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THE OBJECTIVE of the present study was to compare between free and immbolized 
bacterial cultuer/s in bioremediation of heavy metals and dyes to reduce environmental 

pollutants with the help of biological entities. The bacterial consortium consisting of 
Sphingomonas paucimobilis, Rhizobium radiobacter, and Bacillus subtilis was developed due 
to capabilities of the three bacterial species to remove heavy metals from industrial waste water 
and decolorize methyl orange and Congo red textile azo dyes than their corresponding single 
cultures. The immobilization of bacterial consortium on Ca-alginate increased its heavy metals 
removal efficiency more than 10% compared to consortium of free cells after 4 days. Also, 
decolorization ability of immobilized consortium was conducted for shorter time and higher 
concentrations of dyes than that of free one. The greater efficiency of immobilized consortium 
than free single culture may be correlated to synergistic activity of different metabolites of 
bacterial cultures and protection of cells from toxic pollutants that provided by Ca-alginate 
matrices which promoting an efficient bio-treatment of industrial effluents containing dyes and 
heavy metals.
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Introduction                                                                      

Heavy metal pollution is one of the most important 
environmental problems nowadays, especially in 
relation to water contamination. Several industries, 
mining and smelting, as well as production of 
fuel, energy, fertilizers, metallurgy, electroplating, 
electrolysis, leather working and photography 
(Wang et al., 2009) produce waste and waste waters 
that are discharged in water courses threatening the 
ecosystems and ultimately human health. 

Bioremediation processes are considered 
superior to physicochemical methods, such as ion 
exchange, electrochemical treatment, precipitation, 
and heat evaporation, because of their lower cost 
and greater efficiency in treating systems in which 
metal concentrations are low (Gadd & White, 
1993). Bacteria, molds, yeasts, and seaweed have 
been used to remove metals from wastewater 
(Ahluwalia & Goyal, 2007).

Bacteria have a high surface area to volume 
ratio and can thus provide a large contact surface, 
which allows the interaction with metals in its 

surroundings and have been successfully used as 
biosorbents (Zouboulis et al., 2004 and Ziagova et 
al., 2007).

The use of native biomass (such as bacteria, 
yeast, fungi and algae) for degradation of toxic 
compounds in freely suspended state is limited 
owing to their inherent disadvantages such as small 
particle size, possible clogging and low mechanical 
strength of the biomass (Godjevargova et al., 2004).

Immobilization of whole cells for the 
degradation of different compounds in wastewater 
has several  advantages to provide stability; 
(1) High activity, yield  and good operational 
(2) Separating cell mass from bulk liquid for 
possible reuse  (Reischwitz et al., 1995), when 
immobilized microbial cells are used, the efficacy 
of biodegradation is often  improved. Calcium-
alginate (Ca-alginate) has been widely  employed 
for immobilization of enzymes or whole cells since 
it is less toxic than synthetic polymers, easily gelled 
under mild conditions and inexpensive (Wang et 
al., 2007).
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Although Bacillus biomass has been used for 
removal of heavy metal from aqueous solution, 
the researches on heavy metal removal by 
immobilized Bacillus biomass from the solutions 
were very limited (Xu et al., 2011).

The environmental problems associated with 
textile activities are caused mainly by the extensive 
use of dyes (Peralta-Zamora et al., 2003) and 
discharge resulted water without pretreatment. Azo 
dyes are mostly used in the textile industry due to 
their extensive variety of color shades and brilliant 
colors despite that they belonging to xenobiotic 
pollutants (Kunz et al., 2002 and Wang et al., 2009). 
Reduction of color from dye bearing wastewater is 
a complex problem because of difficulty in treating 
such waste waters by conventional treatment 
methods (Kumar et al., 2006).

The extensive discharge of textile dyes in 
industrial waste water effluent and the recalcitrant 
nature with carcinogenic or mutagenic properties 
of azo dyes give strong attention to exploring 
efficient and environmentally friendly approaches 
for waste water bio-remediation (Ali et al., 2014).

