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Textile industries rank first in the usage of dyes when compared to other industries like food, paper, 

cosmetics and carpet industries [28,23,12]
unfixed dyes are lost in the effluent during the dyeing process 
also negatively affect aquatic life by reducing light penetration 
significantly [29]. Therefore, such colored synthetic compounds
or removed as they are hazardous to human being
color removal involve microbial, physical and/or chemical processes, such as microbial degradation
chemical oxidation (ozonation) [29,38]
previously proposed. However, all the
dyes from wastewater completely. Microbial 
compounds but the products of biodegradation may also be hazardous. On the other hand, some of toxic 
used in textile industry can be resistant to natural biological degradation, 
waste effluents becomes environmentally import
removal approach in which the sorption of the chemicals 
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A B S T R A C T 
 Reactive dyes are one of the organic pollutants which poured into clean water and 

negatively affect ecosystem.  Conventional treatments of wastewater containing such 
pollutants are either very costly or non-ecofriendly. In this stud
exchange sorbents of SPGMA and bacterial mass of an isolated strain were tried to 
remove methylene blue (MB) dye from the aqueous solutions. Modified polymer of 
glycidyl methacrylate was prepared and structurally characterized usin
and SEM. Moreover, the bacterial strain which has high capability to remove such 
cationic dye was isolated from the local soil samples. The efficiency of cationic 
exchange sorbent, bacterial mass or their combined systems in removing MB from th
aqueous solution at varying initial concentrations of 5, 10, 15, 20 or 25 mg/L were 
evaluated. The highest percentage of dye removal exhibited for SPGMA was (94.8%) 
which is achieved with dye solution at initial concentration of 20 mg/L after 90 min. 
Bacterial mass resulted 95.8% of dye removal from initial concentration of 25 mg/L 
through 4 hr. While SPGMA / isolated bacteria mass system recorded 96.3% of dye 
removal at the same initial concentration. Furthermore, MB dye sorption mechanism 
was numerically studied using two models of equilibrium isotherms (Langmuir and 
Freundlich). The findings of the above mentioned models were validated by 
experimental data to study the effect of temperature, initial dye concentration, and 
treatment time. 
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INTRODUCTION  

Textile industries rank first in the usage of dyes when compared to other industries like food, paper, 
[28,23,12]. The main culprit of these industries is that about 5

unfixed dyes are lost in the effluent during the dyeing process [23]. These dye compounds
negatively affect aquatic life by reducing light penetration which affects photosynthetic activity

colored synthetic compounds that enter wastewater streams
as they are hazardous to human being and aquatic environments. The major methods for dye and 

involve microbial, physical and/or chemical processes, such as microbial degradation
[29,38], chemical coagulation [25], and sorption process

proposed. However, all these methods suffer from some limitations that hinde
Microbial degradation may be a removal process for some of these hazardous 

but the products of biodegradation may also be hazardous. On the other hand, some of toxic 
used in textile industry can be resistant to natural biological degradation, and subsequently 
waste effluents becomes environmentally important issue [33]. In this regard, sorption is a

the sorption of the chemicals onto solid sorbents or by the microbial biomass. The 
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Reactive dyes are one of the organic pollutants which poured into clean water and 
negatively affect ecosystem.  Conventional treatments of wastewater containing such 

ecofriendly. In this study, both of polymeric ion 
exchange sorbents of SPGMA and bacterial mass of an isolated strain were tried to 
remove methylene blue (MB) dye from the aqueous solutions. Modified polymer of 
glycidyl methacrylate was prepared and structurally characterized using FTIR, TGA 
and SEM. Moreover, the bacterial strain which has high capability to remove such 
cationic dye was isolated from the local soil samples. The efficiency of cationic 
exchange sorbent, bacterial mass or their combined systems in removing MB from the 
aqueous solution at varying initial concentrations of 5, 10, 15, 20 or 25 mg/L were 
evaluated. The highest percentage of dye removal exhibited for SPGMA was (94.8%) 
which is achieved with dye solution at initial concentration of 20 mg/L after 90 min. 

terial mass resulted 95.8% of dye removal from initial concentration of 25 mg/L 
through 4 hr. While SPGMA / isolated bacteria mass system recorded 96.3% of dye 
removal at the same initial concentration. Furthermore, MB dye sorption mechanism 

y studied using two models of equilibrium isotherms (Langmuir and 
Freundlich). The findings of the above mentioned models were validated by 
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of these industries is that about 5-50% of the 

compounds may be toxic and can 
photosynthetic activity 

wastewater streams have to be treated 
The major methods for dye and 

involve microbial, physical and/or chemical processes, such as microbial degradation [35,31], 
processes [20,21] have been 

that hinder removing color and 
degradation may be a removal process for some of these hazardous 

but the products of biodegradation may also be hazardous. On the other hand, some of toxic dyes 
and subsequently their removal from 
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by the microbial biomass. The 
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uptake or accumulation of chemicals by microbial biomass has been termed bio-sorption. Where, the 
mechanism responsible for this accumulation has been shown to be complex and among others involves 
adsorption or absorption into various components of the microbial cell [9].  

