH groups of the biosorbent. The bands at 2924 and 
2854 cm–1 almost disappeared after the biosorption of the two dyes. The bands 
from 1700 to 1100 cm–1 revealed a change in their form and intensities. The band 
at 1057 cm–1 also lost its intensity and shifts to 1062 cm–1 for the MB and CR 
loaded biomass. 

The FTIR spectra revealed possible interactions between the two dyes and 
the hydroxyl, amino, carboxyl and phosphate groups present on the biosorbent 
surface. 

Effect of pH 
The pH is one of the important process parameters affecting the biosorption 

removal, because it determines the chemistry of the dye solution and the activity 
of the functional groups present on the surface of the biosorbents.32 In general, as 
the pH of the solution increases, the removal of basic dyes is enhanced, while the 
removal of acidic dyes is reduced. At low pH values the surface of the biosorbent 
is positively charged (protonated functional groups) and opposes the biosorption 
of cationic species, but when the pH of the solution is increased, the biosorbent 
surface becomes negatively charged (deprotonation of functional groups) and the 
electrostatic interactions occurred between the oppositely charged sorbate and 
sorbent.  
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The obtained removal efficiencies for CR and MB as function of initial pH 
are presented in Fig. 1. 

 
Fig. 1. Effect of pH on MB and CR removal efficiency onto waste pretreated S. fradiae 

biomass (c0 = 50 mg dm-3, W = 2 g dm-3, V = 0.1 dm3, T = 298 K, t = 120 min). 

With the increasing of the initial pH of the solutions from 2.0 to 6.0 the 
removal efficiency of MB increased from 16.90 to 89.60 %. Further increasing in 
the pH did not affect the removal of this cationic dye. Similar results were 
obtained by other researchers.33,34 

For CR, the removal efficiency decreased slowly with the increasing of the 
initial pH of the solution, from 80.66 % at pH 2.0 to 61.60 % at pH 8.0. The 
calculated uptakes were 20.16 and 15.04 mg g–1, respectively. The pH has a little 
effect on the CR biosorption by the pretreated Streptomyces fradiae biomass. 
This fact gives potential for practical use, because it is costly, difficult and envi-
ronmentally hostile to decrease the pH of wastewaters to pH 2.0. Zhang et al.35 
studied the biosorption of CR onto living Streptomyces sp LH1 biomass, and 
observed the maximum removal of 97.5 % for 50 mg dm–3 initial dye concen-
tration at pH 2.0, on the other hand Bhattacharyya and Sharma36 reported that the 
pH of the solution played minimal effect on the CR biosorption. 

Considering the removal efficiencies and biosorption capacities, obtained in 
our study, all further biosorption experiments were carried out at initial pH 6.0. 

Effect of biosorbent dosage 
The effect of biosorbent dosage on the removal of MB and CR at the initial 

concentration of 50 mg dm–3 is shown in Fig. 2.  
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Fig. 2. Effect of biosorbent dosage on MB and CR removal efficiency onto waste S. fradiae 

biomass (c0 = 50 mg dm-3, pH 6.0, V = 0.1 dm3, T = 298 K, t = 120 min). 

The removal efficiency increased from 51.08 to 91.20 % when the biosor-
bent concentration increased from 0.5 to 4 g dm–3 for MB and from 39.86 to 
73.10 % for CR, respectively. Mane at al. explained this phenomenon with the 
greater surface area and the availability of more sites for biosorption.37 However, 
the biosorption capacity decreased. This fact can be attributed to the overlapping 
or aggregation of biosorbent particles. All further experiments were conducted 
with 2 g dm–3 amount of biosorbent. 

Biosorption kinetics and effect of contact time 
The kinetic profiles of CR and MB biosorption onto waste pretreated waste 

biomass Streptomyces fradiae are shown in Fig. 3. 
As it can be seen from Fig. 3, the uptake of the dyes was rapid in the first 40 

min. This rapid phase was followed by a secondary slower phase until equilib-
rium was reached at 80 min for MB and 70 min for CR, respectively. The rapid 
phase could be explained with the availability of enough free active binding sites 
on the biosorbent surface, but during the second phase, the number of binding 
sites is limited and the effectiveness decreased. Further biosorption experiments 
were carried out for a contact time of 120 min. 

