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KEYWORDS Abstract Presence of heavy metals in the aquatic system is posing serious problems and chromium
Biosorption; has been used in many industries and the removal of chromium ions from waste waters is signifi-
Spirulina sp.; cant. Biosorption is one of the economic methods that is used for the removal of heavy metals.
Chromium; In the present study, the biomass generated from the dried Spirulina sp. was used for evaluating
Isotherm models; the biosorption characteristics of chromium ions in aqueous solutions. Batch adsorption experi-
Kinetic

ments were performed on these leaves and it was found that the amount of metal ions adsorbed
increased with the increase in the initial metal ion concentration. In this study effect of agitation
time, initial metal ion concentration, temperature, pH, and biomass dosage were studied. Maximum
metal uptake was observed at pH = 5. Maximum metal uptake (gmax) Was 90.91 mg/g .The bio-
sorption followed both Langmuir and Freundlich isotherm models but the Freundlich isotherm
model was better than the Langmuir with R*> = 0.997. The adsorption equilibrium was reached
in about 1 h. The kinetics of biosorption followed the second-order rate. The biomass could be
regenerated using 0.1 M HNO;. FTIR Spectrums of biomasses revealed the presence of hydroxyl,
amino, carboxylic and carbonyl groups. The scanning electron micrograph clearly revealed the sur-
face texture and morphology of the biosorbent.
© 2013 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction Chromium water pollution has become of considerable con-
cern due to the fact that chromium has been widely used in
metal finishing, electroplating, leather tanning, stainless steel
production, textile industries, and chromate preparation
(Abdel-Jawad et al., 2002). Chromium exists in the environ-
ment in either its hexavalent form (Cr) or trivalent form
(Cr (IIT)). The metal species Cr is considered as highly toxic
in that it could act as a carcinogen, mutagen, and teratogen

Heavy metal pollution has posed a serious threat to the aqua-
tic environment. At high concentrations, metals are toxic to
animals and plants alike, as they could be dispersed in water
and consequently in human beings through food chain
biomagnifications that could cause serious health hazards.
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in the biological system (Abu Al-Rub et al., 2002). It has also
been noted that prolonged exposure to the metal species
could cause skin allergies and cancer in human beings
(N. et al., 2002). Additionally, Cr (III) should be oxidized
to the state of a more carcinogenic and mutagenic Cr by
some bacteria in the environment under certain conditions
(Ahalya et al., 2006). Recently, the commonly used methods
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applied to remove excessive chromium from aqueous solu-
tions have included ion exchange, chemical precipitation,
activated carbon adsorption, evaporation and membrane pro-
cesses. However, these methods were found to be either inef-
ficient or expensive when metal ions exist in low
concentrations (< 100 mg/L) and may also be associated with
the generation of secondary environmental problems from
waste disposal (Ahalya et al., 2003). The list of the advanta-
ges of biosorption includes competitive performance, heavy
metal selectivity, cost-effectiveness, regeneration and no
sludge generation. Sources of biomass include seaweeds,
microorganisms (bacteria, fungi, yeast, and molds), activated
sludge and fermentation waste. Studies using Biosorbents
have shown that both living and dead microbial cells are able
to uptake metal ions and offer a potentially inexpensive alter-
native to conventional absorbents (Khoo and Ting, 2001;
Knorr, 1991). However, the living cell is subject to toxic ef-
fects of the heavy metals, resulting in cell death. Moreover,
living cell often requires the addition of nutrients and hence
increase the BOD (Biochemical Oxygen Demand) and COD
(Chemical Oxygen Demand) in the effluent. For these rea-
sons, the use of non-living biomaterials or dead cells as metal
binding compounds has been gaining advantage because toxic
ions do not affect them. In addition, dead require less care
and maintenance, and is cheaper (Mofa, 1995). Furthermore,
dead biomass could be easily regenerated and reused. The
capability of some living microorganisms to accumulate
metallic elements has been observed at first from the toxico-
logical point of view (Volesky, 1990a.b; Introduction, 1990).
However, further researches have revealed that inactive/dead
microbial biomass can passively bind metal ions via various
physicochemical mechanisms. Research on biosorption has
become an active field for the removal of metal ions or or-
ganic compounds. Biosorbent behavior for metallic ions is a
function of the chemical make-up of the microbial cells of
which it consists (Volesky and Holan, 1995). Mechanisms
responsible for biosorption, although understood to a limited
extent, may be one or a combination of ion exchange, com-
plexation, coordination, adsorption, electrostatic interaction,
chelation and micro precipitation (Veglio and Beolchini,
1997; Vijayaraghavan and Yun, 2008; Wang and Chen,
2006).