Adsorption is one of the most treatment technologies widely used to remove dissolved dyes from 
wastewaters because of the negligible one-time investment, convenient use and easy separation [7]. Utilization 
of biodegradable and effective adsorbents obtained from natural resources for the removal of different dyes from 
textile waste effluents has been proven to be an excellent process over many conventional methods, especially 
from an economical and environmental point of view [32,5,6,24].  

In many attempts to find cost effective available alternative adsorbents, a wide variety of microbial biomass 
such as Aspergillus niger biomass, algal biomass, Spirogyra rhizopus biomass and bacterial biomass have been 
tried to remove dyes from wastewaters [3,36,31,30,19]. In addition to the living microbial biomass, dead, 
pretreated and immobilized form of micro-organisms has been utilized as adsorbing agents. These materials are 
cheap to produce and carry wide range of binding sites for dye molecules [18,40].  

 The present study aimed to prepare a novel cost effective ionic sorbent composed of SPGMA and bacterial 
mass (an isolated strain) to be used for reactive dyes removal. The cationic dye ‘methylene blue’ was chosen as 
a model molecule for basic dyes. The sorption capacities and kinetics of bacterial mass/SPGMA systems and 
each of their components for removal of MB from aqueous solutions were investigated. Where, fundamental 
factors governing sorption process such as initial dye concentration and process temperature and duration were 
studied. Langmuir and Freundlich isotherm models were also employed to analyze the equilibrium data and the 
correlations of the experimental data to the isotherms was examined. 

 
Experimental: 
Materials: 

Glycidyl methacrylate (GMA; 97%) from Sigma-Aldrich Chemicals (Switzerland), Ethyl alcohol absolute 
(99%) and Sodium sulfite (SS) (Sigma-Aldrich Chemicals), Ltd. (Germany). MB was obtained from NICE 
chemicals pvt. Ltd company. Bacterial isolates were collected from local Egyptian soil in New Borg El-Arab 
city, Alexandria. 

 
Methods: 
1- Preparation of poly (glycidyl methacrylate) (PGMA): 

Poly (glycidyl methacrylate) (PGMA) was prepared using photo-initiated atom transfer radical 
polymerization (ATRP) of glycidyl methacrylate (GMA) in anisole as follows; To a 10 ml Schlenk tube 
containing CuBr2 and TPMA, evacuated and filled with argon, argon-purged anisole was added under argon 
atmosphere. The mixture in the Schlenk tube was sonicated for 5 min to form a CuBr2/TPMA complex. 
Subsequently GMA purged with argon and BPN was added to the Schlenk tube under argon atmosphere. The 
mixture was degassed by three freeze-pump-thaw cycles and backfilled with argon. Photo-initiated 
polymerization was done using a medium-pressure mercury lamp (λ > 350 nm) in a Spectromat apparatus 
(Ivoclar AG, Lichtenstein, glass filter λ = 350-550 nm). To prevent heating of the sample during irradiation, the 
Schlenk tube was placed into a double-layer glass tube. In the outer layer of the finger, water thermos-stated at 
25 °C was circulated. 

 
2- Spgma: 

 Chemical modification of PGMA was carried out by opening epoxy ring of GMA to introduce sulfonic 
groups. Where, sodium sulphite, dissolved in alcoholic aqueous solution was reacted with PGMA at 80 °C for 2 
hr. The resultant sulfonated polymer was precipitated using centrifugation at 14,000 rpm for 30 min, then 
washed with distilled water to remove any un-reacted sodium sulphite. [26,16,1,27].  

 
3- Characterization of PGMA and SPGMA:  
a) Infrared spectral analysis: 

Infrared spectral analysis for prepared PGMA and SPGMA was carried out using Fourier transform infrared 
spectrophotometer (Shimadzu FTIR-8400 S, Japan). The spectra were recorded over a range of 500 - 4000 cm−1 
with a resolution of 2 cm−1 and averaged 32 scans. 

 
b) Thermogravimetric analysis: 

Thermal stability of pre-prepared PGMA and SPGMA was studied by using thermogravimetric analyzer 
(Shimadzu TGA-50, Japan). Specimens (10 mg) were thermally scanned from 25 °C to 800 °C in open 
corundum crucibles under nitrogen with flow rate of ~200 ml/min at scanning rate 10 °C /min. 
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c) Scanning electron microscopic analysis: 
Morphological characteristics of prepared PGMA and SPGMA were carried out using energy-dispersive 

analysis Joel Jsm 6360LA (JEOL Ltd., Rigaku, Tokyo, Japan). Examination was performed at an acceleration 
voltage of 15 kV with magnification power of 1000 - 3000×. Polymer samples were first coated with gold using 
JFC-1100E sputtering coater. 

