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Introduction
Rising point sources of emissions and the need to clean

up toxic runoff are recognized by the government and indus-
try in recent years. The prevalence of heavy metals in waste-
water, which are non-biodegradable, cause  severe health
concerns1,2. Many factories, in particular those involved in
plating, coating, leather, and mining, produce vast volumes
of wastewater with heavy metal concentrations. The risk of
such heavy metals ensures that all contaminated products
should be e treated before discharge3. The following con-
straints which include high cost, incomplete elimination, poor
selectivity, high energy usage, and production of toxic slur-
ries have already been established for the traditional pro-
cessing methods or recovery of toxic wastewater pollutants
through adsorption, exchange of ions, precipitation,
electrosorption, and adding oxygen and reduction pro-
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This analysis is aimed at exploring the potential of brown seaweed Sargassum wigtii for the sequestration of lead, nickel,
and zinc metal ions from aqueous solutions. The biosorption process was identified by FTIR and SEM analytics on the con-
tact between positive metal ions and negatively-charged functional groups on S. wightii’s surface. Biosorption isotherms ob-
tained at pH 5, 4, and 8 for Pb(II), Ni(II), and Zn(II) indicate that the seaweed provides a greater intake of Pb (86.37 mg/g),
with Zn (70.16 mg/g) and Ni (56.74 mg/g). The above-mentioned pH mechanism significantly affected the biosorption capac-
ity of brown algae. Such varying affinity was measured by atomic weight, the radius of metal ions, and the negative charges
of electrons of the biosorbent for the three metal ions. The Toth model improved projected experimental isotherm results with
strong correlation coefficients (R2) from different isotherm models (Langmuir, Freundlich, Toth, and Sips). Kinetic tests found
very strong metal removal efficiency by S. wightii, with 99% being completed in 90 min. Desorption tests with different elutant
components (0.01 M NaOH, HCl, and EDTA) revealed that 0.01 M HCl could accomplish the highest desorption of all metal
ions from metal-loaded S. wightii.
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cesses4,5. Therefore, new inexpensive and effective solu-
tions are desperately required to replace current methods in
treating wastewater contaminated with heavy metals6,7.

Biosorption is an effective method for liquid treatment of
heavy metals. The process consists of solid and liquid phases.
The latter is drawn and attached to the sorbent by different
paths due to the higher affinity of the sorbent for the sorbate.
The cycle continues until an equilibrium between the quan-
tity of firmly bonded sorbate species and its share is defined.
Metal sorption through biosorbents is achieved by ion ex-
change and/or variations of such processes via complex-
ation, synchronization and, chelation8,9. Various biosorbents,
like inactive/dead microbes, fungi, algae, yeast, farm waste,
and industrial waste have been widely used to extract heavy
metal ions. The possibility of utilizing dead or inactive algae
to function as possible heavy metal biosorbents was exten-
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sively explored in recent years, as this method provides many
advantages which include low operating cost, continuous
biosorbent quality, good efficiency, and multi-cycle reusabil-
ity10–13. Brown seaweed was researched extensively for
heavy metal ions in recent years. However, biosorption work
has concentrated less on red and green sea algae14,15.
Hashim et al.16 recorded a few biosorption experiments uti-
lizing red algae (Gracilaria salicornia) that demonstrated the
lowest uptake of 0.16 mmol/g among various species of
marine algae tested for Cd biosorption. Vijayaraghavan et
al.17 described red and brown algae of Gracilaria and
Geledium species and Sargassum wightii and illcifolium for
removal of cobalt and nickel ions with high efficiency. The
key cause behind the poor biosorption of red algae is the
composition of the cell wall. The red algae’s cell wall is pri-
marily made up of carrageen and agar (as opposed to brown
seaweed alginates). However, the mediocre ability of
biosorption was focused on a few species of brown algae
and further work is required to explain the ability of other
forms of brown algae18,19.

This work focuses on the use of fresh brown alga Sar-
gassum wightii for the biosorption of Pb(II), Ni(II), and Zn(II)
Sargassum is one of the biggest and fast-growing tropical
brown algae. While the algae have industrial uses, Sargas-
sum organisms are highly destructive in certain areas of the
world’s environment due to their very high growth rate, plas-
tic morphology, and exceptionally efficient vegetative regen-
eration. Therefore, an additional application of S. wightii is
attractive and good20. The current work also provides insights
into the process of binding heavy metal ions for removal by
S. wightii and key parameters that influence their biosorption
are defined.