2. Materials and methods

2.1. Biomass and culture medium

In this study Spirulina sp. (5143) was obtained from the
National Collection of Industrial Microorganisms (NCIM)
from Pune — INDIA, which was isolated and thoroughly
pure.

The Spirulina sp. was maintained in Spirulina Media at
28 °C using 3000 Ix light intensity. After a 21 day cultivation
period cells were harvested by centrifugation and were washed
several times with deionised water in order to remove culture
media and were kept on a filter paper to reduce the water con-
tent. The biomass was dried at 60 °C in an oven for 24 h and
milled to a gritty consistency. The biomass was sieved for par-
ticle sizes smaller than 1 mm and stored in a dark bottle and
kept in a dry cabinet for experiments. All of the media are ster-
ilized by autoclaving at 121 °C for 20 min.

2.2. Preparation of synthetic sample

A stock solution of 1000 mg/L of Cr was obtained by dissolv-
ing potassium dichromate (Merck Company) in distilled water.
The test solutions of various concentration ranges from 10 to
100 mg/L were prepared from the stock solution. The solution
pH was adjusted using 0.1 M HNOj3 and 0.1 M NaOH at the
beginning of the experiment and not controlled afterward.
The conical flasks (250 mL) were shaken at 120 rpm in a tem-
perature controlled rotatory shaker.

2.3. Analysis of chromium ions

Chromium was determined spectrophotometrically by atomic
absorption spectrophotometer (UNICAM, model 929, UK).

2.4. Batch biosorption studies

Batch mode adsorption studies for individual metal com-
pounds were carried out to investigate the effect of different
parameters such as adsorbate concentration, adsorbent dose,
agitation time and pH. Solution containing adsorbate and
adsorbent was taken in 250 mL capacity conical flask and agi-
tated at 120 rpm in a shaker at predetermined time intervals.
The adsorbate was decanted and separated from the adsorbent
using Whatman No. 41 filter paper.

2.5. Effect of contact time and initial concentration

For the determination of the rate of metal biosorption by bio-
masses from 100 mL (at 10, 20, 50 and 100 mg/L) on a conical
250 mL flask, the supernatant was analyzed for residual metal
at different time intervals. The pH and the adsorbent dosage
were kept constant at pH = 5 £ 0.01, which varied according
to the adsorbent and adsorbate under consideration. Amount
of biomass dosage was 0.1 = 0.001 g for biomass (Spirulina
sp.) and temperature was 25 + 1 °C and agitation speed of
the shaker was 120 rpm.

2.6. Effect of adsorbent dosage and initial concentration

The effect of adsorbent dosage i.e., the amount of the biomass
on the adsorption of chromium was studied at different dos-
ages ranging from 0.1 to 3 g with varied metal concentrations
of 10, 20 and 50 mg/L. The equilibrium time and the pH were
kept constant depending on the metal under consideration.

The pH and the adsorbent dosage was kept constant at
pH =5 + 0.01, which varied according to the adsorbent
and adsorbate under consideration. Agitation time was
120 min for biomass (Spirulina sp.) and temperature was
25 £ 1°C and agitation speed of shaker was 120 rpm.

2.7. Effect of pH and initial concentration

To determine the effect of pH on the adsorption of metal
solutions (100 mL) of different concentration ranges (10, 20
and 50 mg/L) in conical flasks 250 mL were adjusted to desired
pH values and mixed with constant amount of adsorbent and
agitated at a preset equilibrium time. The equilibrium time and
adsorbent dosage varied with the metal and adsorbent under
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consideration. Amount of biomass dosage was 0.1 £ 0.001 g
for all three biomasses (Spirulina sp.) and temperature was
25 £ 1°C and agitation speed of the shaker was 120 rpm
and contact time was 120 min.