 
4- Isolation of bacterial strains with dye decolorizing capability: 

Local Egyptian soil samples were collected from Borg El-Arab city, Alexandria Serial dilutions (10-1-10-5) 
of these samples were prepared and one hundred micro liters of each dilution was spread over nutrient agar 
(NA) plates containing 10 mg/L of MB. These plates were incubated at 30 °C for 5 days. The colonies that 
appeared clear zones around their margins were picked out and checked for their purification on new sterile 
nutrient agar plates. Then, the purified bacterial isolates were preserved in glycerol (60%) and kept at -80 °C.  

 
5- Screening the bacterial strains: 

The bacterial isolates which possess dye decolorizing capability were cultivated in MB containing broth (10 
mg/L) in order to determine which has the most efficiency. Fifty milliliters of MB containing nutrient broth 
were sterilized in 250 ml flasks and were inoculated with 50 µl of 18 hr overnight cultures of each tested 
bacteria. The flask without inoculation used as a control sample. These flasks were kept in shaking incubator for 
three days at 30 °C and 150 rpm. Ten milliliters of each bacterial broth were centrifuged at 10,000 rpm for 10 
min and the optical density of the supernatants was measured against the control sample at 655 nm. The 
percentage of dye removal for each bacterial isolate was calculated. 

 
6- Bacterial strain identification and phylogenetic analysis: 
a) DNA extraction: 

The genomic DNA from the bacterial isolate was extracted using bacterial genomic DNA extraction kit 
(Promega, USA) according to the manufacturer instructions. 
 
b) Amplification and sequencing of 16S rRNA gene: 

The 16S rRNA gene was amplified using universal primers according to (Suganya, et al., 2013) with some 
modifications. The used forward and reverse primers were able to amplify almost 1500 pb of the required gene. 
The sequence for the 16S forward primer (27F) was 5' AGAGTTTGATCMTGGCTCAG-3' and the sequence 
for the reverse primer (1492R) was 5'-TACGGYTACCTTGTTACGACTT-3'. The PCR mixture consisted of 10 
picomoles of each primer, 1 μl of chromosomal DNA, 0.5 μl of dNTPs and 2.5 units of Taq polymerase with 10 
μl of polymerase buffer containing MgCl2. The PCR was carried out with starting denaturation step at 95 ºC for 
10 min followed by 30 cycles of 94 ºC for 1 min, 55 ºC for 1 min and 72 ºC for 2 min followed by final 
extension step at 72 ºC for 10 min. After completion, a fraction of the PCR mixture was examined using 1.5% 
agarose gel in TBE buffer (pH 8.5). Electrophoresis was carried out at 150 V for 20 min and the formed PCR 
band was visualized using UV trans-illuminator. The obtained gene was purified using PCR gel purification kit 
(Promega, USA) and was submitted to sequencing (Sigma, Germany) and the similarity of the obtained 
sequence was matched with the Gen Bank deposited sequences (www.ncbi.nlm.nih.gov).  

 
7- Preparation of dye solution: 

    Before use, MB was dried at 110 °C for 2 hr. Stock solution was prepared by dissolving accurately 
weighed samples of dye in distilled water to give a concentration of 1000 mg/l. The experimental solutions with 
different concentrations were prepared by diluting the stock solution with distilled water. 

 
8- Batch sorption experiments: 

Sorption experiments on PGMA and SPGMA were performed in order to determine the time needed to 
reach equilibrium and the pattern of the kinetics. Kinetic sorption experiments were carried out to study the 
effect of time on sorption process. Sorption tests were performed in a set of Erlenmeyer flasks (250 ml) where 
50 ml of MB solutions with initial concentrations of 5-25 mg/L were placed in these flasks.  Equal mass of 0.1 g 
of the prepared poly (glycidyl methacrylate) (PGMA) was added to each flask and kept in an orbital shaker 
operated at 200 rpm at ambient temperature (± 25 °C). The dye concentration was analyzed using UV/VIS 
spectrophotometer (Ultrospec 2000 - Pharmacia Biotech), the sample was separated by decantation. All the 
measurements were done at wavelength corresponding to the maximum absorbance of 655 nm. Binding capacity 
and percentage of removal of MB can be calculated using the following equations 1 and 2, respectively. 

