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----------------------------------------************************---------------------------------Abstract:

Spirulina (Arthrospira platensis), a cyanobacterium of considerable economic importance is studied for
the adsorption capacity to Lead and Chromium. The cyanobacterium is very responsive to low metal
concentration. The Biosorption studies showed that the algae had a great potential for adsorbing the heavy
metal on to the cell. The study focuses on feasibility of the algae to be a good biosorbent. Culturing the
algae in low metal concentrations can be utilized as potential tertiary treatment for metal containing
effluent. The ability of Spirulina biomass to remove lead and chromium from aqueous solution was
studied in batch process with respect to contact time and initial metal ions concentration at constant pH
level and Biomass dosage at room temperature. The batch experiment yielded encouraging results on the
potentiality of the algae to be a possible agent for removal of heavy metals from aqueous solutions
Keywords —Spirulina (Arthrospira platensis), Heavy Metal, Contaminants (Cr, Ld), Biosorption---------------------------------------************************---------------------------------biological, chemical or physical means to an innocuous
I. INTRODUCTION
by-product. The chemical nature and bioavailability of a
Contamination of heavy metals in the environment is a
metal can be changed through oxidation or reduction[5];
major global concern, because of toxicity and threat to
however, the elemental nature remains the same because
the human life and ecosystem [1]. The levels of metals
the metals are thermally decomposable[4]
in all environments, including air, water and soil are
increasing in some cases beyond toxic levels, with
contributions from wide variety of industrial and

II.MATERIALS AND METHODS
A. MATERIALS-CHEMICALS

domestic activities. Metal contaminated environments

The metal salts used in this work are Basic Lead

pose serious threat to health and ecosystems [2]. Metals

acetate and Potassium Dichromate as respective

like arsenic, cadmium, lead, mercury, silver etc cause

source of metal ions lead and zinc. Hydrochloric acid

conditions including heart disease and liver damage,

(HCl) and Sodium hydroxide (NaOH) were used for

cancer and neurological and cardiovascular diseases,

adjusting pH. The pH levels of the metal solutions

central nervous system damage and sensory disturbances

were maintained constant[7].

[3].

Unlike organics, metals are persistent in the

environment and cannot be completely degraded through
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Spirulina for the study were purchased from OfER (an
NGO cultivating Spirulina on commercial scale).
Commercial synthetic medium for low-cost mass
production of Spirulina, in a larger scale with constant
aeration at room temperature was used[8]. The algae
were harvested from medium solution byplankton
cloth mesh, 20 diameters [6]. The collected algal were
completely dried in sunlight for 3 weeks and then in
oven at 60 °C for1 week. The dried algae were ground
using a domestic mixer. The sieved algae were treated
by 0.1 M HCl for 4 h. After washing in distilled water
the algal was dried at 70º C for 8 h. Medium used for
microorganism and all the glassware were properly
sterilized autoclaved at 15 lb/in2 pressure and at 121˚C
for 30 minutes[10].

D.BATCH EXPERIMENTS
Batch experiments were conducted with solutions
prepared from metal salts [11]. The working volume of
metal solution is 100ml taken in 250ml conical flask.
Biosorbent dosage is kept constant which is 0.1g/100ml
and the said dosage value of dry biomass was added to
the several flasks. All the flasks were sealed to minimize
the evaporation. The flasks were stirred at constant
speed of 150 rpm at room temperature (28 ± 2 ˚ C) in a
rotary shaker.
Test samples were collected at regular interval of time
(30mins, 60mins, 90mins, and 120mins). Experiments
were carried out over a wide range of operating
conditions and the percentage of metal removal [14].

C. PREPARATION OF METAL SOLUTIONS
The stock solution of 100ppm was prepared and various

E. ANALYSIS OF BIOSORPTION

concentrations of test solutions were prepared by

compounds were carried out to investigate the effect of

appropriate dilution of stock solution in distilled water.

different parameters such as adsorbate concentration,

The heavy metal at various concentrations is prepared

adsorbent dose, agitation time, pH and temperature [17].

synthetically at various concentrations (10ppm, 20ppm,

Here, the pH (acidic medium pH=5), temperature (room

30ppm) [9].

temperature

The lead solution presents following

Batch mode adsorption studies for individual metal

28

±

2˚C)

and

adsorbent

dosage

concentration: (10ppm, 20ppm, 30ppm) and chromium

(0.1g/100ml) is kept at constant. Therefore, mainly

solution presents following concentration: (10ppm,

effect of the initial metal ion concentration and effect of

20ppm, 30ppm) [13]. These are prepared and kept at

contact time is studied. The adsorbate is separated from

respective conical flasks at room temperature.

