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ABSTRACT

Biosorption may be simply defined as the removal of substances from solution by biological material. Substances
can be organic and inorganic, and in gaseous, soluble or insoluble forms. Biosorption processes are particularly
suitable for effluent treatment containing low dye concentrations. Towards attaining a sustainable engineered
chemical processes, pineapple peel waste (Ananas comoscus), a low cost agricultural waste material was
investigated to serve as an adsorbent for removal of saffranin dye from wastewater. The process was carried out as
a batch process. The main aim of this study was to investigate the adsorption of Saffranin onto pineapple peel. The
effects of operating conditions such as initial dye concentration, contact time, pH effect, and temperature on
adsorption of saffranin were studied. The optimum conditions for the same using pineapple peels were found to be
as follows: pH 8, agitation 80 rpm, time 60 minutes, biomass concentration 100mg/L and dye concentration

25mgl/L.
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1. INTRODUCTION

Adsorption is a surface phenomenon in which a multi
components fluid (gas or liquid) mixture is attached to
the surface of a solid adsorbent to form attachments via
physical or chemical bond. The adsorption process of
dye molecules usually consists of four consecutive steps.
The first step involves the diffusion of dye molecules
through the bulk of solution. In the next stage, the dye
molecules will diffuse through a diffusional boundary
layer (film diffusion). Biosorption may be defined as the
removal/binding of desired substances from aqueous
solution by biological material. Such substances can be
organic and inorganic and are either soluble or insoluble
forms. For biosorption, defined as a physicochemical
process independent of metabolism, such mechanisms as
adsorption, ion exchange and complexation/coordination
maybe important and, in these cases, biosorption can be
rapid and reversible with biomass properties analogous
to conventional ion exchange resins. Biosorption can be
defined as the selective sequestering of metal soluble
species that result in the immobilization of the metals by
microbial cells. Biosorption is a metabolically passive
process, means it does not require energy, and the
amount of contaminants a sorbent can remove is
dependent on kinetic equilibrium and the composition of

the sorbents cellular surface (Crini et. al 2006; Sulaiman
M. S. et.al 2015; Gadd et.al 2008).

2. MATERIALS AND METHODS

All the chemicals were obtained from SRL and Himedia.
Growth media and glassware were sterilized at 121°C for
20 mins. Counter space and other laboratory surfaces
were disinfected by wiping using a solution of 70%
ethanol.

2.1. Preparation of biosorbent
Materials: Pineapple peels, water, tray, hot air oven,
grinder.

Methodology: Pineapple peels were collected from the
fruit vendor in Pune. The peels were properly cleaned
with water and bloat dried. Further drying was done in
the oven at 60°C for 2-3 days. The peels were ground in
fine powder and used in the experiment (Fig 1 and 2)
(Ming, 2011).
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Fig. 1: Pineapple peel waste.
2.2. Preparation of stock solution

Materials: Saffranine, Distilled water, Pipettes
Method: Saffranine was procured from Himedia. Stock
solution (1000 mg/L) of the dye was prepared by
dissolving 100 mg of the dye in 100 mL distilled water.
The stock solutions were then diluted to get the test
solutions of the desired strength. (Selvanathan, 2015;
Patole 2020).

2.3. Preparation of pH water
Materials: pH meter (Model genial), distilled water,
conical flask, 1IN NaOH and HCI, R-bottles.

Methodology: 500ml distilled water was taken using
measuring cylinder in 5 different flasks. The pH of the
water was adjusted using pH meter. Water of 5 different
pH i.e 2,4 6,8,10 was prepared by the addition of varying
amounts of 1IN NaOH and 1N HCI. The water was stored
for further use (Deokar 2016).

2.4. Batch biosorption studies

The biosorption experiments were carried out in 250 mL
Erlenmeyer flasks with working volume of 50 mL of the
reaction mixture consisting of desired concentration of
dye prepared from stock solutions (1000 mg/L) and
specified amount of biosorbent. The flasks were
withdrawn from the rotating orbital shaker after shaking
for the desired time of reaction. The residual dye
concentration in the solution was determined after
filtration. The concentration of the dye/s in the solution
was determined from the calibration curve prepared by
measuring the absorbance of known concentrations of
the dye at the maximum wavelength of sorption using a
UV-Vis spectrophotometer. The concentration of the
dye/s on the fungal biomass at the corresponding
equilibrium conditions was determined using a mass
balance equation expressed as specific uptake capacity
(SUC) (Mohammed, M. A, et al 2017).