�� =  ��� − �	

�
�

                                                                                                                                                                  �1
 

Where, �� is the amount of bound dye [mg/g], �� and �	 are the liquid phase concentration of MB dye 
initially and at equilibrium [mg/L], � is the volume of dye solution, and � is the weight of sorbent used. 



469                                                                M.A. Abu-Saied et al, 2015 
Advances inEnvironmental Biology, 9(24) November 2015, Pages: 466-481 

 

 

 

 �	����� �%
 =  �����

��
× 100          (2) 

Where, �� and �	 (mg/L) are the liquid-phase concentrations of dye at initial and equilibrium, respectively. 
 

9- Bacterial decolorization of MB dye:  
The bacterial isolate which exhibited the highest MB removal efficiency was tried at different 

concentrations of the dye. In these experiments, 100 µl overnight culture of the selected isolate was inoculated 
into fifty milliliters of nutrient broth containing flasks. The flasks were incubated at 30 °C and 150 rpm for 18 hr 
to allow the bacterial isolate to enter the log phase. Different concentrations of MB dye (5, 10, 15, 20 and 25 
mg/L) were added to these flasks. The flasks were re-incubated at the same aforementioned conditions for 5 hr, 
where sample of one milliliter was withdrawn at interval of 30 min. The collected samples were centrifuged at 
10,000 rpm for 10 min and the optical density of the supernatants was measured against the control sample at 
655 nm.  The percentage of dye removal was calculated for each set of samples of definite initial dye 
concentration. 

  
10- Bacterial decolorization and  SPGMA sorption of MB dye: 

In an attempt to enhance the efficiency of MB reactive dye removal process with lower cost, bacterial mass 
/ ion exchange sorbent systems was tried. Certain weights of SPGMA were added to the bacterial mass (as 
previously prepared). Fifty milliliters of nutrient broth (pH 7.0±2) were sterilized and inoculated with 100 µl of 
18 hr overnight culture of the tested bacteria and incubated at 30 °C and 150 rpm for 18 hr. After the incubation 
period, SPGMA was added at concentration of 1% w/v to each flask. Then, reactive dye was added at different 
concentrations (5, 10, 15, 20 and 25 mg/L).  During re-incubation period (5 hr), the samples were taken out at 
intervals of 30 min. These samples were prepared to measure the optical density against control as mentioned 
before. The percentage of dye removal was calculated for each set of definite initial concentration of MB dye. 
 
Kinetics of adsorption: 

The pseudo first order model can be expressed in equation 3 and 4. However, the pseudo second order 
model can be expressed in equation 5 and 6 as follow; 

 

log��� − �
 = log���
 − ���

�.!"!
                (3) 

� = ���1 − 	����
             (4) 
�

#
=  $

�%#&% + $

#&
(              (5) 

� = �%#&
%�

$)�%#&�
               (6) 

Where, *$the pseudo first order rate constant, t is time, *� the pseudo second order rate constant. 
 
Thermodynamics of adsorption: 

Thermodynamic parameters which calculate MB adsorption are ∆,� (free energy change), ∆-�(change in 
entropy) and ∆.� (change in enthalpy).   
∆,� =  −�/ ln�*1
              (7) 

ln�*1
 =  ∆23

4
− ∆53

46
              (8) 

Where, *1 is distribution coefficient, T is temperature, and R is gas constant. 
 
Adsorption isotherms: 

The Freundlich and Langmuir isotherms were used to predict the mechanism of adsorption process. 
 

The Freundlich isotherm: 
The main assumption in Freundlich isotherm is that sorption process occurred in a heterogeneous layer 

which can be expressed in equation 9 and 10.  

log���
 = log7*89 + $

:
log���
               (9) 

�� = *8��

�
;                 (10) 

 

Where *8 is Freundlich constant and 
$

:
 is intensity of adsorption. 

 
The Langmuir isotherm: 

The main assumption in Langmuir isotherm is that fixed number of adsorption sites are available on the 
surface of solid which can be expressed in equation 11 and 12. 
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RESULTS AND DISCUSSION 

 
1- Characterization of PGMA and SPGMA:  
a- Infrared spectra: 

FT-IR spectrum of PGMA as shown in Figure 1 M exhibited absorption bands at 1725 and 1300–1100 cm−1 
that due to the stretching vibration of ester carbonyl groups, C-O-C. In addition to the characteristic bands of the 
epoxy ring that appeared at 1260 and 950–815 cm−1 [11]. However, in case of sulfonated form, absorption bands 
of the epoxy rings seem to be disappeared. Whereas, band with weak intensity which appeared at 760 cm−1 in 
PGMA spectrum shifted to 780 cm−1 in sulfonated form (Figure 1 SM). This may be referred to the minor 
fraction of epoxy rings that may be taken part in the formation of cross-linking structure during polymerization 
[17]. The characteristic absorption band of the sulfonic group groups appeared at 1050–1060 cm−1. Since epoxy 
groups of PGMA react with Na2SO3 to form PGMA-SO3Na, this reaction would also produce -OH groups. 
These spectra have verified the occurrence of the sulfonation process. 

