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Abstract: Biosorption is the ability of biological materials to accumulate heavy metals from wastewater through
metabolically mediated or physico-chemical pathways. Here, Heavy metals are considered to be the common
contaminant of ecosystem due to their toxicity and it is necessary to remove those metals from environment.
Among various metals, lead was considered to be common contaminant which causes severe toxicity. Hence
this toxic metal was biosorbed using a microorganism such as Pseudomonas sp., this is done by performing
various effective tests. Dithizone is an effective method used to remove lead from any contaminated medium.
Minimum Inhibitory Concentration (MIC) of the organism was identified by varying the concentration of the
metal. The percentage removal of metal by Pseudomonas sp. was known by calculating the specific temperature,
time, dosage and pH in which the organism had the ability to remove maximum metal from the solution. Finally
lead was biosorbed by Pseudomonas sp., from contaminated water.

Key words: Heavy Metal  Lead Pseudomonas sp. Biosorption  Dithizone Method

INTRODUCTION concern us because of occupational or residential

Heavy metal pollution of soil and wastewater is a wastewaters is essential due to their extreme toxicity
significant environmental problem [1]. Appropriate towards aquatic life and humans. So far, a number of
conventional and natural medical procedures may need to studies of metal removal from solution have been
be pursued [2]. If unrecognized or inappropriately treated, launched because of the ecological effects of toxic metals
toxicity can result in significant illness and reduced released into the environment [4, 5]. Some types of
quality of life [3]. Children may develop toxic levels from biosorbents could be broad range, binding and collecting
normal hand-to-mouth activity (i.e., coming in contact the majority of heavy metals with no specific priority,
with contaminated soil or eating objects that are not food while others can even be specific for certain types of
such as dirt or paint chips) [2]. Less common routes of metals. The major advantages of biosorption over
exposure include a radiological procedure, inappropriate conventional treatment methods include, For e.g. the
dosing or monitoring during intravenous (parenteral) waste mycelia available from fermentation processes, olive
nutrition, a broken thermometer or a suicide or homicide mill solid residues [6], activated sludge from sewage
attempt. Lead is present in petrol-based materials and treatment plants [7], biosolids [8], aquatic macrophytes [9]
many other industrial facilities. There are 35 metals that etc.

exposure. Removal of excesses of heavy metal ions from
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The search for new technologies involving the with the medium [1]. The plates were then incubated at
removal of toxic metals from wastewaters  has  directed 37°C for 24hours. After incubation the diameter of each
attention to Biosorption, based on metal  binding zone was measured and recorded in millimetre.
capacities of various biological materials. Biosorption can
be defined as the ability of biological materials to Analyses of Lead Concentration: To the series of test
accumulate heavy metals from wastewater through tubes  containing  lead  in  the   concentration  of 50ppm
metabolically mediated or physico-chemical pathways of to  250ppm,  10ml  of  nitric  acid  solution  was  prepared
uptake. Algae, bacteria and fungi and yeasts have proved by diluting  1ml  of  nitric  acid  in  4ml  of  distilled  water
to be potential metal biosorbents [4]. Temperature seems 25ml  citrate-cyanide  reducing  solution  and 5ml
not to influence the biosorption performances in the range dithizone working solution was added and made up to
of 20-35 °C. pH seems to be the most important parameter 50ml with distilled water. After 5minutes, the color was
in the biosorptive process; it affects the solution developed and intensity of the color developed was
chemistry of the metals, the activity of the functional measured at 540nm against the reagent blank. The
groups in the biomass and the competition of metallic optimization conditions for the biosorption of lead by
ions. Pseudomonas sp. was determined by using various

The effective biosorption techniques have to be used parameters such as contact time, metal concentration, pH,
for maximum removal of heavy metal. This may help in temperature and dosage effect.
maintaining a toxic free surrounding with healthy
environment. Estimation of Lead Adsorption: After incubation the

MATERIALS AND METHODS concentrations of metals and subjected to centrifugation.