The obtained kinetic data were analysed with pseudo-first38 and pseudo- 
-second39 order kinetic models. 

The parameters of pseudo-first-order and pseudo-second-order models were 
estimated with the aid of the non-linear regression. The obtained data and the 
correlation coefficients are presented in Table I. 
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Fig. 3. Effect of contact time on MB and CR biosorption onto pretreated S. fradiae biomass 

(c0 = 50 mg dm-3, pH 6.0, V = 0.1 dm3, W = 2.0 g dm-3, t = 120 min, T = 298 K). 

TABLE I. Parameters of pseudo-first and pseudo-second-order kinetic models 

Parameter Dye
MB CR 

qe
exp / mg g-1 22.40 17.96 

Pseudo-first-order kinetic model
qe

cal / mg g-1 14.37 7.11 
k1×10-2 / min-1 5.62 4.09 
R2 0.9906 0.9086 

Pseudo-second-order kinetic model
qe

cal / mg g-1 24.04 18.96 
k2×10-2 / g mg-1 min 0.644 1.04 
R2 0.9996 0.9962 

The obtained results indicated that the biosorption of MB and CR onto the 
pretreated waste biomass followed the pseudo-second order kinetic model. The 
correlation coefficients (R2) were close to 1. This value indicated a good correl-
ation with the experimental data. The calculated equilibrium uptake, qe

cal, was in 
good agreement with the experimental values, qe

exp. The pseudo-second kinetic 
model has been one the most frequently used, and the grand advantage of this 
model is its accuracy in describing the whole range of the experimental kinetic 
data.40,41  

Effect of initial dye concentration and biosorption models 
The biosorption capacity of waste pretreated Streptomyces fradiae biomass 

for MB and CR was studied for different initial dye concentrations and the 
obtained data are shown in Fig. 4. 
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Fig. 4. Effect of initial concentration on biosorption of MB and CR onto waste pretreated S. 

fradiae biomass (W = 2 g dm-3; V = 0.1 dm3; pH 6.0; t = 120 min, T = 298 K). 

The biosorption capacity increased with the rise of the initial dye concentra-
tion because of the high driving force for mass transfer. At higher concentrations, 
MB and CR, the removal efficiency decreased, due to the saturation of the bind-
ing sites on the biosorbent surface. 

For the evaluating and the comparing of the biosorption capacities of MB 
and CR by the pretreated waste biomass of S. fradiae, Langmuir and Freundlich 
isotherm models were applied.42  

The constant b, obtained from Langmuir equation, was used to determine the 
suitability of the biosorbent to sorbate by the Hall separation factor (RL, dim-
ensionless):43 

 L
0

1
1

R
bc

=
+

 (1) 

where c0 is the highest initial sorbate concentration (mg dm–3). There are four 
probabilities for the RL value: for favourable adsorption 0 < RL < 1; for unfavour-
able adsorption RL > 1; for linear adsorption RL = 1 and for irreversible ads-
orption RL = 0. 

The Langmuir and Freundlich linear plots are shown in and Figs. 5 and 6. 
The calculated adsorption isotherm constants for MB and CR and correlation 

coefficients are presented in Table II.  
The biosorption of MB and CR on the waste pretreated Streptomyces fradiae 

biomass fitted well to both Langmuir and Freundlich isotherm models, the correl-
ation coefficients ranged from 0.9647 to 0.9813. The homogeneous and hetero-
geneous distribution of the active sites on the surface of the studied biosorbent could 
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Fig. 5. Langmuir isotherm model for MB and CR. 

 
Fig. 6. Freundlich isotherm model for MB and CR. 

TABLE II. Adsorption isotherm constants for MB and CR biosorption 

Parameter Dye
MB CR 

Langmuir isotherm
qmax / mg g-1 59.63 46.64 
b / dm3 mg-1 0.098 0.046 
R2 0.9785 0.9647 

Freundlich isotherm
n 2.75 2.47 
KF / mg g-1 dm3/n mg-1/n 11.38 6.11 
R2 0.9746 0.9813 
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explain this result. The calculated RL values were 0.048 and 0.098 for MB and 
CR. 