 

 
 

Fig. 1: FT-IR spectra of PGMA (M) and SPGMA (SM). 
 

b- Thermo-grams of  PGMA and SPGMA: 
TGA thermo-grams of PGMA and its sulfonated form were represented in Figure 2. First drop in the TG 

curve of PGMA (Figure 2M) corresponds essentially to water loss which continued up to 240 °C. In the second 
drop, PGMA samples lose about 65% of the initial weight from 240 to 300 °C. On the other hand, the TG curve 
of SPGMA (Figure 2SM) exhibited loss of moisture mass in the first stage at slightly higher rate than that 
occurred in case of PGMA, where it ended in range of 260–280 °C. This increase in moisture mass loss can be 
related to increasing the moisture content in sulfonated form than that of non-modified polymer because of 
higher water holding capacity of sulfonated polymer. With rising the temperature, lower thermal degradation 
was observed for the sulfonated samples comparing with PGMA. Since, the latter loses about 75% of the initial 
weight at 300 °C, sulfonated samples lose only 7.5% of its weight at the same temperature. This result can be 
attributed to thermal degradation of epoxy ring in PGMA which is already opened in sulfonation process and 
consequently the mass drop due to its degradation relatively disappears. TG curves can also verify the 
occurrence of the sulfonation process. 
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Fig. 2: TGA thermos-grams of PGMA (M) and SPGMA (SM). 
 
c- Scanning Electron Micrographs  of PGMA and SPGMA: 

SEM examination at varying magnification power had been used to explore the morphological features of 
PGMA and its sulfonated form. SEM graphs of PGMA (Figure 3 (A, B and C)) exhibited that structure of such 
polymer appeared in form of irregular micro-beads aggregated together through inter-penetrating chains or 
cross-linking. However, the structural features of SPGMA displayed in Figure 3 (D, E and F) highly differed 
than that of non-modified polymers, where SPGMA appeared in form of relatively loose platelets with a dense 
waxy structure which can be attributed to opening the epoxy rings and formation of hydrogen bonds. These 
structural alterations can also confirm occurrence of the sulfonation process. 

 

 
Fig. 3: SEM Micrographs of PGMA (A, B and C) and SPGMA (D, E and F) at a magnification power of 500, 

5000 and 10,000×. 
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2- Isolation of MB dye decolorizing bacteria
In these biological studies, five bacterial isolates labeled as MB1, MB2, MB3, MB4 and S

colored zones around their colonies 
the bacterial isolates in decolorizing
containing MB at concentration of 10 
isolates as noticed from the record
period of three days ranged from 3 to 38%. The 
as shown in Figure 4. 

   

 
Fig. 4: The percentage of dye removal of

of incubation. 
 

3- Identification of the bacterial isolate using 16S rRNA sequencing
The molecular identification of bacterial isolates is efficiently supported by the 16S rRNA amplification 

and sequencing (Suganya et al., 2013). Our bacterial isolate was submitted to genomic DNA 
by PCR amplification of 16S rRNA gene using universal primers. The primers were able to amplify 1500 pb 
length of the specified gene as shown in 
data base where the bacterial isolate was
similarity. The bacterial isolate was re
with accession number KP892558.
tree were performed using MEGA 5 software as shown in 

  

Fig. 5: PCR amplification of 1500 pb of 16S rRNA using universal primers. M: 1kb DNA ladder; MB2: 
amplified 16S rRNA gene of isolate MB2.

0

5

10

15

20

25

30

35

40

%
 R

e
m

o
v

a
l

                                                                M.A. Abu-Saied et al, 2015
Environmental Biology, 9(24) November 2015, Pages: 466-481

 

decolorizing bacterial strains:   
ive bacterial isolates labeled as MB1, MB2, MB3, MB4 and S

zones around their colonies cultured on MB containing nutrient agar plates. To assure the 
ing MB dye in liquid phase, such five isolates were grown in nutrient broth 

MB at concentration of 10 mg/L. The percentage of dye removal was varied 
recorded optical densities, where the percentage of dye removal 

ranged from 3 to 38%. The highest dye removal percentage was observed

The percentage of dye removal of five bacterial isolates having ability to decolorize MB

bacterial isolate using 16S rRNA sequencing: 
The molecular identification of bacterial isolates is efficiently supported by the 16S rRNA amplification 

., 2013). Our bacterial isolate was submitted to genomic DNA 
by PCR amplification of 16S rRNA gene using universal primers. The primers were able to amplify 1500 pb 

gene as shown in Figure 5. The obtained gene sequence was compared with Gen
the bacterial isolate was highly similar to Bacillus thuringiensis with 98% 

The bacterial isolate was re-named as Bacillus thuringiensis MB2 TMN and submitted to Gen
with accession number KP892558. The multiple sequence alignment, molecular phylogeny and phylogenetic 
tree were performed using MEGA 5 software as shown in Figure 6. 