Strain Identification: The sub-cultured Pseudomonas sp. the supernatant.1ml of supernatant was taken in the 100ml
(PSGMB-Culture collection) was again freshly plated in separating funnel. To that 10ml of nitric acid, 25ml of
Nutrient agar medium. citrate-cyanide solution and 5ml of dithizone working

Determination of Minimum Inhibitory Concentration water. After the addition of Dithizone working solution a
(MIC): Stock solution was prepared by dissolving 4.039g green absorbing layer is separated and its absorbance is
of Pb (NO )  (Lead Nitrate) in 1000ml of distilled water read at 540nm. The same procedure was followed for blank3

2

which gave the 1000ppm concentration. PYG Agar which contained 1ml of distilled water and above
(Peptone Yeast Glucose) was prepared  and  sterilised. reagents. After 5minutes the colour was developed and
The  plates  were   prepared   in  different concentrations intensity of the colour was measured at 540nm against the
of lead varied from 50ppm to 1000ppm and were reagent blank. The concentration of lead present in the
inoculated  with  a  loop  of  culture [10]. These plates sample was calculated using the percentage removal
were incubated at 37°C for 48hours. After incubation the formula as given below.
plates were observed for minimum inhibitory
concentration.

Determination of Antibiotic Resistance: The mid log
culture was prepared by inoculating the culture in sterile
nutrient broth and incubated in a shaker at 37°C for 4-6
hrs. Proper adjustment to the turbidity of the inoculums
was made using McFarland’s tube1, to ensure that the
resulting lawn of growth is confluent  or  almost
confluent. Sterile Muller-Hinton Agar plates were
prepared. The plates were then inoculated by dipping the Effect of Contact Time on the Biosorption of Metal Ions at
sterile swab into the mid-log culture and swabbing all Various Concentrations: Five different conical flasks
around the plate under sterile conditions. The antibiotic containing 50ml of PYG broth was prepared and they were
discs were placed at an equal distance from each other sterilized. After autoclaving, the filter sterilized lead was
and were pressed down gently to ensure even contact added  at various concentrations 50ppm, 100ppm, 150ppm,

samples were taken at regular time interval from various

They were centrifuged at 5000rpm for 15minutes to collect

solution was added and made up to 50ml with distilled



Advan. Biol. Res., 10 (2): 65-70, 2016

67

200ppm and 250ppm to each of the above flasks and to
each flask 1ml of live cells were inoculated and incubated
at 37°C for different incubation time such as 6hrs, 12hrs,
18hrs, 24hrs, 30hrs, 36hrs, 42hrs and 48hrs. The optimum
initial concentrations (250ppm) were used for further
experiments.

Effect of pH on Biosorption of Lead Ions: Nine different
conical flasks containing 50ml of PYG broth was prepared
and it was adjusted with 1N HCl and 1N NaOH to obtain
various pH such as 2, 3, 4, 5, 6, 7, 8 and 9. After
autoclaving, to all the conical flasks 250ppm
concentration of filter sterilised lead was added and 1gm
of live cells was inoculated. They were incubated at 37°C Fig. 1: Antibiotic Resistant Pattern of Pseudomonas sp.
for 48hours which was the effective time for removal of
heavy metal.

Effect of Temperature on Lead Biosorption: Five different
conical flasks containing 50ml of PYG broth was prepared
and it was adjusted to pH7 and sterilised. After
autoclaving, the 250ppm concentration of filter sterilised
lead was added and 1gm of live cells was inoculated. The
conical flasks were then incubated at as per the local
environment conditions viz., 4°C, 28°C, 37°C, 45°C and
55°C for 48hours.

Effect of Dosage on Metal Ion Biosorption: PYG 50ml
broth was prepared and was adjusted to pH7 and
sterilised. After autoclaving, the filter sterilised lead of
250ppm concentration was added. The live cells was
inoculated at various concentrations namely, 0.5ml, 1.0ml,
1.5ml, 2.0ml 2.5ml and 3ml each in separate broth and
incubated at 37°C.