Materials and methods
Collection of seaweed and preparation of the metal solu-

tion:
S. wightii was taken from the island beaches of Kurusadai,

Mandapam, Tamilnadu, India (9º14N 79º12E). The algal
biomass was washed in deionized water and dried in sun-
light for 10 days. The algae were ground to an average par-
ticle size of 150–175 microns size and, then pulverized us-
ing a household mixer (1HP Micro active, India) and incurred
for 6 h at 105ºC. Pb(II), Ni(II), and Zn(II) stock solutions (1000
mg/L) were developed with PbSO4, NiSO4.6H2O, and

ZnSO4.7H2O. The metal solutions were diluted with DI water
to obtain the required concentrations during the test. Analyti-
cal grade chemicals were obtained from Merck (India).

Procedure for the experimentation in metal biosorption:
Experiments were carried out with 250 mL Erlenmeyer

bottles in a rotary shaker at room temperature. 0.2 g of sea-
weed was used in each flask in the correct concentration
ranges for 100 ml for each of the three metal ions Pb(II),
Ni(II), and Zn(II). The flasks were agitated in a 150 rpm rotary
shaker (PS Instruments, India), for 4 h. Originally, 0.1 M HCl
or NaOH was (added and controlled with a metal pH solu-
tion). The beaker’s contents were centrifuged for 3 min at
4000 rpm during the biosorption treatment and the suspen-
sion was filtered through a Whatman filter sheet. The super-
natant was examined using Atomic Absorption Spectroscopy
(AAS Vario 6, Analytik Jena, Germany) to assess metal con-
centration. A pH-edge experiment is generally conducted at
a fixed initial metal concentration of 100 mg/L in different pH
conditions (pH 2–9). Instead, isotherm studies with different
initial concentrations of metals (10–125 mg/L) were performed
with an ideal pH. Optimal pH and initial metal concentration
of 10 mg/L were performed in kinetic experiments. 0.1 mL
samples were taken from the mixture to produce the kinetic
results after a fixed duration.

The quantity of metal biosorbed by S. wightii was deter-
mined using the following equation, dependent on the dis-
crepancy between the volume of metal in S. wightii and the
concentration of metal after sorption,

Q = V (Co – Ce)/M (1)
when Q is the sorbent capacity (mg/g), V is the sorbate vol-
ume (L), Co, and Ce are the initial and equilibrium metal in
the solution (mg/L), and M the weight of S. wightii (g). After
the biosorption test, metal-loaded S. wightii was filtered and
eventually exposed in an Erlenmeyer flask to many elutant
solutions for desorption studies. 50 mL of elutant solution
was used to obtain the required concentration. The material
was agitated for 60 min at 150 rpm.  After filtration, AAS was
used to assess the metal content of the supernatant for des-
orption. Desorption efficiency was calculated by comparing
the solution metal ions after desorption with the initially
bonded metal ions with the biosorbent. Non-linear regres-
sion using Sigma Plot (V4.0, SPSS, USA) evaluated the iso-
therm and kinetic model parameters.
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Characterization of S. wightii:
A Fourier IR spectrometer transform (Perkin-Elmer, Spec-

trum RX1) was used to evaluate the process of metal extrac-
tion by S. wightii and the presence of functional groups. The
samples were provided KBr as pellets. The samples were
cleaned, filled with a fine gold coat, and then examined with
a scanning electron microscope (JEOL JSM 6360, Japan)
before/after ion adsorption to understand algal surface mor-
phology and the S. wightii sorption removal process. The
pore radius, diameter, and surface area were determined by
the Brunauer-Emmett-Teller Multipoint Analyzer (AutosorbiQ
Station 1).

Results and discussion
Effect of pH:

boxylate and sulphonate groups are prevalent in numerous
functional groups of S. wightii. The small pH and negative
functional groups are prorogated by H+ ions and reaction to
positive metal ions of Pb2+, Ni2+ and Zn2+. As the pH was
increased, the number of H+ ions reduced, and positive metal
ions combined with the negatively charged S. wightii binding
sites22. pH greatly affects the speciation of heavy metal ions.
Heavy metal ions studied at acidic pH levels (pH  5) show
Pb(II), and Ni(II) as divalent except for Zn(II). Pb(II) and Ni(II)
are precipitated at pH values greater than 5 and studies have
not been performed above this level for these two metal ions.

Analyzing Fig. 1 shows that S. wightii biosorbed Pb2+

followed by Zn2+ and Ni2+. The attraction to a specific metal
ion may be associated with its atomic weight, ion radius, and
electron characteristics. The weight of an atom is in the range
of Pb (207.2) > Zn (65.4) > Ni (58.7). Conversely,  the range
for ionic radii, is Pb (119) > Zn (74) > Ni (70) and electrone-
gativity reduced in a range of Pb (2.33) > Ni (1.91) > Zn
(1.65). The study consumption of Pb (18.65 mg/g) > Zn (18.40
mg/g) > Ni (17.46 mg/g) was in optimum pH. So a strong
association between metal ion biosorption in size and metal
properties (atomic weight and ionic radii) was established.
Even though Zn electronegativity was less probable relative
to the other metals measured, Zn was more biosorbed than
Ni due to its atomic weight and ion radii23.