 
PCR amplification of 1500 pb of 16S rRNA using universal primers. M: 1kb DNA ladder; MB2: 
amplified 16S rRNA gene of isolate MB2. 

MB1 MB2 MB3 MB4

Bacterial Isolates

 

ive bacterial isolates labeled as MB1, MB2, MB3, MB4 and S1 exhibited non-
containing nutrient agar plates. To assure the efficiency of 

five isolates were grown in nutrient broth 
removal was varied for the five bacterial 

percentage of dye removal after incubation 
observed for MB2 isolate 

 

having ability to decolorize MB after three days 

The molecular identification of bacterial isolates is efficiently supported by the 16S rRNA amplification 
., 2013). Our bacterial isolate was submitted to genomic DNA extraction followed 

by PCR amplification of 16S rRNA gene using universal primers. The primers were able to amplify 1500 pb 
. The obtained gene sequence was compared with Gene Bank 

with 98% percentage of 
and submitted to Gene Bank 

he multiple sequence alignment, molecular phylogeny and phylogenetic 

PCR amplification of 1500 pb of 16S rRNA using universal primers. M: 1kb DNA ladder; MB2: 

S1
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Fig. 6: phylogenetic tree of 16S rRNA gene of Bacillus thuringiensis isolate with related strains. 
 
4- Dye removal using bacterial mass:  

The ability of the bacterial isolate having the highest efficiency in dye removal was tried to decolorize high 
concentrations of the dye. The results showed that such bacterial isolate was highly able to degrade or 
decolorize MB from liquid phase at initial concentrations ranged from 5 - 25 mg/L. Furthermore, this bacterial 
isolate (Bacillus thuringiensis, MB2) could decolorize the dye in the solutions of high concentrations more 
effectively than that of lower concentrations. MB2 isolate decolorize up to 95.8 % of MB at 25 mg/L whereas, it 
removes 87.9 % of MB at 5 mg/L throughout 4 and 1.5 hours, respectively (Figure 7). Despite of that the high 
concentrations of the tested dye can be more bactericidal than low concentrations; MB2 isolate can effectively 
decolorize MB dye at high concentrations than at lower ones. This can explain that the dead biomass has a 
higher efficiency in removing dye than the live corresponding ones. This could be deduced from that MB2 
isolate could instantly begin the dye removal i.e., at the zero time, where the zero time dye removal percentage 
was increased with increasing the initial concentration of the dye. These results were as follows; percentage of 
dye removal was 50, 52.4, 74.6 and 78.5 %. At initial dye concentration of 10, 15, 20 and 25 mg/L, respectively. 
Generally, the bacterial isolate can decolorize MB from its solutions having such high initial concentrations with 
percentage of removal ranged from 87.9 to 94.4 % within 1 to 3 hours according to the dye concentration. On 
the other hand, as shown from Figure 7, MB2 isolate exhibited the maximum percentage of dye removal for 
solution with concentration of 5 mg/L after half hour. It can be concluded from these findings that the bio-
sorption onto dead biomass is the dominant way for removal of MB dye at high concentrations as a result to 
bacterial cell killing at such concentrations of MB. While, the lower bactericidal effect of low concentration of 
MB dye on bacterial cells suggests that the living cells will be responsible for removing the dye in this case.  In 
addition, zero- time relative high percentage of dye removal at this low initial concentration indicated that the 
accumulation and enzymatic transformations can be mainly responsible for removing the dye in this case. 