Values of 2.75 and 2.47 were obtained for n with the Freundlich isotherm, 
for the biosorption of MB and CR, respectively. These values indicated that the 
adsorption process was favourable under the studied conditions.  

Effect of temperature and biosorption thermodynamics 
The effect of temperature on the removal efficiency of MB and CR was stu-

died at three temperatures: 298, 303 and 313 K (Fig. 7). 

 
Fig. 7. Effect of temperature on MB and CR uptake. 

The biosorption experiments were conducted with 2 g dm–3 of biosorbent, 50 
mg dm–3 initial concentration of each dye, and initial pH 6.0. The removal effi-
ciency for MB decreased from 89.60 to 80.76 %, and for CR from 71.86 to 64.20 % 
when the temperature increased from 298 to 313 K. The similar results were 
obtained by Nacèra and Aicha23 for MB biosorption on waste Streptomyces rimo-
sus biomass and by Acemioğlu et al.33 for MB biosorption on Aspergillus wentii. 

In order to describe the thermodynamic behaviour of the biosorption of MB 
and CR on waste pretreated Streptomyces fradiae biomass, the thermodynamic 
parameters were calculated: ΔG – change in Gibbs energy, J mol–1; ΔH – change 
in enthalpy, J mol–1; ΔS – change in entropy, J K–1 mol–1; Kd – the distribution 
coefficient, found from the ratio of the dye concentration adsorbed (cad,e) to the 
dye concentration (ce) in the solution at equilibrium.43 

The values of ΔH and ΔS were obtained from the slope and intercept of the 
plot of Kd versus T–1. The obtained values of the thermodynamic parameters of 
MB and CR biosorption are given in Table III. 

The negative values of Gibbs energy change in the temperature range 298– 
–313 K showed the spontaneity of the MB and CR biosorption process. The dec-
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rease in the values of ΔG with the increase in temperature confirmed the dim-
inishing of the spontaneity of the biosorption, so the process turned out unfavour-
able at higher temperatures. The negative values of the standard enthalpy were 
due to the exothermic nature of the biosorption of CR and MB. The negative ΔS 
values suggested the decrease in randomness at the solid/liquid interface during 
biosorption.  

TABLE III. Thermodynamic parameters calculated for MB and CR biosorption on waste 
pretreated Streptomyces fradiae biomass 
Dye T / K Kd ΔG / J mol-1 ΔH / kJ mol-1 ΔS / J K-1 mol-1 

MB 298
303 
313

8.61 
6.13 
4.19 

–5354.24
–4637.15 
–3723.05

–35.04 –100.07 

CR 298
303 
313

2.55 
2.21 
1.79 

–2320.17
–1996.15 
–1491.06

–17.47 –50.94 

The maximum biosorption capacities of dyes by various biosorbents vary as 
a function of experimental conditions – biosorbent dosage, initial dye concentra-
tion, pH, equilibrium time and temperature. The biosorption capacities obtained 
for CR and MB in this study were compared with the other microbial bio-
sorbents. 

Table IV outlines qmax values (obtained from Langmuir isotherm model) for 
CR and MB biosorption. 

TABLE IV. Comparison of biosorption capacities of waste pretreated Streptomyces fradiae 
biomass with other microbial biosorbents  
Dye Biosorbent qmax / mg g-1 Experimental conditions Ref. 
MB S. rimosus 34.34 pH natural; V = 0.1 dm3; W = 25 g dm-3; 

C0 = 10–150 mg dm-3; 293 K 23 

B. subtilis 169.49 pH 6–8; V = 0.1 dm3; W = 1 g dm-3; 
293 K; t = 30 min 45 

S. fradiae 59.63 pH 6; V = 0.1 dm-3; W = 2 g dm-3;
C0 = 25–200 mg dm-3; 298 K; t = 2 h 

This 
work 

CR R. arrhizus 49 pH natural; V = 0.025 dm-3; W = 1.5 g dm-3; 
C0 = 25–1000 mg dm-3; t = 30 min 46 