Decolorization of synthetic dyes using 
consortia offers advantages over the use of single 
microbial strains (Sudha et al., 2014) due to 
higher degrees of biodegradation resulted from 
synergistic metabolic activities of the microbial 
community (Khehra et al., 2003 and Ali, 2010). 

The present study aimed to promote an effective 
bioremediation tool of industrial effluents which 
containing heavy metals and textile azo dyes by 
using free or immobilized bacterial consortium.

Materials and Methods                                        

Sampling 
In the present study the industrial wastewater 

samples were collected from industrial region of 
EL-Mahalla EL-Kobra El-Gharbia Governorate, 
Egypt which contained high concentrations of 
heavy metals and could be varied according to 
time of collection. The sampling was conducted 
for 2 months during 2016.

 
Investigated bacteria 

Sphingomonas paucimobilis, Rhizobium radiobacter, 
Bacillus subtilis and Bacillus pumilus were kindly 
provided from Microbiology Section, Botany Department, 
Faculty of Science, Tanta University. They were previously 
isolated and identified from sewage waste water. 

Removal of heavy metals by free bacterial cells
The bacterial cells inoculum was prepared 

according to El-Gammal (2003) and the relative 
volume of inculum was 5% for pure or mixed 
cultures. All cultures were incubated in a shaker 
incubator (120 rpm) at 37 oC for 2 or 4 days. At 
the end of incubation period, cells were separated 
by centrifugation (5000 g) and wastewater 
supernatant was taken for further analysis and 
compared with the control (without bacteria).

Analytical methods
The heavy metals (Cd, Cr, Cu, Zn, and Pb) 

were measured in samples after digestion in 
concentrated HNO3 by ICP-OES model vista 
pro. All data represented means of three replica ± 
Stander Deviation (SD).

Azo dyes
Methyl orange (with wave length 461 nm; 

No. of azo bond Monoazo dye) and Congo red 
(with wave length 497 nm; No. of azo bond; 
Dioazo dye) dyes were used during the present 
study. The decolorization of dyes was detected 
through measurement of absorbance at mentioned 
wave lengths by Shimadzu UV-3101 PC 
Spectrophotometer. 

De-colorization (%) = [A – B] x 100 / A
 

where, A = initial absorbance; B = final absorbance 
of decolorized medium.

De-colorization of azo dyes
Bacteria were cultured in nutrient broth 

medium under agitation (rotary shaker, 120 rpm) 
at 37 ± 2°C overnight and the cells were collected 
by centrifugation at 5,000 g for 5 min. The 
cell pellets were washed twice with sterilized 
phosphate buffer and adjusted to an OD600 of 
1.0. Each culture was tested individually for its 
decolorization effect. Cells of individual species 
were inoculated separately onto flasks at 1% 
(v/v). Samples were collected at different time 
points (24 h, 36 h, 48 h, 60 h, 72 h,..) to determine 
the dye decolarization rate.

Development of bacterial consortium
The selection of bacteria for the consortium 

development was based on their abilities to remove 
heavy metals and decolorize the dyes efficiently 
(about 60%) and rapidly (within 3 days) according 
to Tony et al. (2009). Then, bacterial consortium  
was developed by mixing equal volumes of each 
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isolate. For decolorization of dyes, the cells 
were inoculated into flasks at 4% (v/v) level. All 
experiments were conducted in the same conditions 
consisting of a 500-ml flask containing 250 ml of 
nutrient broth medium (pH 7.5). Culture medium was 
supplemented with different concentrations (50, 100, 
150, 200, 250, 300, 350, 400 mg/L) of dyes to be 
tested (Cheriaa & Bakhrouf, 2009). Flasks were 
incubated at 37°C, in a rotary shaker (120 rpm).

