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Abstract 
Two bacterial strains capable to remove chromium (Cr VI) ions from tanneries effluent were 

isolated from contaminated soil in the present work and identified as Pseudomonas fluorescens SC106 and 
Bacillus subtilis SC106. The isolates are capable to remedy Cr (VI) as mono cultures and in consortia and 
their efficiencies were compared. Agarose gel analysis revealed that the resistance gene is a chromosomal 
gene in Pseudomonas fluorescens SC106 and a plasmid-borne gene in Bacillus subtilis SC106 (about 24 
kb). The isolates were examined for their tolerance to hexavalent chromium and their ability to reduce Cr 
(VI) to Cr (III).Utilization of Cr (VI) reducing microbial consortium has enhanced the efficiency of the 
process of detoxification of Cr (VI) to Cr (III). The results indicate that the microbial consortia and the 
mono cultures of the above isolates can be useful for Cr (VI) detoxification of chromium contaminated 
environment. Before remediation, the chromium content of the effluent was 570 mgL-1, after which, it 
reduced to 2.8 – 6.3 mgL-1. The superlative removal activity was observed by immobilized beads consortia 
of P. fluorescens SC106 and B. subtilis SC106 (99.63%).  
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1. Introduction 

Heavy metals are ubiquitous and persistent environmental pollutants that are introduced into 
the environment through anthropogenic activities. The current pattern of industrial activity in 
Egypt allows the natural flow of materials and introduces novel toxic chemicals into the 
environment (1). Heavy metals include cadmium, lead, chromium, copper and nickel, which 
contaminate the soils, ground water, sediments and surface waters are extremely toxic to 
biological and ecological systems (2). The heavy metals are released due to the discharge of 
effluent into the environment of Egypt by a large number of processes such as electroplating, 
leather tanning, wood preservation, pulp processing, steel manufacturing, etc., and the 
concentration levels of these heavy metals varies widely in the environment (3). Chromium (Cr) 
is a transition metal contaminant that exists in nature primarily as the soluble highly toxic Cr 
(VI) anion and the less soluble, less toxic Cr (III) species (4). Chromium compounds have 
widespread industrial uses in steel production, wood preservation, leather tanning, metal 
corrosion inhibition, paints and pigments, metal plating, and other applications (5). 
Consequently, Cr is a contaminant in certain waters, soils, and sediments, occurring primarily in 
the trivalent or hexavalent form. Although Cr is considered an essential trace element in animals 
and humans, elevated levels of Cr are toxic, and Cr (VI) compounds are mutagenic and 
carcinogenic in animals and mutagenic in bacteria (6). A Cr (VI) - resistant strain of 
Enterobacter cloacae reduced Cr (VI) to Cr (III) under anaerobic growth conditions, which was 
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attributed to use of chromate as an electron acceptor by the organism (7). Cells grown 
aerobically were also Cr (VI) resistant but did not reduce Cr (VI). In Pseudomonas fluorescens, 
reduction of Cr (VI) appears to be unrelated to resistance (8). In addition, Cr is reduced by the 
metabolic products, such as hydrogen sulfide, of certain bacteria (9). Ascorbic acid and thiols 
(e.g., glutathione, cysteine, coenzyme M) also reduce Cr (VI) to Cr (III) at significant rates under 
physiological conditions (10). Cr-resistant bacteria have been isolated from Cr-contaminated 
sediments (11), and plasmid-coded resistance to Cr (VI) has been reported in Pseudomonas 
aeruginosa (12) and Alcaligenes eutrophus (13). The mechanism of Cr resistance in the latter 
strain involves reduced Cr (VI) uptake (13). Tanneries are a major source of chromium pollution 
and release Cr (VI) ranging from 40 – 25,000 mgL-1 of wastewater (14). The maximum tolerance 
of total Cr - as Cr (VI) - for public water supply has been fixed at 0.05 mgL-1 per WHO 
standards. The United States environmental protection agency (USEPA) has formulated the 
maximum permissible levels of Cr (VI) into water bodies at 50 μgdm-3 and in drinking water as 3 
μgdm-3 and that of Cr (III) as 100 μgdm-3 (15). The toxicity of Cr in various industrial effluents 
is well documented. Hexavalent Cr compounds pose health risks to humans, plants, animals and 
fishes (16).  At high levels, heavy metals like chromium damage cell membranes, alter enzyme 
specificity; disrupt cellular functions and damage structure of DNA (17). Oxidative damage is 
considered to be an important mechanism in the genotoxicity of Cr (VI). Hence, the need arises 
to remediate chromium before being discharged (18). Biological approaches utilizing 
microorganisms offer the potential for a highly selective removal of toxic metals coupled with 
considerable operational flexibility, hence they can be both in situ or ex situ in a range of 
bioreactor configurations (19). Biological approaches may reduce Cr (VI) to Cr (III) 
intracellularly or by making the extra cellular environment more reducing, or lowering pH to 
favor Cr (VI) reduction. Immobilized cells as biofilms, beads or inert supports have been found 
to be most effective in designing bioreactors for heavy metal degradation (20). Chromium 
remediation studies have been carried out with a variety of organisms like Pseudomonas species, 
Aeromonas species, Bacillus species, Micrococcus species and Microbacterium species, while 
Pseudomonas species were the most efficient (21). Hence, the present study exploited the 
properties of novel isolates of Bacillus subtilis and Pseudomonas species individually or in 
consortia in the bioremediation of chromium in the industrial effluent drain. 