Characterization studies of S. wightii:

Fig. 1. Influence of equilibrium pH on the metal absorption potential
of S. wightii.

The pH solution plays an essential role in the measure-
ment of sorbent biosorption. pH is influenced by surface
charge, ionization intensity, and functions of surface groups
as well as sorption metal ions21. Metal removal was first ana-
lyzed at equilibrium pH and the results are shown in Fig. 1.
With a pH rise from 2 to 9, the percentage of seaweed after
elimination of all metal ions became clear with the decrease
in pH equilibrium. The reason for this activity was the func-
tional groups of S. wightii and speciation of metal ions at
different pH levels. The brown algae cell wall primarily con-
sists of polysaccharides including carrageenan and agar. Car-

Fig. 2. FTIR spectra of virgin and metal-loaded S. wightii.

FTIR spectroscopy analysis of sorption studies was ex-
tensively used to detect changes in the frequency rate of



Vijayaraghavan et al.: Sequestration of Pb(II), Ni(II) and Zn(II) biosorption onto brown seaweed Sargassum wightii etc.

2227

sorbents and to detect functional groups for the removal of
metal ions. In the current analysis, it focused on prior reports
that FTIR spectroscopy peaks are attributed to different func-
tional groups. Some chemical classes which include carboxy-
lic, amino, sulfonated, and hydroxyzine were evaluated by
seaweed24. Fig. 2 illustrates the virgin seaweed FTIR spec-
tra together with S. wightii loaded with metal. Virgin S. wightii
had many absorption levels, demonstrating the dynamic ex-
istence of the biosorbent. The seaweed before adsorption
displayed peaks at 3352.46 cm–1 (-OH, -NH stretching),
2922.96 cm–1 (asymmetric CH2 stretching), 2351.21 cm–1

(-P-H- group), 1614.31 cm–1 (asymmetric C=O stretch of
COOH), 1461.64 cm–1 (symmetric C=O), 1225.45 cm–1

(C-O (COOH) stretch), 1194.73 cm–1 (C=C stretching) and
1072.78 cm–1 (C-O (alcohol) band) (Fig. 2). This movement
of metal ions in tandem with natural ion species on the biom-
ass surface created adjustments to the wavenumbers de-
tected. Carboxylate biomass was a significant element in
metal binding as demonstrated by shifts in peak wave-
numbers25. Major improvements were specially observed with
asymmetric and symmetric C=O and C-O stretches in metal-
loaded versus virgin S. wightii (Table 1). Additionally, sulpho-
nate group involvement was verified when symmetric and
asymmetric-OSO3 bands were detected with significant
changes as opposed to virgin S. wightii  (Table 1). The find-
ings demonstrated the presence of acidic groups in the bonds
of heavy metal ions (carboxyl and sulphonate)26.

Fig. 3 reveals SEM pictures of virgin and Pb-charged S.
wightii. The virgin surface of S. wightii was composed of so-
dium and other salt crystalloid deposition protuberances and

microstructures. After biosorption, the seaweed’s surface was
smooth for all metal ions tested in contrast to the virgin state
of algae. EDX reports (Fig. 3) were also used to analyze the
samples. High Na and K peaks were reported in virgin al-
gae27 and S. wightii acquired these ions from seawater. Fast
Pb peaks were observed in the Pb-loaded S. wightii sample.
In Fig. 3(b), Na peaks disappeared and their frequencies
dropped relative to virgin seaweed, indicating that the mecha-
nism of metal exchange was metal removal where light metal
ions were exchanged for the captured metal ions during
biosorption28. The same results were obtained for other metal
ions before/after adsorption mechanisms.

Effect of time on metal uptake by S. wightii:
Fig. 4 demonstrates Pb, Ni, and Zn’s kinetics of

biosorption. S. wightii’s biomass allowed the quick t removal
of all metal ions under experimental conditions. For all metal
ions, S. wightii reached 99% complete elimination in 90 min.
Following this initial rapid process, a comparatively gradual
improvement contributed to a 120-min equilibrium, as seen
by a plateau. Therefore, to determine biosorption isotherms,
a contact time of 4 h was chosen. The initial rapid period (up
to 90 min) may be due to the existence of vacant binding
sites during the early stages that can be filled with metal
ions. As time passes, repulsive forces between solute mol-
ecules during the strong and bulk process render it impos-
sible for the remaining vacant places to be occupied29,30.
No major variations were found when comparing the con-
centrations of the three metal ions (Fig. 4).  However, ad-
sorption efficiency differed for each metal ion.