2.8. Effect of temperature

Optimum biomass concentration with optimum pH was used
to monitor the temperature effect on biosorption. Experi-
ments were carried out at different temperatures from 10 to
40 °C for each culture and kept on a rotary shaker at
120 rpm. The samples were allowed to attain equilibrium.
To determine the effect of temperature on the adsorption
of metal solutions (100 mL) of concentration 50 mg/L in con-
ical flask 250 mL were adjusted to desired pH values and
mixed with constant amount of adsorbent and agitated at
preset equilibrium time. The equilibrium time and adsorbent
dosage varied with the metal and adsorbent under consider-
ation. Amount of biomass dosage was 0.1 = 0.001 g for bio-
mass (Spirulina sp.) and pH was 5 = 0.001 and the agitation
speed of the shaker was 120 rpm and contact time was
120 min.

2.9. Desorption studies

After adsorption, the adsorbates — loaded adsorbent were sep-
arated from the solution by centrifugation and the supernatant
was drained out. The adsorbent was gently washed with water
to remove any unadsorbed adsorbate. Regeneration of adsor-
bate from the adsorbent — laden adsorbent was carried out
using the desorbing media — distilled water at pH ranges using
dilute solutions of EDTA, HCl and HNO; (Stirred at 200 rpm
for 120 min at 25 °C). Then they were agitated for the equilib-
rium time of the respective adsorbate. The desorbed adsorbate
in the solution was separated and analyzed for the residual
heavy metals.

2.10. Equilibrium isotherms

The isotherm studies were performed in the solution with the
initial concentrations ranging from 10 to 100 mg/L at
optimum pH values for ions (pH = 4.5 or pH = 5) .After
shaking the flask containing the mixture of biomass
(120 rpm, 25 °C) and ions for 120 min, the amount of resid-
ual ions in the filtrated solution was analyzed. The biosorp-
tion equilibrium uptake capacity for each sample was
calculated according to mass balance on the ions expressed
in this equation:
(CO - CL')

¢e="3r <V

where ¥ is the sample volume (L), Cj is the initial ion concen-
tration (mg/L), C, is the equilibrium or final ion concentration
(mg/L), M is the biomass dry weight (g), and ¢, is the biomass
biosorption equilibrium ions uptake capacity (mg/g). Lang-
muir and Freundlich isotherms, the two classical adsorption
models, were used to describe the equilibrium between ad-
sorbed ions on the biomass cell (¢., ¢) and ions in the solution
(C., g) in this study.

Langmuir isotherm model:

_ qmzlxct’b
©=11Ch

Then after arrangement we have;
C, 1 n C,

qL’ qmaxb qmax .

These values ¢ and b (where b, is the adsorption equilib-
rium constant) can be obtained from the slopes and the inter-
cepts of the linear plots respectively, where experimental data
of C,./q. as the function of C..

The empirical Freundlich equation based on sorption
on a heterogeneous surface, on the other hand, is as follows:
qe = Kf'(Ce)n

K and 1/n: An experimental constant, K is an indication of
the adsorption capacity of the adsorbent; n indicates the effect
of concentration on the adsorption capacity and represents
adsorption intensity. The equation can be linearized in the fol-
lowing logarithmic form:

1
Ing, = lnk_/-—i—z InC,

These values n and Ky can be obtained from the slopes and
the intercepts of the linear plots respectively, where experimen-
tal data of In ¢, as the function of In C.,.

2.11. Kinetic modeling

The pseudo-second-order equation is also based on the sorp-
tion capacity, which is expressed as:

t 1 t

J— +7
9 (Kq)  q.

where K is the rate constant of pseudo-second-order sorption
(g mg ' min~!). K»ge? is the initial rate constant (represented
by h, mg g~ min~"). Plotting t/q, versus ¢ will give a straight
line. The values of ge and K, can be determined from the slope
and intercept of the plot, respectively.

2.12. FT-IR spectroscopy (Fourier transform infrared)

In order to determine the functional groups responsible for
chromium biosorption, IR spectroscopy was used that about
0.1 g biomass was mixed with KBr for FT-IR spectra analysis
(Shimadzu, Model 8400).

2.13. SEM (scanning electron microscopy)

The SEM was used to investigate the morphology of the bio-
sorbent. We used samples with pH = 5 and Cy = 10 mg/L.
Scanning Electron Microscope (SEM, JEOL, JSM-6360A)
was used for this study.