 
2. Materials and Methods 

2.1. Soil samples and isolation of the bacteria used 
Twelve soil samples were collected from the tannery industrial area at Misr Al-kadima 

(Al-Gayarah suburb) south Cairo, Egypt. Soil samples were collected from distributed sites, 
beside the field area, where massive drain pipes are collected from the industrial plants of 
tanneries. Water samples were collected from the main drain for a mixture of both domestic 
sewage and tanneries effluents. Water samples were aseptically collected in plastic bags and 
transported to the laboratory on ice.  Soils samples were aseptically divided into portions and 
sieved (3-mm mesh). Samples from each soil portion were heated (75°C, 10 min) and 
cultivated on a modified trypton LB medium (TLB) (22). Other soil portions were cultivated 
on a modified King` B media (23). Chemical analysis of Cr derivatives in both water and soil 
samples were conducted at Micro Analytical center, Cairo Univ. Egypt, using the flame 
atomic absorption spectrometry (FAAS) (24).  

2.2. Bacterial identification 
Bacterial isolates were routinely cultivated on same used media for isolation and 

identification tests. To select the Gram-positive spore forming rods, strains producing 
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colonies on TLB agar after heating of the soil inoculums were considered to have spores, 
while those experimentally succeeded to produce fluorescence pigment on King`s media were 
assigned to be a strain from pseudomonades. . Following morphological and biochemical 
schemes derived from Bergey's manual of systematic bacteriology; (25), bacterial isolates 
were defined morphologically and biochemically. The isolates were assigned to be Bacillus 
subtilis SC106 and Pseudomonas fluorescens SC106 strains respectively.  

2.3. Estimation of Chromium ions in the tanneries effluents samples 
The collected tannery effluents samples from leather tanneries drain were stored at 4oC to 

arrest any biological activity. The color and pH of the effluent was recorded. The Chrome water 
obtained from tanneries was filtered using Whatman No.1 filter paper and the pH was adjusted 
to < 2 using concentrated HNO3. The collected tannery effluent was analyzed for total 
chromium and hexavalent chromium using FAAS. Estimation of hexavalent Chromium (26) 
included the oxidation of trivalent chromium, color development by adding diphenyl carbazide 
and measurement of optical density at 540 nm using reagent water as reference; the value was 
plotted against the standard graph to determine the concentration of Cr (VI) in the effluent.  

2.4. Optimization of bacterial isolates for chromium removal 
For optimization process, the bacterial isolates were inoculated into a series of test tubes 

containing 5 ml of nutrient broth. The pH was varied from 5.1 to 9.2 for the medium amended 
with Cr. The biomass concentration was varied from 1.3 to 5.7% in the medium. Bacterial 
broth media were spiked with various amounts of an aqueous solution of K2Cr2O7 (at neutral 
pH, dichromate ions are converted to chromate ions). The tubes were mixed briefly and 
immediately poured onto Petri dishes. Colonies were counted after 2 and 4 days of incubation 
at 28°C. Grown colonies were maintained on their isolation media amended with 500, µg of 
Cr per ml (10 mM) as K2Cr2O7. 

2.5. Chromium adsorption by the immobilized bacterial cells 
Immobilization of microbial cells (20) involves the mixing of equal volume of overnight 

microbial broth culture and 4% sterile sodium alginate. This mixture was dropped gently in 
0.1 M calcium chloride solution using a sterile syringe to get even sized beads. The 
immobilized bacterial cells were prepared as beads (27) and were maintained in the conical 
flask containing 50 ml of samples for incubation, after which the samples were withdrawn for 
heavy metal analysis by using FAAS. 

2.6. Evaluation of chromium resistance for bacterial strains 
Minimal inhibitory concentration (MIC) for hexa- and trivalent chromium were recorded 

on agar plates of tris minimal agar medium using agar dilution methods and were confirmed 
in broth medium, for broth medium a 5 ml of tris minimal medium containing different 
concentrations of CrCl3.6H2O (0-300 ppm) and K2CrO4 (0 - 25 ppm) inoculated with 200 μl 
of an 18 h old culture of the studied Bacillus subtilis SC106 and Pseudomonas fluorescens 
SC106 isolates at 37°C and 30°C respectively for 2 days. The lowest concentration of heavy 
metals that completely preventing growth known as MIC (28). 