0. =% ()

Where, Cy and C, are the initial and final concentrations
(mg/L), respectively, M is the biosorbent dosage (g) and
V the volume of the solution (L) (Mohammed, M. A, et
al 2017).

2.5. Optimization of conditions for biosorption of
Saffranin by the suspended biosorbent

Batch biosorption experiments were conducted using one
factor at a time approach.

2.5.1 Effect of pH on biosorption
Materials: 5 conical flask 200ml, Biosorbent, pH water -

2, 3,4,6,8,10, pipette, stock dye solution, shaker
incubator, funnel, Bumper tube, colorimeter, tissue
paper, filter paper.

Methodology: 5 conical flasks, each of 100ml were
taken to evaluate the effect of 5 different pH (2,4,6,8,10).
Rest all other factors were kept constant. Biosorption
was measured using a colorimeter (Deokar 2016).

2.5.2. Effect of Agitation on biosorption

Materials: 100ml flasks, shaker incubator, biosorbent,
stock dye solution, distilled water adjusted to pH 8, filter
paper, funnel, bumper tube, pipette, measuring cylinder.

Methodology: 2 flasks of 250ml each were taken and
50mg/L stock dye solution was added in both flasks from
the 100mg/L stock solution prepared. The volume was
made upto 50ml using distilled water of pH 8. One flask
was kept at shaker condition (80 rpm) and the second
flask was kept at stationary condition. Rest all other
factors were kept constant. Biosorption was measured
using a colorimeter (Deokar 2016).

2.5.3. Effect of Time on Biosorption

Materials: 100ml flasks, shaker incubator, biosorbent,
stock dye solution, distilled water adjusted to pH 8, filter
paper, funnel, bumper tube, pipette, measuring cylinder.

Methodology: 4 flasks of 250ml each were taken and
50mg/L stock dye solution was added in both flasks from
the 100mg/L stock solution prepared. The volume was
made upto 50ml using distilled water of pH 8. Each flask
was kept for different time interval (30 min, 60 min, 90
min, 120 min). Rest all other factors were kept constant.
Biosorption was measured using a colorimeter (Deokar,
2016).

2.5.4. Effect of Biomass concentration on Biosorption
Materials: 100ml flasks, shaker incubator, biosorbent,
stock dye solution, distilled water adjusted to pH 8, filter
paper, funnel, bumper tube, pipette, measuring cylinder.

Methodology: 9 flasks of 100ml were taken. 50mg/L
stock dye solution of concentration (100mg/L) was
added to each of the flasks. The volume was made to
50ml using distilled water adjusted to pH 8. Biosorbent
of 9 different concentrations were weighed and added to
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each of the flasks separately(100mg/L, 150mg/L,
200mg/L, 250mg/L, 300mg/L, 400mg/L, 600mg/L,
800mg/L, 1000mg/L). All the 9 flasks were kept in
shaker incubator for 60 mins at 80 rpm. After 60 mins all
the flasks were removed and the sample was filtered. The
Absorbance of the filterate was measured using
calorimeter. The readings were noted down and further
calculations were carried out (Deokar 2016).

2.5.5. Effect of Dye concentration on Biosorption
Materials: 100ml flasks, shaker incubator, biosorbent,
stock dye solution, distilled water adjusted to pH 8, filter
paper, funnel, bumper tube, pipette, measuring cylinder.

Methodology: 4 flasks each of 250ml were taken and
dye solutions of various concentration (25mg/L, 50mg/L,
75mg/L, 100mg/L) were added in each of the flasks
respectively. Rest all other factors were kept constant.

Biosorption was measured using a colorimeter (Deokar
2016).

3. RESULTS AND DISCUSSION

A standard experiment was performed for 8 different
concentrations to check the absorbance of dye at these
different concentrations.