This

the adsorbent by filtration [16]. The lead ion and

conical flask containing synthetic effluents of various

chromium ion concentration in the test samples were

concentrations are taken as our experimental sample.

analyzed by UV-Vis spectrophotometer. Lead and

The pH level of these initial metal ion solutions is

chromium concentrations were expressed in mg/L in

adjusted as required to a constant level of acidic medium

liquid and the difference between the initial and the

[12].

residual concentrations was assumed to be adsorbed by
A. platensis (Spirulina) cells[15].
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III.RESULTS AND DICUSSION

In the studies carried out so far, Arthrospira platensis
(Spirulina) was used for the biosorption of lead [19].
A.1.EFFECT OF INITIAL CONCENTRATION

Pb removal %

lead removal %

A. BIOSORPTION STUDIES USING SPIRULINA
PLATENSIS – LEAD

y = 0.485x + 8.786
R² = 0.911
Series1

time in minutes

The concentration of lead (10ppm, 20ppm, 30ppm) was

Linear
(Series1)

taken and 0.1g/100ml of biomass were added to each
metal concentration. The effect of the initial metal ion

FIGURE.A.1- Effect of initial concentration on lead

concentration for the same dosage was studied at contact

biosorption, 0.1g/100ml biomass dosage at room

time of 120 minutes [18]. The reduction percentage in

temperature (28 ± 2˚C), pH 5 (constant), contact time

the lower metal concentrations is greater than that of

(120 mins) and 10ppm initial metal concentration for

higher metal concentrations (as shown in figure 7) . The

spirulina[25].

lead removal percentage at 30 minutes for 10ppm metal
concentration is 30.24%, for 20ppm metal concentration

lead removal %

At 120 minutes the removal percentage is at 61.55%,
51.36% and 44.25% for 10ppm, 20ppm, 30ppm
respectively [20][21]. There is a notable decrease in the

Pb removal %

is 28.66% and for 30ppm metal concentration is 25.89%.

adsorption as the initial concentration of the heavy metal

y = 0.403x + 8.77
R² = 0.880
Series1
time in minutes

increases and the adsorption slows down due to the low

Linear
(Series1)

activity of biomass. With increase of the initial

FIGURE.A.2:- Effect of initial concentration on lead

concentration of heavy metal (Pb) percentage of

biosorption, 0.1g/100ml biomass dosage at room

biosorption is decreased and metal ion uptake capacity is

temperature (28 ± 2˚C), pH 5 (constant), contact time

increased [22].

(120 mins) and 20ppm initial metal concentration for
spirulina[23].
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lead- contact time
0
30
60
90
120
time in minutes

FIGURE.A.3:- Effect of initial concentration on lead

FIGUR.A.(a):- Effect of time on lead biosorption,

biosorption, 0.1g/100ml biomass dosage at room

0.1g/100ml biomass dosage at room temperature (28 ±

temperature (28 ± 2˚C), pH 5 (constant), contact time

2˚C), pH 5 (constant), contact time (120 mins) and

(120 mins) and 30ppm initial metal concentration for

10ppm initial metal concentration for spirulina[29].

spirulina[24].

lead- contact time

Biosorption experiment of lead using spirulina were
carried out for different contact time (30, 60, 90, 120
minutes) at fixed pH, initial concentration, biomass
dosage and temperature. The concentration of the heavy
metal decreases with time (as shown in figure 8) as the
adsorption percentage of the metal increases with time.
The concentration of heavy metal at 120 minutes is
3.845ppm, 9.728ppm and 16.725ppm for 10ppm, 20ppm
and 30ppm initial concentrations respectively[26][27].

0

concenntration in ppm

A.2.EFFECT OF CONTACT TIME

30
60
90
120
time in minutes

FIGURE.A.(b):- Effect of time on lead biosorption,
0.1g/100ml biomass dosage at room temperature (28 ±
2˚C), pH 5 (constant), contact time (120 mins) and
20ppm initial metal concentration for spirulina.

The sorption of metal was rapid at the initial stages of

until saturation. It can inferred from the graph that
thetime taken for adsorption by spirulina is dependant on
initial metal ion concentration and increased with the
increase in concentration of lead.

concentration in ppm

contact timeand gradually drcreases with lapse of time

lead - contact time
0
30
60
90
120
time in mintues
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FIGURE.A.(c):- Effect of time on lead biosorption,

chromium removal %

2˚C), pH 5 (constant), contact time (120 mins) and
30ppm initial metal concentration for spirulina.
B.BIOSORPTION STUDIES USING SPIRULINA
PLATENSIS – CHROMIUM
In the studies carried out so far, Arthrospira platensis
(Spirulina) was used for the biosorption of chromium
[28].

y = 0.618x + 24.7
R² = 0.687

Cr removal %

0.1g/100ml biomass dosage at room temperature (28 ±

Series1

time in minutes

Linear
(Series1)

FIGURE.B.(a):- Effect of initial concentration on

B.1.EFFECT OF INITIAL CONCENTRATION
chromium biosorption, 0.1g/100ml biomass dosage at
The concentration of chromium (10ppm, 20ppm, 30ppm)
room temperature (28 ± 2˚C), pH 5 (constant), contact
was taken and 0.1g/100ml of biomass were added to
time (120 mins) and 10ppm initial metal concentration
each metal concentration. The effect of the initial metal
for spirulina.
ion concentration for the same dosage was studied at

chromium removal %

The

reduction

percentage

in

the

lower

metal

concentrations is greater than that of higher metal
concentrations (as shown in figure 9). The chromium
removal percentage at 30 minutes for 10ppm metal