RESULTS AND DISCUSSION

Here, lead contaminated water was taken and was
treated with the organism Pseudomonas sp. Dithizone is
one of the most effective method used for removal of Lead
from the contaminated water. Further, test such as MIC
showed the effective concentration in which the metal
inhibits the growth of organism. The various parameters
such as, retention time, pH, temperature and biomass
dosage were calculated for effective biosorption of lead.

Minimum Inhibitory Concentration: The plates were
observed for the presence or absence of growth after
incubation and it was found that the growth was inhibited
at 900ppm concentration. In the previous study of Murthy
et al. [10] the minimum inhibitory concentration of lead for

Table 1: Antibiotic susceptibility of Pseudomonas sp. 
List of Antibiotics Disc potency Sensitivity
Tetracycline 30mcg Resistant
Amikacin 30mcg Resistant
Gentamycin 10mcg Resistant
Kanamycin 30mcg Sensitive
Tobramycin 10mcg Resistant
Amoxicillin 20mcg Resistant
Ampicillin 10mcg Intermediate
Piperacillin 10mcg Intermediate
Ceflazidime 30mcg Sensitive
Ciprofloxacin 5mcg Resistant
Norfloxacin 10mcg Resistant
Streptomycin 10mcg Sensitive

Bacillus cereus was found to be 850ppm. Here the
minimum inhibitory concentration of lead for
Pseudomonas sp. was found to be 900ppm.

Antibiotic Resistant Pattern of the Organism: Antibiotic
sensitivity test was performed with different antibiotics
namely, Tetracycline, Gentamycin, Kanamycin,
Amoxicillin, Ampicillin, Ciprofloxacin, Norfloxacin,
Chloramphenicol, Streptomycin, the results were tabulated
in Table 1 and Fig. 1.

Effect of Retention Time on the Adsorption of Metal Ions
at Various Concentrations: The effective biosorption of
lead by Pseudomonas sp. was found at the concentration
of 250ppm of lead in 48hours of retention time (Figure 2).
The results obtained on the effect of retention time on the
adsorption of lead by the respective test isolates, showed
rapid uptake up to retention time of between 42 and 48 h
depending on the initial concentration of lead. Time for
attaining equilibrium was more than 24 h. The rate of metal
adsorption is influenced by agitation or shaking [11],
diffusion  of  metal  through   a   hydrodynamic  boundary
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Fig. 2: Effect of retention time on lead adsorption value of the system directly affects the metal speciation in

Fig. 3: Effect of pH on lead adsorption aqueous  solutions  or  wastewater  could  be important

Fig. 4: Effect of temperature on lead adsorption concentration of 250ppm with pH 7 incubated for 48hours

Fig. 5: Effect of dosage on lead adsorption due to the unavailability of binding sites to the metal and

layer around  the  biosorbent  surface  [12]  and biomass. In this study it was observed that 3.0 mg/ml
adsorption of metal ions by active sites of  the  biomass. concentration  showed  highest  sorption  percentages
In  this  case  of  metal  adsorption  by the tested [21, 22].

organism, the shaken conditions employed, probably
allowed a thorough mixing of   solutes  and  biomass in
the system and hence suppressing the kinetic limitations
of bulk transport of metal ions across the cell membrane
[13].

Effect of pH on the Adsorption of Metal Ions at Various
Concentrations: The pH value is one of the most
important parameters that influence the biochemical
behaviors of metal ions in an aqueous system, as the pH

the solution, which can change the biosorption capability
[14-17]. The highest lead adsorption noticed by
Pseudomonas sp. was at pH 7 (Figure 3) at a
concentration of 250ppm incubated for 48hours. However,
for values of pH higher than the optimum, the formation
of hydroxylated complexes of the metal will also compete
with the active sites and, as a consequence, the retention
will decrease again [18].