Preparation of immobilized bacterial cells 
Immobilized consortium of bacterial cells 

of different pure cultures was prepared in equal 
ratios. The immobilization was carried out 
by bacterial cells inclusion into the alginate 
matrix, according to the method of Williams & 
Munnecke (1981). In this purpose, 12.1 - 14.4 g 
d.w. bacterial mixture was mixed with 100 mL 
of 5% aqueous solution of calcium alginate. The 
biocatalysts particles were obtained by dripping 
this suspension at constant pressure through a 
capillary into a solution of 0.2% CaCl2. Capillaries 
with three different diameters have been used and 
the obtained particles of immobilized cells had the 
following diameters: 3.0, 3.6 and 4.2 mm. In all 
cases, the volumetric fraction of the immobilized 
cells into the medium was 0.10 according to Popa 
& Asach (2012).  

Scanning electron microscopy 
Scanning electron microscope (SEM) was 

used to examine immobilization of bacterial 
mixture on calcium alginate (Hawser & Douglas, 
1994). Briefly, microbial biofilms (1 cm) were 
fixed with 2.5% glutaraldehyde in phosphate 
buffer for 2 h at room temperature. All samples 
were dried to critical point by polaron critical 

point drier, gold coated and viewed under SEM 
(Model JEOL, JSM-5200 LV) in SEM Unit, 
Faculty of Medicine, Tanta University.

Results                                                                      

Bioremediation of Heavy metals in Industrial 
waste water

The ability of different investigated bacteria to 
remove heavy metals from industrial waste water 
was investigated by cultivating Sphingomonas 
paucimobilis, Rhizobium radiobacter, Bacillus 
subtilis or Bacillus pumilus for 2 or 4 days at 
37oC. The results in Table 1 and Fig.1 revealed 
that the removal efficiency differed according to 
the types of heavy metals and bacterial cultures. 
All investigated individual bacterial cultures 
exhibited ability to remove heavy metals. S. 
paucimobilis was able to remove Cu, Fe, Pb, Cd 
and Cr from industrial wastewater by 60, 63, 54, 57 
and 53% respectively. While, removal efficiency 
of R. radiobacter was 49, 51, 45, 40 and 50%, 
respectively. B. subtilis was able to remove Cu, 
Fe, Pb, Cd and Cr from industrial waste water by 
51, 36, 41, 34 and 37%, respectively. Results also 
revealed that the heavy metals bioremediation 
ability of B. pumilus was the lowest among 
investigated bacteria.

It was also noticed that with increasing 
incubation time, heavy metals removal efficiency 
was increased as illustrated in Table 2 and Fig. 2.  
The removal efficiency of Cu, Fe, Pb, Cd and Cr 
from industrial wastewater was 65, 68, 61, 70 and 
72% by S. paucimobilis, 54, 59, 58, 62 and 65% 
by R. radiobacter, 57, 62, 58, 69 and 70%  by B. 
subtilis and 55, 60, 57,62 and 65% by B. pumilus, 
respectively, after 4 days of incubation.

TABLE 1. The capabilities of investigated bacteria to remove heavy metals from industrial wastewater 
after 2 days of incubation. 

Metal conc. Initial conc.
( mg /L)

Final concentration (mg/L)

Sphingomonas 
paucimobilis

Rhizobium 
radiobacter Bacillus subtilis Bacillus 

pumilus

Cu 0.127±0.002 0.051±0.000 0.065±0.000 0.062±0.000 0.077±0.000

Fe 3.285±0.005 1.211±0.004 1.615±0.002 2.11±0.006 2.00±0.002

Pb 0.253±0.003 0.116±0.001 0.139±0.003 0.150±0.001 0.167±0.001

Cd 0.296±0.002 0.126±0.002 0.177±0.001 0.194±0.001 0.204±0.001

Cr 0.117±0.001 0.055±0.000 0.058±0.000 0.074±0.000 0.078±0.000
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Fig. 1. The removal efficiency of heavy metals by individual bacterial species after 2 days of incubation.