Dietzia strain 170.34 pH 3; V = 0.1 dm-3; W = 5 g dm-3;
C0 = 10–100 mg dm-3; 313 K; t = 12 h 47 

Streptomyces 
sp. LH1 

38.12 pH 5; V = 0.1 dm-3; W = 20 g dm-3; 
C0 = 20–60 mg dm-3; 298 K; t = 24 h 35 

S. fradiae 46.64 pH 6; V = 0.1 dm-3; W = 2 g dm-3;
C0 = 25–200 mg dm-3; 298 K; t = 2 h 

This 
work 

Two biosorbents are showing higher maximum biosorption capacities for 
MB and CR sorption, but the species they are made from were specially cul-
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tivated and then killed for the preparation of the biosorbents, which leads to the 
increase in process cost. It also has to be mentioned that the maximum biosorp-
tion capacity of CR was achieved at acidic pH, different temperature and differ-
ent amount of sorbent and a contact time of 12 h. The waste pretreated Strepto-
myces fradiae biomass is competitive with other reported biomasses – byproducts 
of fermentation industries (Streptomyces rimosus and Rhizopus arrhizus).  

CONCLUSIONS 

Waste pretreated Streptomyces fradiae biomass, obtained from the tylosin 
production, can be used as an effective eco-friendly biosorbent for the cationic 
(MB) and the anionic (CR) dye removal from aqueous solutions. The pretreated 
biomass, and MB and CR loaded biomasses were characterized by FTIR spectro-
scopy and the possible role of hydroxyl, amino, carboxyl and phosphate groups 
presented on the biosorbent surface were revealed. By the set of experiments the 
optimum biosorption conditions were found: initial pH 6.0; contact time of 120 
min; biosorbent dosage of 2 g dm–3; initial concentration range from 25 to 200 
mg dm–3 and temperature of 298 K. The main advantage of the pretreated bio-
sorbent is that the pH has an insignificant effect on the biosorption of the anionic 
dye. This gives a potential for practical use, because it is costly and difficult to 
decrease the pH of the wastewaters to acidic pH. 

The equilibrium data for MB and CR biosorption fitted well into the Lang-
muir and Freundlich models. The pseudo-second order kinetic model describes 
the biosorption kinetic of the both dyes better. The thermodynamic studies showed 
that the biosorption of MB and CR was exothermic and spontaneous in nature.  

The present study gives the important data about the utilization of waste pre-
treated Streptomyces fradiae biomass as the biosorbent for anionic and cationic 
dyes removal from aqueous solutions. The majority of biosorption studies use 
only one dye in batch systems. The dyes containing effluents are composed of 
more than one dye, and in addition the contaminants such as metal ions and surf-
actants are present.  

Future studies will be directed to the regeneration of the biosorbent and the 
biosorption. 

SUPPLEMENTARY MATERIAL 
FTIR spectra of waste and biosorbents are available electronically at the pages of journal 

website: http://www.shd.org.rs/JSCS/, or from the corresponding author on request. 
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И З В О Д  
БИОСОРПЦИЈА КОНГО-ЦРВЕНОГ И МЕТИЛЕНСКО-ПЛАВОГ БИОМАСОМ 

ПРЕДТРЕТИРАНОГ ОТПАДА ОД Streptomyces fradiae – РАВНОТЕЖНА, КИНЕТИЧКА 
И ТЕРМОДИНАМИЧКА ИСПИТИВАЊА 

ZDRAVKA Y. VELKOVA1, GERGANA K. KIROVA1, MARGARITA S. STOYTCHEVA2 и VELIZAR K. GOCHEV3 

1
Department of Chemical Sciences, Faculty of Pharmacy, Medical University of Plovdiv, Vasil Aprilov 15-A 

Blvd., Plovdiv 4002, Bulgaria, Plovdiv 4000, Bulgaria, 
2
Instituto de Ingeneria, Universidad Autonoma de 

baja California, Blvd. B. Juarez y calle de la Normal s/n 21280 Mexicali Baja California, Mexico и 
3
Department of Biochemistry and Microbiology, Faculty of Biology, Paisii Hilendarski University of Plovdiv, 