3. Results

Results on the effect of pH of Cr at different initial metal ion
concentrations by Spirulina sp. are shown in the Fig. 1. Max-
imum percentage of biosorption obtained at the initial concen-
tration of 10 mg/L at the time of 120 min at pH = 5 for Cr
was 82.67% and metal ion uptake capacity was 8.26 mg/g
and when initial concentration of Cr increased to 50 mg/L,
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Effect of PH
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Figure 1  Effect of pH on biosorption of Cr by Spirulina sp.

(biomass dose = 0.1 g, initial Cr ion concentration = 10, 20,
50 mg/L, temperature = 25 °C; agitation speed = 120 rpm; con-
tact time = 120 min).

Effect of contact Time
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Figure 2  Effect of contact time on biosorption of Cr by Spirulina

sp. (biomass dose = 0.1 g, pH = 5, initial Cr ion concentra-
tion = 10, 20 50 and 100 mg/L; temperature = 25 °C; agitation
speed = 120 rpm).

percentage of biosortion of Cr was 63.44% and uptake capac-
ity was 34.56 mg/g for Spirulina sp. With increase of the initial
concentration percentage of biosorption decreased and metal
ion uptake capacity increased.

Results on the contact time of chromium at different initial
metal ion concentrations by Spirulina sp. are shown in the
Fig. 2. In the initial concentration of 10 mg/L at the time of
60 min percentage of removal of Cr was 82.52% and the metal
ion uptake capacity was 8.25 mg/g and when the initial con-
centration of Cr increased to 100 mg/L, percentage of removal
of Cr was 59.57% and uptake capacity was 59.57 mg/g for Spi-
rulina sp. The time taken for Cr adsorption by Spirulina sp.
was dependent on initial metal ion concentration and increased
with increase in concentration of Cr. With increase of the ini-
tial concentration percentage of biosorption decreased and me-
tal ion uptake capacity increased.

Results on the effect of biomass dosage of Cr at different ini-
tial metal ion concentrations by Spirulina sp. are shown in the
Fig. 3. Percentage of biosorption obtained at the initial concen-
tration of 10 mg/L at the time of 120 min at pH = 5 and
0.1 £ 0.001 g of biomass for Cr was 82.67% and metal ion up-
take capacity 8.26 mg/g and when the initial concentration of

Effect of Biomass Dosage
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Figure 3  Effect of biomass dosage on biosorption of Cr by
Spirulina sp. (pH = 5, initial Cr ion concentration = 10, 20 and
50 mg/L; temperature = 25 °C; agitation speed = 120 rpm; con-
tact time = 120 min).

Cr increased to 50 mg/L, percentage of biosortion of Cr was
69.12% and uptake capacity was 34.56 mg/g for Spirulina sp.

When amount of biomass increased from 0.1 + 0.001 to
3 + 0.001 g, percentage of biosorption obtained at the initial
concentration of 10 mg/L at the time of 120 min at pH = 5
for Cr was 92.57% and metal ion uptake capacity was
0.308 mg/g and when the initial concentration of Cr increased
to 50 mg/L, percentage of biosortion of Cr was 86.35% and
uptake capacity was 1.44 mg/g for the Spirulina sp. With in-
crease in the initial concentration percentage of biosorption
decreased and metal ion uptake capacity was increased. With
increase in the amount of biomass observed that percentage
of biosorption increased and the metal ion uptake capacity
decreased.

Results on the effect of temperature of Cr at initial metal
ion concentration of 50 mg/L by Spirulina sp. are shown in
the Fig. 4. Maximum percentage of biosorption obtained at
the initial concentration of 50 mg/L at the time of 120 min at
pH = 5 for Cr was 72.83% and the metal ion uptake capacity
was 36.41 mg/g at the temperature of 40 °C for Spirulina sp.
The findings of Spirulina sp. indicate that the sorption percent-
age increased with increase in temperature up to 40 °C.

The equilibrium experimental results of chromium ions
have been fitted in the Langmuir and Freundlich models.
For biosorption of chromium using Spirulina sp. the coefficient
of determination (R?) of both models was mostly close to 1 as
shown in Fig. 5 and Fig. 6. This indicates that both models
adequately describe the experimental data of the biosorption
of chromium. In the biosorption of chromium by Spirulina

Effect of Temperature
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Figure 4 Effect of Temperature on biosorption of Cr by
Spirulina sp. (biomass dose = 0.1 g, pH = 5, initial Cr ion
concentration = 50 mg/L; temperature = 25 °C; agitation
speed = 120 rpm; contact time = 120 min).