TABLE 2. The capabilities of investigated bacteria to remove heavy metals from industrial 
wastewater after 4 days of incubation.

Metal 
conc.

Initial conc.
 ( mg/ L)

Final concentration (mg/L)
Sphingomonas 
paucimobilis

Rhizobium 
radiobacter

Bacillus 
subtilis

Bacillus 
pumilus

Cu 0.325±0.002 0.113±0.001 0.149±0.001 0.140±0.001 0.147±0.001
Fe 3.176±0.006 1.012±0.004 1.291±0.003 1.201±0.004 1.28±0.005
Pb 0.293±0.001 0.114±0.001 0.123±0.001 0.122±0.001 0.126±0.001
Cd 0.327±0.002 0.098±0.001 0.123±0.001 0.101±0.001 0.125±0.000
Cr 0.158±0.001 0.044±0.000 0.055±0.000 0.047±0.000 0.056±0.000

Fig. 2. The removal efficiency of heavy metals by individual bacterial species after 4 days of incubation

From the obtained results S. paucimobilis, R. 
radiobacter, and B. subtilis were chosen to be 
used in consortium to remove heavy metals.

Bioremediation of heavy metals by free or 
immobilized consortium of bacteria in industrial 
wastewater 

The heavy metals removal efficiencies of 
free and immobilized bacterial consortium 

(S.paucimobilis, R. radiobacter and B. subtilis) 
from wastewater after 2 and 4 days was shown 
in Tables 3 and 4 and Fig. 3 and 4. The results 
revealed that the removal efficiency of heavy 
metals either by free or immobilized bacterial 
consortium was better than single bacterial 
culture. 
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TABLE 3. The capabilities of free and immobilized bacterial consortium to removal heavy metals 
from industrial wastewater after 2 days of incubation. 

Metal conc. Initial conc.
( mg/ L)

Final concentration (mg/L)

consortium of Free 
bacterial cells

Immobilized bacterial 
consortium

Cu 0.115±0.001 0.036±0.000 0.022±0.000

Fe 3.327±0.007 0.841±0.002 0.430±0.002

Pb 0.241±0.001 0.098±0.000 0.073±0.001

Cd 0.350±0.002 0.117±0.001 0.069±0.000

Cr 0.121±0.0011 0.051±0.000 0.025±0.000

Fig. 3. The removal efficiency of heavy metals by free and immobilized bacterial consortium after 2 days of 
incubation.

TABLE 4. The capabilities of free and immobilized bacterial consortium to removal heavy metals from 
industrial wastewater after 4 days of incubation. 

Metal conc. Initial conc.
( mg/ L)

Final concentration (mg/L)

Consortium of free bacterial 
cells

Immobilized bacterial 
consortium

Cu 0.64±0.002 0.15±0.001 0.03±0.000

Fe 3.389±0.006 0.675±0.002 0.121±0.001

Pb 0.314±0.002 0.076±0.000 0.006±0.000

Cd 0.285±0.001 0.045±0.000 0.013±0.000

Cr 0.174±0.001 0.038±0.000 0.005±0.000
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TABLE 5. Decolorization (%) of dyes by single bacterial culture after 2 and 4 days of incubation.

Dyes Dye 
Concentration

( mg/ L)
Days

Bacteria isolates

S. paucimobilis R.radiobacter B. subtilus

Methyl 
orange

50 2 89 % 78 % 75 %

100 4 84 % 73 % 71 %

Congo 
red

50 2 76 % 63 % 54 %

100 4 69 % 58 % 50 %

Fig. 4. The removal efficiency of heavy metals by free and immobilized bacterial consortium after 4 days of incubation.

The immobilized bacterial consortium gave 
higher removal efficiency of heavy metals after 4 
days of incubation (95, 97, 98, 96 and 97% for 
Cu, Fe, Pb, Cd and Cr, respectively) than free 
consortium. 