 

 
Fig. 7: Removal percent of MB dye by MB2 bacterial isolate from aqueous dye solutions with initial 

concentration of 5, 10, 15, 20 and 25 mg/L. 
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5- Dye removal using SPGMA: 
Sorption of MB onto SPGMA at different initial concentrations ranged from (5-25 mg/L) with treatment 

time ranging from 5-90 min in order to determine the equilibrium time. The results of these experiments were 
shown in Figure 8. These findings showed that the dye uptake increased with time till reach a constant value. At 
this value, the amount of dye being bounded onto cationic exchange polymeric sorbent was in a dynamic 
equilibrium state with the amount of dye desorbed from the sorbent. The time required to attain this equilibrium 
state was termed the equilibrium time. The amount of dye bounded at the equilibrium time reflected the 
maximum dye sorption capacity of the ion exchange sorbent under certain conditions. Where, the equilibrium 
treatment time was 45 min to reach the maximum amount of sorbet dye from solutions with initial dye 
concentrations of 5-25 mg/L. However, the treatment time in these experiments extended to be 90 min to ensure 
equilibrium was attained. Noticeable rapid sorption occurring during the first twenty minutes may be due to the 
abundant availability of active sites on the sorbent surface, where this effect was attributed to the formation of a 
ionic complex between the imine groups of MB and the ionized sulphonyl groups of SPGMA. However, the 
gradual occupancy of these sites led to less sorption. Furthermore, increasing the initial MB concentration 
increased the percentage of dye removal. The maximum percentage was 94.8 % at initial dye concentration of 
20 mg/L after treatment time of 90 min. 

 

 
 
Fig. 8: Removal percent of MB dye by SPGMA from aqueous dye solutions with initial concentration of 5, 10, 

15, 20 and 25 mg/L. 
 
6- Dye removal using bacterial mass combined with SPGMA: 

In these trials, both of cationic exchange polymer sorbent and bacterial isolate mass was combined to 
remove and decolorize the tested dye. The findings of these experiments were depicted in Figure 9. It was 
indicated from these data that the percentage of dye removal from the liquid phase varied according to the initial 
dye concentration. At the lowest concentration (5 mg/L), SPGMA is more efficient in removing the reactive dye 
than its combined system with bacterial mass or the biomass alone. However, the bacterial mass recorded higher 
percentage of dye removal than its combined system with polymeric sorbent. Where, the polymer alone 
removed 90 % of the initial concentration of dye, while both of bacterial isolate and polymeric sorbent / 
bacterial mass removed 88 and 84 %, respectively. The recorded results for polymeric sorbent, bacterial mass 
and their combined system were slightly different at initial MB concentration of 10 mg/L, where the highest 
percentage of dye removal (92 %) was achieved using the bacterial isolate mass alone, while both of polymeric 
sorbent and polymer sorbent / bacterial isolate mass combined system exhibited dye removal percentage by 
91%. At the higher initial concentrations of dye; 15, 20 and 25 mg/L, the order of efficiency in removing MB 
dye was as follow; polymeric sorbent < bacterial isolate mass < polymeric sorbent / bacterial isolate mass 
combined system. The combined systems resulted 94.5, 96 and 96.3 % of MB dye removal at 15, 20 and 25 
mg/L respectively. The bacterial isolate mass exhibited dye removal percentage of 94.4, 95.7 and 95.8 %. 
However, the polymeric sorbent achieved percentage of dye removal of 93.7, 94.8 and 93.9 % at 15, 20 and 25 
mg/L respectively. From the aforementioned results, the polymeric sorbent is more efficient than bacterial mass 
or their combination systems at low initial MB concentrations. However, at high concentrations, the polymeric 
sorbent / bacterial isolate mass combination systems are little bit efficient than each of its components. 
Therefore, it was anticipated that use of bacterial isolate mass and polymeric sorbent for removal of the reactive 
dye can be more efficient and may be economically advantageous when achieved in successive stages than their 
use simultaneously because they can bind high amount of dye at a rate fast enough for use on an industrial scale. 
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Fig. 9: Removal percent of MB dye by bacterial mass of MB2 and SPGMA from aqueous dye solutions with 

initial concentration of 5, 10, 15, 20 and 25 mg/L. 
 
Modeling of sorption process: 

Figure 10 demonstrates nonlinear model of Freundlich isotherm, where MB dye concentration represented 
in x axis and absorbed dye in y axis. The treatment was taken place with using different initial dye concentration 
(4, 8, 12, 16 and 20 mg/L). The curves have the same trend of corresponding curves obtained by Albadarin and 
his coworkers (2014). 

  

 
 
Fig. 10: Non-linear Freundlich isotherm for the removal of MB dye. 

 
Figure 11 shows the relationship between MB dye concentration at equilibrium and equilibrium 

concentration divided with amount of absorbed dye using linear Langmuir 1 isotherm model for different initial 
dye concentration as obtained by Kumear and Tamilarasan (2013). 
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Fig. 11: Linear Langmuir 1 isotherm for the removal of MB dye. 

 
Figure 12 shows the relationship between MB dye equilibrium concentration and equilibrium absorbed dye 

using nonlinear Langmuir 1 isotherm model for different initial dye concentration. Increasing the dye 
concentration above 50% of �� the dye uptake didn’t affect due to saturation of adsorption sites. 

 

 
Fig. 12: Non-linear Langmuir 1 isotherm for the removal of MB dye. 