Tzar Asen Str. 24, Plovdiv 400, Bulgaria 

Коришћена је биомаса од предтретираног отпада Streptomyces fradiae као еколошки 
прихватљив сорбент боја конго-црвене (CR) и метиленско плаве (MP) за уклањање из 
водених раствора. Овај биосорбент је окарактерисан инфрацрвеном спектроскопијом са 
Фуријеовом (Fourier) трансформацијом. Шаржни експерименти су спроведени ради 
испитивања ефекта pH, дозирања биосорбента, почетне концентрације адсорбата, кон-
тактног времена и температуре на биосорпцију. Подаци о адсорпционој равнотежи су 
анализирани моделима Фројндлиха (Freundlich) и Лeнгмира (Langmuir). Резултати су 
поређени са експерименталним подацима. Максимални биосорпциони капацитет овакве 
биомасе је био 46,64 mg g-1 за CR и 59,63 mg g-1 за MP, при pH 6,0 и време контакта 120 
min, при дози биосорбента 2 g dm-3 и температури 298 K. Кинетички подаци добијени из 
различитих шаржних експеримената су анализирани моделима Лажергрена (Lagergren) 
и Хоа (Ho). Боље слагање је добијено помоћу кинетичког модела псеудо-другог реда. 
Израчунате вредности за ΔG, ΔS и ΔH указују на то да је биосорпција CR и MP на 
предтретирану отпадну биомасу изводљива, спонтана и егзотермна у одабраном опсегу 
температура и услова. 

(Примљено 19. маја, ревидирано 28. јула, прихваћено 1. августа 2017) 

REFERENCES 
1. H. B. Mansour, O. Boughzala, D. Dridi, D. Barillier, L. Chekir-Ghedira, R. Mosrati, J. 

Water Sci. 24 (2011) 209 
2. Q. Sun, L. Yang, Water Res. 37 (2003) 1535 
3. T. Robinson, G. McMullan, R. Marchant, P. Nigam, J. Biores. Tech. 77 (2001) 247 
4. J. Vijayaraghavan, S. J. S. Basha, J. Jegan, J. Urban Environ. Eng. 7 (2013) 30 
5. D. Kavitha, C. Namasivayam, Chem. Eng. J. 139 (2008) 453 
6. G. Z. Kyzas, J. Fu, K. A. Matis, Materials 6 (2013) 5131 
7. I. Michalak, K. Chojnacka, A. Witek-Krowiak, Appl. Biochem. Biotechnol. 170 (2013) 1389 
8. A. Srinivasan, T. Viraraghavan, J. Environ. Manage. 91 (2010) 1915 
9. S. W. Won, H. J. Kim, S. H. Choi, B. W. Chung, K. J. Kim, Y. S. Yun, Chem. Eng. J. 

121 (2006) 37 
10. J. Y. Farah, N. S. El-Gendy, Biosci. Biotechnol. Res. Asia 4 (2007) 359 
11. I. Kiran, T. Akar, A. S. Ozcan, A. A. Ozcan, S. S. Tunali, Biochem. Eng. J. 31 (2006) 197 
12. S.V. Mohan, N.C. Rao, K. Prasad, J. Karthikeyan, Waste Manage. 22 (2002) 575  
13. J.Y. Farah, N. S. El-Gendy. Turkish J. Eng. Environ. Sci. 37 (2013) 146 
14. G. Crini, F. Gimbert, C. Robert, B. Martel, O. Adam, N. Morin-Crini, F. De Giorgi, P. M. 