Bioremediation of azo dyes by single bacterial 
culture

In the case of two investigated azo dyes 
(methyl orange and Congo red), the test was 
conducted for 10 days. S. paucimobilis, R. 
radiobacter or B. subtilus started to degrade the 
dye at 50 mg/L after 2 days. While,  B. pumilus 
failed to decolorize the 2 investigated dyes. 

With increasing the concentrations of the dyes 
(100,200, 300, 400 - 600 mg/L) the ability of the 
bacteria to degrade the dye was decreased and 
required more days (3, 4, 5 – 10 day).

The three selected species of bacteria were 
able to decolorize dyes as illustrated in Table 5.  
Bacteria started to degrade the dye at 50 mg/L 
after 2 days with 89-73% and at 100 mg /L after 
4 days with 84- 71 % decolorization rate. With 
increasing the concentrations of the dyes, the 
decolorization was conducted for more days and 
the decolorization rate was decreased.
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Bioremediation of azo dyes by free or immobilized 
bacterial consortium

 Bacterial consortium was based on the three 
bacterial species (S. paucimobilis, R. radiobacter 
and B. subtilus) was developed by mixing equal 
volumes of each individual one.

Bacterial consortium started to decolorize 
the dyes at 100 mg/L after 36 h with 91% 
decolorization rate for methyl orange and 88% for 
Congo red. While, the immobilized consortium 
began to decolorize the dyes after 24 h at 100 mg/L 
at 37°C and pH 7.0 with 95 % decolorization rate, 

for methyl orange and 90% for Congo red. The 
decolorization ability was conducted for several 
days and decolorizes the dyes till 600 mg/L after 
4 days with 90% for methyl orange and 84% for 
Congo red. 

Scanning Electron Microscopy 
The scanning electronic micrographs of 

bacterial consortium as shown in Fig. 5 revealed 
that bacterial cells were successively impeded on 
Ca- alginate matrix and become immobilized.

Fig. 5. Scanning electron microscope of immobilized Ca- alginate blank (A) and, Rhizobium radiobacter 
and Sphingomonas paucimobilis cells immobilized on Ca- alginate (B) at magnifiers power (10.000X) 
and (5.000X ) respectively.

Discussion                                                                  

The results in the present study indicated that 
immobilized bacterial consritum of the three 
bacterial species (S. paucimobilis, R. radiobacter 
and B. subtilis) had the ability to remove heavy 
metal ions from industrial waste water and 
decolorize two azo dyes more efficient than free 
bacterial cells of single culture or consortium.  
This could be attributed to matrices nature (Ca-
alginate)  which acts as cell protector against toxic 
pollutants in waste water by reducing the number 
of attack sites and by decreasing the flow rate 
toward the entrapped cells so the bioremediation 
capacity using immobilized consortium was stable 
than using free one. Also, synergistic metabolic 
activities of the different microbial communities 
in consortium enhanced bioremediation capacity 
than individual cultures as adopted by Khehra et al. 
(2005) and Ali (2010).

In the same context, Cui et al. (2013) used 
immobilized microorganisms to remove Pb(II) 
and COD efficiently by 92.0% and 85.0%, 

respectively. Also, Akhtar et al. (2004) used Loofa 
sponge biomass in order to immobilize cells of 
Chlorella sorokiniana, to remove nickel (II) from 
aqueous solutions efficiently and the immobilized 
system accumulate 25% of nickel more than free 
cells after 20 min exposition. While, Safonova et 
al. (2004) found that the amounts of pollutants 
were significantly removed using a mixed-
immobilization of selected consortium of several 
microalgal species (Chlorella sp., Scenedesmus 
obliquus, Stichococcus sp.) and several bacteria 
(Rhodococcus sp., Kibdelosporangium aridum) 
inside a highly contaminated pond and the removal 
efficiencies was 62% copper, 62% nickel, 90% 
zinc, 70% manganese, and 64 % iron. 