Cr removal %

contact time of 120 minutes.

y = 0.544x + 16.47
R² = 0.797
Series1
time in minutes Linear
(Series1)

concentration is 64.6%, for 20ppm metal concentration
is 49.25% and for 30ppm metal concentration is 34.7%.
At 120 minutes the removal percentage is at 83.8%,
73.75% and 59.57% for 10ppm, 20ppm, 30ppm
respectively. There is a notable decrease in the
adsorption as the initial concentration of the heavy metal

FIGURE.B.(b):- Effect of initial concentration on
chromiumbiosorption, 0.1g/100ml biomass dosage
at room temperature (28 ± 2˚C), pH 5 (constant),
contact time (120 mins) and 20ppm initial metal
concentration.

increases and the adsorption slows down due to the low

concentration of heavy metal (Cr) percentage of
biosorption is decreased and metal ion uptake capacity is
increased.

Cr removal %

activity of biomass [30]. With increase of the initial

y = 0.440x + 9.472
R² = 0.876

chromium removal
% Series1
time in minutes

Linear
(Series1)

FIGURE.B.(c):- Effect of initial concentration on
chromium biosorption, 0.1g/100ml biomass dosage at
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time (120 mins) and 30ppm initial metal concentration
for spirulina.
C.EFFECT OF CONTACT TIME
Biosorption experiment of chromium using spirulina
were carried out for different contact time (30, 60, 90,
120 minutes) at fixed pH, initial concentration, biomass

concentration in ppm

room temperature (28 ± 2˚C), pH 5 (constant), contact

chromium - contact
0
time
30
60
90
120
time in minutes

dosage and temperature[31]. The concentration of the
Effect

of

time

on

chromium

heavy metal decreases with time (as shown in figure 10)

FIGURE.C.(b):-

as the adsorption percentage of the metal increases with

biosorption, 0.1g/100ml biomass dosage at room

time. The concentration of heavy metal at 120 minutes is

temperature (28 ± 2˚C), pH 5 (constant), contact time

1.62ppm, 5.25ppm and 12.13ppm for 10ppm, 20ppm

(120 mins) and 20ppm initial metal concentration for

and 30ppm

spirulina.

initial concentrations respectively. The

contact timeand gradually drcreases with lapse of time
until saturation[32]. It can inferred from the graph that
thetime taken for adsorption by spirulina is dependant on
initial metal ion concentration and increased with the

concentration in ppm

increase in concentration of chromium.

chromium - contact
time

90
120

biosorption, 0.1g/100ml biomass dosage at room

Effect

of

time

on

chromium

temperature (28 ± 2˚C), pH 5 (constant), contact time
(120 mins) and 30ppm initial metal concentration for
spirulina.

on

chromium

biosorption, 0.1g/100ml biomass dosage at room
temperature (28 ± 2˚C), pH 5 (constant), contact time
(120 mins) and 10ppm initial metal concentration for
spirulina.

60

FIGURE.C.(c):-

120

time

30

30
90

of

0

0
60

Effect

chromium - contact
time

time in minutes

time in minutes

FIGURE.C.(a):-

concentration in ppm

sorption of metal was rapid at the initial stages of

IV.CONCLUSIONS
The biosorption capacity of Arthrospira platensis
(Spirulina) biomass was investigated for the removal of
lead and chromium ions from aqueous solutions. The
biosorption capacity of dry Spirulina biomass was
obviously affected by the operation conditions such as
solution pH, contact time, biomass dosage and initial
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metal concentration. The lead removal percentage at the

Engineering ‘‘G.B. Bonino’’, Genoa University,

end of 120 minutes for the initial metal concentrations

via Opera Pia 15, I-16145

10ppm, 20ppm and 30ppm are 61.55%, 51.36% and

5. Inga Zinicovscaia, Liliana Cepoi, Tatiana

44.25% respectively. The chromium removal percentage

Chiriac,

at the end of 120 minutes for the initial metal

Frontasyeva, Sergey Pavlov, Elena Kirkesali,

concentrations 10ppm, 20ppm and 30ppm are 83.8%,

Artem Akshintsev& Elena Rodlovskaya (2016)

73.75% and 59.57%. The optimum conditions for lead

Spirulina platensis as biosorbent of chromium

and chromium biosorption were pH 5 and contact time

and nickel from industrial effluents,

120 minutes at room temperature (28 ± 2˚C).

6. Shubha

Furthermore, the biosorption capacity of Spirulina is
greater for chromium ions in comparison to lead ions.

Otilia

M.
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Hegde,

Culicov,

R.L.

Marina

Babu,

E.

Vijayalakshmi†, Rajeshwari H. Patil,
7. M. Naveen Kumar, K.M. Kiran Kumar, Rashmi

The overall result showed the dry Spirulina biomass is

Nagesh, K. Kavya, S. Chidananda Sharma (2015)

an effective adsorbent that can be used for the removal

Biosorption of hexavalent chromium from

of heavy metals lead and chromium from waste water.

aqueous solution using chemically modified
Spirulina platensis algal biomass: an ecofriendly
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