2.5.1. Effect of pH on biosorbent — After carrying out
the pH optimization it was observed that the highest
absorbance of dye was at pH — 8. So further experiments
were carried out using distilled water adjusted to pH 8.
The SUC was found to be 5.63 mg/g. When the pH of
dye solution increase, the surface tends to acquire
negative charge, thereby resulting in an increased
adsorption of dyes due to increasing -electrostatic
attraction between positively charged sorbate and
negatively charged sorbent (Graph 1).
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Graph 1: Effect of pH on Biosorption.

4.4.2. Effect of Agitation on biosorption: After
carrying out the Agitation & No-agitation optimization it
was observed that the highest absorbance of dye was
seen in the flasks which was Agitated at 80 rpm using
shaker incubator. As a result, the further experiment was

carried out by agitation. In the batch experiment,
agitation speed acts as an important factor by affecting
the external boundary film and distribution of the solute
in the bulk solution (Deokar 2016) (Graph 2).
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Graph 2: Effect of Agitation on Biosorption.

4.4.3. Effect of Time on Biosorption: After carrying out
the experiment of optimization of time it was observed
that at 60 mins maximum dye was absorbed. The further
experiment was carried for 60 mins each. It was recorded
using 400mg biomass in 50 mg/L aqueous Saffranin
solution having pH 8 at room temperature. It was
observed that adsorption of Saffranin was rapid during
the first 30minutes for all materials and thereafter the

rate of biosorption decreased slowly and became
constant after 60 minutes. The maximum removal
(92.72%) took place within 60 minutes the removal of
adsorbate was initially rapid but gradually became slow
and reached equilibrium after one hour. This is due to a
large number of vacant surface sites available for
adsorption during the initial stage. The remaining vacant
surface sites are difficult to be occupied after a specific
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time interval due to repulsive forces between the solute change with further increase in time (Deokar 2016)
molecules on solid and bulk phases. After attending the (Graph 3).
equilibrium the percent sorption of Saffranin did not
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Graph 3: Effect of Time on Biosorption.

4.4.4. Effect of Biomass on biosorption: After carrying dye solution at room temperature. Dye removal increased
out the optimization of biomass with different when amount of biomass was 1000mg/L to 100mg/L.
concentration of biomass it was seen that maximum Increase in biomass did not improve the removal and
absorbance of dye was at 100mg/L of biosorbent uptake of Saffranin. Maximum biosorption occurred with
concentration. Effect of biomass dose on Saffranin 100 mg biomass. Percentage of dye removal varied from
removal was carried out by increasing the amount of 96.72% to 84% (Deokar 2016) (Graph 4).

biomass from 100 to 1000mg/L at pH 8, using 50mg/L
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Graph 4: Effect of Biomass on Biosorption.

4.4.5. Effect of Dye concentration on biosorption: observed that the adsorption was dependent on initial
After carrying out the optimization of dye concentration concentration of dye. As the concentration of Saffranin
with different concentrations of dye. It was observed that increased the uptake (qg) also increased however

maximum dye was absorbed at concentration 25mg/L.
Effect of initial concentration of dye on adsorption was
analyzed at optimum pH 8, using 100mg biomass and
keeping 60 minutes agitation time. The concentration of
dye was varied from 25mg/L. to 100 mg/L. It was

removal of dye was decreased with increase in Dye
concentration. Maximum removal and uptake occurred at
25mg/L concentration (Deokar 2016) (Graph 5).
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Graph 5: Effect of Dye concentration on Biosorption.
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CONCLUSION

Biosorbent using pineapple peels was prepared and its
%Adsorption for Saffranin dye was studied. The study
investigated that the removal of dyes between pH - 2 to
pH - 10 and maximum adsorption of dye was at pH - 8. It
has also been observed that lowest concentrations of
biosorbent have been found to remove dye with
efficiencies. Temperature in addition to adsorption
efficiency affects the nature and mechanism of
adsorption. Therefore, it can be said that waste pineapple
peels can be use to remove the dye. This technique can
be used to clear effluents of colour and make it clean and
clear.
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