There were several reports on the use of 
immobilized technique in the removal of various 
toxicants including heavy metals from polluted 
waste water (de-Bashan & Bashan, 2010 and Gao 
et al., 2011).

In the present study, decolorization potency 
of consortium was more efficient than individual 
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bacterial cultures. In the same connection, 
Mahmood et al. (2015) found that, the consortium 
of 6 bacterial isolates was able to decolorize 84%, 
84%, 85%, 85%, and 82% of 200 ppm of red, 
green, black, yellow, and mixed dyes within 24 h 
while individual strain required 72 h. 

The efficacy of R. radiobacter, S. paucimobilis 
and B. subtilis in decolorization of azo dyes (Cheriaa 
et al., 2012 and Ali et al., 2014) and removal of 
heavy metals (Xie et al., 2010; Gayathramma et al., 
2013 and Wang et al., 2013) have been previously 
reported.

In the present investigation, it was observed 
that the metals removal efficiency depended on the 
type of bacteria being used. This observation was 
in agreement with Hamdy (2000) who found that 
the different metals uptake depended upon the type 
of bio-sorbent, which had different accumulation 
affinities towards the tested elements. 

Scanning electron microscope (SEM) was 
applied in this study to show the immobilization 
of investigated microbial cells on Ca-alginate 
matrix, the heavy aggregations of cells on Ca-
alginate revealed their affinity to be immobilized 
on Ca-alginate and reduced the number of attack 
sites. These results agree with Piccirillo et al. 
(2013) who found that bacterial strains were 
successfully immobilized without any pre-
treatment of the hydroxyapatite (HAp) surface, 
even if some differences could be seen between 
bacterial strains. 
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كفاءة المعالجة البيولوجية للمعادن  الثقيله وأصباغ اآلزو بواسطه نوع واحد اوأتحاد من 
األنواع البكتيريه إما فى صوره حره أو مثبته :دراسه مقارنه

نانيس جمال عالم
قسم النبات - شعبه الميكروبيولوجى - كليه العلوم - جامعه طنطا - طنطا - مصر.

الملوثات  من  للحد  االزو  وأصباغ  الثقيلة  للمعادن  الحيويه  المعالجه  بين  المقارنه  إلى  الحاليه  الدراسه  هدفت 
البيئية بيولوجيا باستخدام البكتريا المثبته او الحره .وتم تكوين أتحاد من ثالث انواع بكتيريه وهى سفينجومونس 
بيوسيموبيلس, رايزوبيوم راديوبكتر و باسيلس ستلس  نظرا لقدرتهاعلى ازاله المعادن الثقيله من مياه الصرف 
أعلى  بكفائه  النسيج  فى صباغه  المستخدمه  االحمر  والكنغو  البرتقالى  الميثيل  الون صبغتى  ازاله  و  الصناعى 
من نظيرتها من االوساط البكتيريه المنفرده. وعند تتبيت االتحاد البكتيرى على جزيئات ألجينات الكالسيوم زاد 
من كفائته بنسبه عشره بالمائه عن نظيره الحر فى ازاله المعادن الثقيله. وايضا زاد من كفائته فى ازاله الوان 
الصبغات حيث استمر التفاعل لوقت اقصر وأزال لون تركيزات أعلى من الصبغات. وأظهرت الدراسه أن الكفائه 
العاليه لالتحاد البكتيرى المثبت ربما تعود إلى النشاط التآزرى للنواتج اإليضيه من األوساط البكتيريه المختلفه 
وايضا للحمايه التى توفرها جزيئات ألجينات الكالسيوم ضد الملوثات السامه مما يوفر معالجه بيولوجيه ذات كفائه 

عاليه للصرف الصناعى المحمل بالصبغات والعناصر الثقيله.