2.7. Antibiotic resistance test 
The disc diffusion method was used to determine antibiotic sensitivity of the isolates. 

Kanamycin, streptomycin, ampicillin, tetracycline and chloramphenicol were the five 
antibiotics used and placed at equidistance. Zone of inhibition were measured and classified 
as resistance or sensitive (29). 

2.8. Curing of plasmids  
Growing bacterial isolates of Bacillus subtilis SC106 and Pseudomonas fluorescens 

SC106 on LB broth were treated with acridine dye (30) and their DNAs were extracted and 
analyzed on agarose gel (31) before and after treatment. Treated cultures were also recultured 
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on free M56 plates (32), and supplemented plates with Cr (VI) disks to investigate their 
capability to grow on chromium ions after acridine treatment.  

2.9.  Bioremediation 
The pH of the effluent was altered to 7.0 with NaOH and then distributed in 250 ml 

conical flasks (100 ml in each). 1% sucrose was added and 1% of overnight grown culture 
was initiated in each conical flask. The organisms were used as single, in combination and in 
immobilized forms. The flasks were kept on rotary shaker at 180 rpm for Bacillus subtilis 
SC106 and Pseudomonas fluorescens SC106 were maintained at 37°C and 30°C respectively, 
for a period of 10 days. Chromium was estimated at an interval of 12 h to calculate the 
chromium depletion from the effluent by the different test organisms. 

2.10. Statistical analysis 
The obtained data were subjected to analysis of variance (ANOVA).  The least significant 

differences were used to compare means of treatments at probability 5% (33). 
 

3. Results and Discussion 
The collected tannery effluent containing chromium was dark green in color. The chrome 

water was filtered and pre-treated to adjust the pH to < 2. When subjected to FAAS, total 
chromium was estimated to be about 570 mgL-1; 5698 ppm (Table 1). The chromium content 
obtained by laboratory estimation amounted to 560 mgL-1, which is similar to the result 
obtained by FAAS. As set by the National Pollutant Dischargeable Elimination System 
(NPDES), the allowed dischargeable limit for hexavalent chromium is only 11ppb.  

 

Table1. Characteristics of the tanneries industrial effluent used in the study. 
 

Parameter Value 
pH 7.84 
Electric conductivity (ms) 244 
Total dissolved solids (mgL-1) 152.3a (±0.84)b 
Organic carbon (%) 3.5 a (±0.59)b 
Organic matter               (%) 6.13 a (±0.74)b 

 

Temperature, pH, biomass, heavy metal concentrations are the factors which affects the 
biosorption process. Particularly, pH (34), biomass concentration (35) and heavy metal 
concentration (36) on biosorption experiments were investigated by optimization process. 
Hence, it was essential to evolve a method to remedy chromium. All the organisms, consortia 
and immobilized cells were found to be effective in remedying chromium (Table 2).  

 

Table 2. Chromium remediation by individual cells, consortia and immobilized 
Cells of    Bacillus subtilis SC106 and Pseudomonas fluorescens SC106. 

 

 
There was a considerable and gradual reduction in the absorbance values and Cr 

concentration every hour. The concentration of total chromium in the effluent was reduced, 

Group Test organism 
Initial Cr. 

conc.  mgL-1 
Cr conc. after 

remediation mgL-1 
Efficiency 

(%) 

Individual Cells 
B. subtilis(B) 570 5.4 99.05 

P. fluorescens(P) 570 6.3 98.89 
Consortia B +P 570 2.8 99.5 

Immobilized cells 
B. subtilis 570 3.9 99.31 

P. fluorescens 570 4.6 99.19 
B +P 570 2.1 99.63 
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(Fig.1a & Fig.1b), to 5.4 mgL-1 from 570 mgL-1 after 192 h of treatment with Bacillus subtilis 
SC106 which was moderate efficiency and degraded 1.264 mgL-1 chromium every one hour 
and showed 99.05% efficiency but the reduction in chromium levels was not constant and 
fluctuations were observed as the co-efficient of variation was as high as 176.94. 
Pseudomonas fluorescens SC106 removed Cr (VI) with 98.89% efficiency. The rate of 
reduction every hour was 1.926 mgL-1 but it was not constant and showed fluctuations       
(co-efficient of variation was 180.70). The isolated organisms were found to be metal tolerant 
and might remedy Cr (VI) by biosorption, bioaccumulation (37, 38), or by transformation of 
heavy metals, entrapment in extracellular capsules, protein DNA adduct formation, induction 
of stress, transformation of components by oxidation, reduction, methylation and 
demethylations and by binding cytosolic molecules (39, 40).  