Effect of Temperature on  the  Adsorption  of  Metal Ions
at Various Concentrations: The temperature of the

for energy reliant mechanisms in metal adsorption by
microorganisms. Temperature is known to affect the
stability  of  the  cell  wall,  its  configuration  and  can
also cause ionization of chemical moieties. These factors
may concurrently affect the binding sites on isolated
fungal and  bacterial  species   causing  reduction in
heavy metal removal. Energy-independent mechanisms
are less likely to be affected by temperature since the
processes responsible for removal are largely
physiochemical in nature [19, 20].  The  maximum  lead
adsorption  was found at 37°C of temperature at a lead

of retention time (Figure 4). Similar results have been
reported in the biosorption of Cr (VI) by S. equisimilis and
A. niger [19].

Effect of Dosage on the Adsorption of Metal Ions at
Various Concentrations: To achieve the maximum
biosorption ability of the biosorbent for lead, the biomass
concentration was 3g and it was found that an initial
concentration of lead 250ppm with pH 7 incubated for
48hours at 37°C of temperature (Figure 5). This may be

also due to the blockage of binding sites with excess
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CONCLUSIONS 5. Dinesh Kumar, S.,  P.  Santhanam,  R.  Nandakumar,

Heavy metals become toxic when they are not S. Jeyanthi, T. Jayalakshmi and P. Ananthi, 2014.
metabolized by the body and accumulate in the soft Preliminary study on the dye removal efficacy of
tissues. Lead is known for its  harmful  effect  on  the immobilized marine and freshwater microalgal beads
living world, enters the living  system  by  breathing, from Textile wastewater. African J. Biotechnol.,
swallowing, or absorption through  the  skin  and results 13(22): 2288-2294.
in the damage of nervous system, circulatory system, 6. Pagnanelli, F., L. Toro and F. Veglio, 2002. Olive mill
blood forming system, reproductive system, solid residues as heavy metal sorbent material: a
gastrointestinal tract and kidney.  The  greatest  danger preliminary study. Waste Manage, 22(8): 901-907.
from lead comes from its  tendency  to  accumulate  in  the 7. Hammaini,   A.,     F.      Gonzalez,     A.   Ballester,
human organism. The central nervous system is most M.L. Blázquez and J.A. Munoz, 2003. Simultaneous
sensitive to the effects of lead. Hence  it  is  very uptake of metals by activated sludge. Miner. Eng.,
important to remove such toxic metal from environment to 16(8): 723-729.
overcome various hazardous effects. Here Pseudomonas 8. Norton, L., K. Baskaran and T. McKenzie, 2004.
sp. plays an important role in the removal of lead from Biosorption of zinc from aqueous solutions using
environment. The present study showed that the biosolids. Adv. Environ. Res., 8(3): 629-635.
Pseudomonas sp. is a metal tolerant strain. The metal 9. Keskinkan,  O.,   M.Z.L.   Goksu,   A.  Yuceer,
tolerant strain was also found to be resistant to M.F.C.F. Basibuyuk and C.F. Forster, 2003. Heavy
antibiotics. This showed that there is co-existence of metal adsorption characteristics of a submerged
metal  and  antibiotic   tolerance   in  Pseudomonas sp. aquatic plant (Myriophyllum spicatum). Process
The parameters (pH-7; Retention Time-48hours; Biochem., 39(2): 179-183.
Temperature-37ºC; Biomass Dosage-3g) were optimised 10. Murthy, S., G. Bali and S.K. Sarangi, 2014. Effect of
for the maximal metal removal. Since the strain used in the lead on growth, protein and biosorption capacity of
study was able to remove maximal amount of lead under Bacillus cereus isolated from industrial effluent. J.
optimised concentration it could be suggested that this Environ. Biol., 35(2): 407-411.
strain can be effectively used in the bioremediation 11. Gadd, G.M., 1988. Accumulation of Metals by
studies in future. Microorganisms and Algae. In: Biotechnology.
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