 
Temperature effect on sorption process as shown in Figure 13 indicates the relationship between the inverse 

of temperature and nature logarithm of intra-particle diffusion rate. From this figure, it is indicated that this 
process is endothermic. The saturation capacities and the sorption energies are clearly temperature dependent. 
The change in enthalpy is constant with temperature due to the linearity. 
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Fig. 13: Von't Hoff plot for the removal of MB dye. 

 
The relation between time in minutes and log��� − ��
 was shown in Figure 14 using pseudo-first order 

kinetic linear model for different initial dye concentration. As the time increases, the log  ��� − ��
 decreases. 
This means that ��approaches��. By decreasing the initial concentrations, the time is more effective (the slope 
increases). 

  

 
Fig. 14: Linear pseudo-first order. 

 
Non-linear pseudo-first order model shown in Figure 15 indicates the relation between time in minutes and 

absorbed MB dye for different initial dye concentration. As the time increases, the ��  increase due to the 
saturation conditions. As the initial concentrations decreases, the time is more effective. 
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Fig. 15: Non-linear pseudo-first order. 

 
Pseudo-second order 1 was modeled in Figure 16 which indicates the relationship between time in minutes 

and (/�� for different initial dye concentration. As the time increases, 
�

#?
 increase. This means that the adsorption 

process become slow due to saturation. 
  

 
Fig. 16: Linear pseudo second order first model. 

 
As shown in Figure 17, absorbed dye as a function of time was modeled with non-linear pseudo-second 

order 1 for different initial dye concentration. The equilibrium studies were performed at the selected interval of 
time ranging from 10 to 500 min. After 300 min the absorbed dye slightly increased. Therefore, the time has not 
to be increased than 300 min. 
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Fig. 17: Non-linear pseudo-second order first model. 

 
Figure 18 shows the relationship between the inverse of absorbed dye and time inverse for different initial 

dye concentration using pseudo-second order 2 models. It discovered that an interaction between the adsorbent 
and adsorbate molecule may be concluded by chemical forces of attraction. 

 

 
Fig. 18: Linear pseudo-second order second model. 
 
Conclusions: 

In this study, cationic exchange sorbent of SPGMA was prepared to remove MB basic dye. Findings of the 
sorption experiments indicated that such cationic sorbent they can bind high amount of dye at a rate fast enough 
for use on an industrial scale even when they are used to treat dye solution with low concentration. The highest 
percentage of dye removal achieved by SPGMA was 94.8% from the aqueous dye solution at concentration of 
20 mg/L after 90 min. On the other hand, the bacterial Bacillus thuringiensis MB2 TMN isolated from local soil 
samples was capable of decolorization of MB dye. The maximum decolorization achieved was 95.8% from 
aqueous solution at initial concentration of 25 mg/L after 4 hr. regarding the killing effect of MB at high 
concentration, the decolorization mechanism of MB may be proposed on the basis of bio-sorption of dye onto 
dead bacterial cells. Although the bacterial mass can efficiently decolorize MB even from the high concentration 
solutions, it requires a longer time of treatment. While utilization of combined system of cationic exchange 
sorbent (SPGMA) and isolated bacterial strain exhibited percentage of dye removal reach 96.3% from aqueous 
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solution at concentration of 25 mg/L. However, the sorption/bio-sorption processes occurring by such combined 
system reach equilibrium after 90 min. Generally, the sorption capacity was increased with increasing the dye 
concentrations. Moreover, the mechanism of MB dye sorption was numerically studied using two equilibrium 
isotherms linear and nonlinear models (Langmuir and Freundlich) to investigate effect of the initial dye 
concentration. Effect of diffusion coefficient variation as a function of temperature is obtained by Von’t Hoff 
model. The saturation capacities and the adsorption energies are clearly temperature dependent. The effect of 
contact time is studied by using (linear and nonlinear) pseudo-first and pseudo-second order. The obtained 
results from the above models were validated by experimental data to investigate the effects of temperature, 
initial dye concentration and treatment time. At beginning of dye sorption process, the amount of sorbet dye is 
high in short time. Then, dye sorption rate decreases due to the saturation conditions. The equilibrium studies 
were performed at the selected interval of time ranging from 10 to 500 min. After 300 min the sorption process 
was almost terminated.  

The isolate used in the present study can be a potential candidate for MB bioremediation because of its 
decolorization efficiency in addition to advantage of being environmental friendly and inexpensive. However, 
combination of this isolate with ionic exchange sorbent can be more efficient with less cost. To extend 
knowledge of Bacillus thuringiensis MB2 TMN decolorizing mechanism by investigating enzymatic property 
and decolorization metabolites analysis are required in further research. 
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