 

 
 

 
 

In antibiotic resistance test, metal resistance capacities of the microbes are mainly 
associated with antibiotic resistance (41). Both bacterial isolates; Bacillus subtilis SC106 and 
Pseudomonas fluorescens SC106, were resistant to the antibiotics like tetracycline, 
kanamycin, chloramphenicol and ampicillin but were sensitive to streptomycin (Table 3). 
Earlier literatures reveal that there is an interrelationship between the antibiotic and heavy 
metal resistance capacities of all the microbes (41). Metal tolerance and antibiotic resistance 
are often closely associated that are found in many clinical isolates (42). Bacillus subtilis 
SC106 reduced chromium VI under aerobic conditions. This may be due to the presence of 
chromium reductase. Similarly chromium VI reduction has also been reported by B. 
coagulans (20).  Accumulation of chromium VI by B. circulans has also been demonstrated 
(16). Alkali treatment of B. subtilis resulted in an increase in silver and copper accumulating 
capacity (43), which is similar to the results obtained. Removal of chromium by 
Pseudomonas fluorescens SC106 might be due to the presence of chromium reductase gene 
(44). Accumulation of other heavy metals like uranium in its cells might also match with its 
tendency to remediate chromium (45). However, biosorption mainly involve cell specific 
complexity, ion exchange and micro precipitation using Pseudomonas species (46). 

 
Table3. Antibiotic susceptibility of isolated Cr - resistant bacteria 

 

Antibiotics             Disc  potency (mcg) Antibiotic susceptibility pattern 
B. subtilis P. fluorescens 

Ampicillin 10  R* R 
Chloramphenicol 10  R R 

Kanamycin 5  R R 
Streptomycin 10  S* S 
Tetracycline 10  R R 

              *R- Resistant strain, S- Sensitive strain. 

Figure 1a. Kinetics of Cellular Growth and 
Cr(VI) removal by B. subtilis SC106. 

Figure 1b. Kinetics of Cellular Growth and 
Cr(VI) removal by P. fluorescens SC106. 
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Figure 2. Plasmid DNA profile of Bacillus subtilis SC106. 
Lane 1 (left) = B. subtilis SC106 uncut plasmid (20µl) 

Lane 2(middle) = B. subtilis SC106 uncut plasmid (10µl) 
Lane 3 (right) = λ Hind III digest molecular weight marker. 

Immobilized cells have been reported to be very effective in heavy metal removal. Heavy 
metal toxicity and other extreme properties of waste effluents that may limit the use of living 
cell systems. Freely suspended microbial biomass has disadvantages that include small 
particle size and low mechanical strength (47). Immobilized cells appear to be of greater 
potential in controlling particle size, better capability of regeneration, easy separation of 
biomass and effluent and re-circulation, high biomass loading, minimal clogging and reduced 
depletion of nutrient source (43). It has also been reported that immobilized cells have found 
to be most effective in designing small and large-scale bioreactors for heavy metal 
degradation (20). However, the study establishes the role and efficiencies of Bacillus subtilis 
SC106 and Pseudomonas fluorescens SC106 in the absorption, accumulation, degradation 
and detoxification of chromium in tannery effluents. The benefits of immobilized cells 
compared to whole cells have also been highlighted. Results of the present study revealed that 
the capability of Bacillus subtilis SC106 strain to resist Cr (VI) presence is assigned to the 
presence a plasmid which was cured with acridine orange dye (Fig.2). However, the gene of 
resistance for Cr (VI) in Pseudomonas fluorescens SC106 is a chromosomal gene.  

 
4. Conclusion 

Bioremediation, using bacteria or plants, is often regarded as a relatively inexpensive and 
efficient way of cleaning up wastes, sediments, or soils contaminated with toxic heavy metals. 
The results of this study revealed that all the immobilized consortia of isolates have a greater 
potential application for the removal of Cr (VI) from tanneries industrial wastewater than the 
consortia or bacterial cells. Further research will be scoped to study the desorption process for 
the management of heavy metal fraught biomass as an environmental friendly method of 
disposal. This study is the basis for implementation of advanced technologies like exo-
polymer and bioreactor technology for rapid and effective removal of chromium from 
polluted water bodies. In situ bioremediation with biostimulation and bioaugumentation may 
prove to be highly efficient in chromium remediation. Further work would be conducted to 
evaluate the plasmid responsible for Cr (VI) resistance in Bacillus subtilis SC106 and 
transform the plasmid to a receptor strain of Agrobacterium sp. to facilitate the remediation of 
Cr (VI) ions on a large scale in the polluted cultivated soil and rhizosphere. 
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