Badot, J. Hazard. Mater. 153 (2008) 96 
15. E. Guibal, P. McCarrick, J. M. Tobin, Sep. Sci. Technol. 38 (2003) 3049 
16. Z. Aksu, I. A. Isoglu, J. Hazard. Mater. 137 (2006) 418 
17. R. Gong, Y. Ding, M. Li, C. Yang, H. Liu, Y. Sun, Dyes Pigm. 64 (2005) 187 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



120 VELKOVA et al. 

18. R. Gong, M. Li, C. Yang, Y. Sun, J. Chen, J. Hazard. Mater. 121 (2005) 247 
19. E. D. Van Hullebusch, M. H. Zandvoort, P. N. L. Lens, Rev. Environ. Sci. Biotechnol. 2 

(2003) 9 
20. A. Van der Wal, W. Norde, A. J. B. Zehnder, J. Lyklema, Colloids Surfaces, B 9 (1997) 81  
21. A. Selatnia, M. Z. Bakhti, Eur. J. Miner. Process. Environ. Prot. 5 (2005) 135 
22. A. Tassist, H. Lounici, N. Abdi, N. Mameri, J. Hazard. Mater. 183 (2010) 35 
23. Y. Nacèra, B. Aicha, Chem. Eng. J. 119 (2006) 121 
24. Z. Velkova, G. Kirova, V. Gochev, V. Kafadarova, M. Stoytcheva, Sci. Works Univ. 

Food Technol. LXI (2014) 546 
25. H. M. Pinheiro, E. Touraud, O. Thomas, Dyes Pigm. 61 (2004) 121 
26. B. A. Fil, C. Özmetin, M. Korkmaz, Bull. Korean Chem. Soc. 33 (2012) 3184 
27. R. P. Ginimuge, S. D. Jyothi, J. Anaesthesiol. Clin. Pharmacol. 26 (2010) 517 
28.  J. Folch, M. Lees, G. H. Sloane-Stanley, J. Biol. Chem. 226 (1957) 497 
29. Z. Qi, X. Chuanxin, G. Wenqi, Z. Wenjun, J. Hazard. Mater. 198 (2011) 381 
30. K. Saurav, K. Kannabiran, Ann. Microbiol. 61 (2011) 833 
31. R. Davis, L.J. Mauer, in Current Research, Technology and Education Topics in Applied 

Microbiology and Microbial Biotechnology, A. Méndez-Vilas, Ed., Formatex Research 
Center, Badajoz, 2010, p. 1582 

32. K. Vijayaraghavan, Y. S. Yun, Biotechnol. Adv. 26 (2008) 266 
33. B. Acemioğlu, M. Kertmen, M. Diğrak, M. H. Alma, Afr. J. Biotechnol. 9 (2010) 874 
34. P. Waranusantigul, P. Pokethitiyook, M. Kruatrachue, E.S. Upatham, Envir. Pollut. 125 

(2003) 385 
35. Y. Zhang, J. Huang, Y. Liu, Fresen. Environ. Bull. 21 (2012) 2766 
36. K. G. Bhattacharyya, A. Sharma, J. Environ. Manage. 71 (2004) 217 
37. V. S. Mane, I. D. Mall, V. C. Srivastava, Dyes Pigm. 73 (2007) 269 
38. Y. S. Ho, Scientometrics 59 (2004) 171 
39. Y. S. Ho, G. Mckay, Can. J. Chem. Eng. 76 (1998) 822 
40.  X. J. Xiong, X.J. Meng, T. L. Zheng, J. Hazard. Mater. 175 (2010) 241 
41. N. Barka, M. Abdennouri, M. El Makhfouk, J. Taiwan. Inst. Chem. Eng. 42 (2011) 320 
42. X. Li, Q. Xu, G. Han, W. Zhu, Z. Chen, X. He, X. Tian, J. Hazard. Mater.165 (2009) 469 
43. K. R. Hall, L. C. Eagleton, A. Acrivos, T. Vermeulen, Ind. Eng. Chem. Fundam. 5 (1966) 

212 
44. H. B. Senturk, D. Ozdes, A. Gundogdu, C. Duran, M. Soylak, J. Hazard. Mater. 172 

(2009) 353 
45. A. Ayla, A. Çavuş, Y. Bulut, Z. Bays, Ç. Aytekin, Desalin. Water Treat. 15 (2013) 7596 
46. N. A. Salvi, S. Chattopadhyay, Appl. Water Sci. 1 (2016) 1 
47. P.D. Saha, P. Bhattacharya, K. Sinha, S. Chowdhury, Desal. Water Treat. 51 (2013) 

5840. 

________________________________________________________________________________________________________________________Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