850 H. Rezaei
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Figure 5 Langmuir adsorption isotherm for Cr by Spirulina sp. 0 100 200 300 400
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Figure 6 Freundlich adsorption isotherm for Cr by Spirulina sp.

(n = 1.56, K = 5.65).

sp., most of the metal ions were sequestered very fast from the
solutions in the first phase of contact time of 60 min and al-
most no increase in the level of bound metal having occurred
after this time interval. Biosorption equilibrium isotherms were
plotted for metal uptake q against the residual metal concen-
tration in the solution. The ¢ verses C,sorption isotherm rela-
tionship was mathematically expressed by the Langmuir and
Freundlich models. The higher the values of k and n; lower
the value of b, the higher the affinity of the biomass. Table 1
describes summaries of linear regression data for the Langmuir
and Freundlich isotherms for chromium biosorption using Spi-
rulina sp. biomass (Fig. 5).

Langmuir and Freundlich constants k were obtained from
the linear equations of both models. As indicated in the Ta-
ble 1, the coefficients of determination (R*) of both models
are close to 1. In the Table | the values of K, 7, gmax and b
were given.

Figure 7 Plot of HOS Model (Pseudo second order rate) for Cr
by Spirulina sp.

observed that the adsorption of chromium ions quickly in-
creased at the beginning of biosorption, but after 15 min,
the adsorption slowed down. The result indicated that the
maximum adsorbed amount of the chromium ions was
achieved within 60 min, and then followed by a longer equi-
librium period. After this equilibrium period, the amount of
adsorbed ions did not significantly change with the adsorp-
tion time. Therefore, for the following experiments, the
contact time was maintained for 60 min to ensure that
equilibrium was fully achieved.

The results showed that the pseudo-second-order model fit-
ted the simulation curve much better than the pseudo-first-or-
der model for Cr. The results of pseudo-second-order model
are shown in the Table 2.The coefficient of determination
(R? and K, HOS model for the different metal ion concentra-
tion under  study  has been  established as:
10 ppm > 20 ppm > 50 ppm > 100 ppm.

With an increase the initial concentration coefficient of
determination (R?) and K, decreased.

3.2. Equilibrium parameter Ry

The essential characteristics of a Langmuir isotherm can be ex-
pressed in terms of a dimensionless constant separation factor
or equilibrium parameter R;, which is defined by

Table 2 Parameter of kinetic model for chromium of Spiru-
lina sp.

Concentration of Cr  Equation R’ K,
3.1. Kinetic modeling Cr, 10 ppm y =0.107x + 2.477 0990 4.62x 107>
Cr, 20 ppm y = 0.055x + 1.612 0989 1.87x 1073
. . _ —4
Fig. 7 shows the experimental break through curves for the Cr, 50 ppm Y =0024x + 0712 0986  8.09x 107 .
effects of contact time on a bound rate of Cr. It can be Cr, 100 ppm y = 0013x + 0424 0985 3.98x10
Table 1 Parameters of isotherm models for chromium.
Biomass Langmuir parameters Freundlich parameters
fmax (Mg/2) b (L/mg) R K " L
Spirulina sp. 90.91 0.045 0.953 5.65 1.56 0.997
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Table 3 Type of isotherm for various R;.
R, R, > 1 R, =1 0<R, <1 R, =0
Type of isotherm Un favorable Linear Favorable Irreversible
Table 4 The desorption efficiency of a different desorbent.
Desorbent EDTA (0.1 M) HCI (0.1 M) HNO; (0.1 M)
% Desorption of Cr 72.23 £ 3.15 89.57 £ 3.39 95.04 £+ 3.10

R, =1/1+5C,

where C, is the initial adsorbate concentration (mg/L) and b is
the Langmuir constant (L/mg). The parameter indicates the
shape of the isotherm as follows (Table 3).

The R; values at different initial adsorbate concentrations
indicate favorable adsorption for all the adsorbents and adsor-
bates studied.

3.3. Desorption studies

Desorption and regeneration studies of the adsorbates showed
that regeneration and recovery of the adsorbates are possible.
Chemisorption/ion exchange was the main mechanism by
which the adsorbates (metals) were attached to the adsorbents.
Physical adsorption played a minimal role in the process .The
result of desorption studies of Cr in a batch system showed

that HNOj3 (0.1 M) was more efficient in Cr desorption, which
removed 95% chromium ions (Table 4).

4. FTIR Spectroscopy of Spirulina sp.

Spectrums of Spirulina sp. present in the Fig. 8 revealed the
presence of hydroxyl, amino, carboxylic and carbonyl groups.
The presence of OH group along with carbonyl group con-
firmed the presence of carboxylic acid groups in the biosor-
bent. The presence of NH group and OH group along with
carbonyl group might be attributed to the presence of amino
acid groups in the biosorbent. The stretching vibration of
OH, NH and C=O0 groups shifted to a certain extent in addi-
tion, which indicated that these three groups are possibly in-
volved in the biosorption. Assignment of bands to functional
group on the surface of Spirulina sp. before and after
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Figure 8 198 FTIR Spectrum of the Spirulina sp. (before (b) and after (a) biosorption of Cr.
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Table 5 Assignment of bands to the functional group on the surface of Spirulina sp. as observed from FTIR spectroscopy.

Wave numbers (cm ') Assignment
Before Chromium
3350.46 3308.03 O-H stretching/N-H stretching
3217.37 3174.94
3090.07 C-H stretching aromatic
2956.97 2955.04 C—H stretching aliphatic
2926.11 2926.11
2856.67 2854.74 C—H stretching

1730.21 C=0 stretching vibration
1672.34 1647.26 C—0 stretching vibration/N-H stretching vibration
1627.97 1622.19
1531.53 1539.25
1446.66 1454.38 CH, bonding vibration
1039.67 1043.52 C-O Stretching
777.34 773.48 C-X (X =F,Cl BrandI)

(b)

Figure 9  Scanning electron microscopy (SEM) micrographs of the Chlorella pyrenoidosa before (b) and after (a) of biosorption.

biosorption of chromium as observed from FTIR spectroscopy
is summarized in the Table 5.

4.1. Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) values of Spirulina sp.
before and after biosorption of chromium are shown in the
Fig. 9. The scanning electron micrograph clearly revealed the
surface texture and morphology of the biosorbent at different
magnifications. The SEM analysis revealed important infor-
mation on surface morphology. In these micrographs struc-
tures with large surface area were evident. The results
obviously show the difference between before and after loading
of ions on the biomass surface.

5. Conclusions

The batch experiment conducted with the biosorption demon-
strated that the biomass of Spirulina sp. exhibited the potential
for Cr removal from aqueous solution. Optimum pH and tem-
perature for biosorption in this study were 5 and 25 °C, respec-
tively. The time taken for Cr adsorption by Spirulina sp. was
dependent on the initial metal ion concentration and increased
with an increase in the concentration of Cr. With increase in

the initial concentration percentage of biosorption decreased
and metal ion uptake capacity increased. With increase in the
amount of biomass we observed that percentage of biosorption
increased and metal ion uptake capacity decreased. The findings
of Spirulina sp. indicate that the sorption percentage increased
with increase in temperature up to 40 °C and there was a decrease
in sorption percentage with further increase in temperature. The
removal of Cr increases with increase in biosorbent. The biosorp-
tion process followed both the Langmuir and Freundlich iso-
therm models but the Freundlich isotherm model was better
than the Langmuir with R> = 0.997. The pseudo second-order
kinetics described the experimental data well. The equilibrium
time was 60 min. The R; values at different initial adsorbate con-
centrations indicate favorable (0 < R; < 1) adsorption for all
the adsorbents and adsorbates studied. HNOj3 (0.1 M) had high-
er efficiency of Cr desorption than EDTA (0.1 M) and HCI
(0.1 M) with 95% efficiency desorption. FTIR spectrums of Spi-
rulina revealed the presence of hydroxyl, amino, carboxylic and
carbonyl groups. The presence of OH group along with carbonyl
group confirmed the presence of carboxylic acid groups in the
biosorbent. The presence of NH group and OH group along with
carbonyl group might be attributed the presence of amino acid
groups in the biosorbent. Scanning electron microscopy (SEM)
of Spirulina sp. before and after biosorption of chromium clearly
showed the biosorption of heavy metals by algal biomass.
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