The experimental results were based on the pseudo-first

Table 1. Stretching frequencies observed in virgin and metal-loaded S. wightii
Functional group Wavenumber (cm–1)

Raw S. wightii S. wightii-Pb S. wightii-Ni S. wightii-Zn
-OH, -NH stretching 3352.46 3362.16 3352.46 3392.05
Asymmetric CH2 stretching 2922.96 2981.37 2912.36 2922.96
-P-H- group 2351.21 2287.84 2258.32 2371.50
Asymmetric C=O stretch of COOH 1614.31 1614.31 1693.20 1604.61
Symmetric C=O 1461.64 1451.94 1431.75 1461.64
C-O (COOH) stretching 1225.45 1235.05 1235.05 1215.85
C=C stretching 1194.73 1145.91 1145.91 1135.22
C–O (alcohol) band 1072.78 1033.66 1043.26 1092.08
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models are listed below,
Pseudo-first order model: Qt = Qe (1 – exp (–k1t)) (2)

Qe
2k2t

Pseudo-second order model: Qt = ————— (3)
1 + Qek2t

Qt is the sorption capacity at any time t (mg/g), Qe is the
sorption capacity in equilibrium time (mg/g), and k1 the con-
stant of pseudo-first order (min–1)31,32. Table 2 introduces
the model constants along with the correlation coefficient (R2)
values. Throughout pseudo-first order simulations, experi-
mental kinetics with very high R2 values were shown (Table
2). The value of Qe was expected in the following order: Pb >
Zn > Ni. Qe values from the experiment were 53.143, 51.021,
and 49.128 mg/g, for Pb, Zn, and Ni as predicated, respec-
tively. It is because of a time lag, likely due to a boundary
layer or external resistance regulating the initial step of the
sorption cycle that resulted in variations in the forecast33. In
comparison, Qe values were over predicted in the experi-
ment for second order kinetics (Table 2). Several reports
showed that the Pseudo model appears to overestimate Qe

Fig. 3. SEM and EDX images of (a) virgin and (b) Pb-loaded S. wightii.

Fig. 4. Kinetics of S. wightii toward Pb(II), Ni(II) and Zn(II) metal ions
concentration of 100 mg/L.

and second-order models to approximate the kinetics of metal
absorption and variations in biosorption kinetic speeds. The
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values. Fig. 4 shows kinetics curves in comparison with the
experimental kinetic data with pseudo-first and second-or-
der models. A Conceptual illustration of heavy metal sorp-
tion mechanisms on the surface of the biosorbent is given in
Fig. 5.

Biosorption isotherms:
Fig. 6 shows the Pb, Ni, and Zn equilibrium biosorption

by S. wightii. To evaluate the maximum saturation capability
of any sorbent, sorption isotherms are critical and are the
plot in the solution for the sorption uptake (Q) vs the equilib-

Table 2. Isotherm and kinetic model constants obtained during metal biosorption in S. wightii
Models Constants S. wightii-Pb S. wightii-Ni S. wightii-Zn
Langmuir Qmax 89.900 57.034 68.335

bL 0.203 0.122 0.168
R2 0.932 0.955 0.952

Freundlich KF 12.351 9.219 11.147
nf 0.658 0.543 0.613
R2 0.891 0.971 0.977

Sips KS 25.554 16.250 19.696
S 0.739 0.640 0.719
aS 0.644 0.607 0.632
R2 0.994 0.998 0.996

Toth Qmax 86.367 56.740 70.156
bT 0.224 0.110 0.158
nT 2.316 1.920 1.948
R2 0.997 0.999 0.998

Pseudo-first order Qe 53.143 49.128 51.021
k1 0.0526 0.0405 0.0463
R2 0.998 0.994 0.996

Pseudo-second order Qe 58.488 55.032 56.536
k2 0.0012 0.0009 0.0011
R2 0.991 0.992 0.991

Fig. 5. Conceptual illustration of heavy metal sorption mechanisms on the surface of the biosorbent.
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rium metal level (Ce). Different initial metal concentrations in
a range of 10–125 mg/L  were established in this analysis to
achieve optimum pH biosorption isotherms, which typically
rise dramatically during the initial phases, hitting the slightly
curved lines with greater initial metal concentrations. The
sharp rise in the initial phases is attributed to the moles of
metal ions, of readily accessible sites in the adsorbent. Im-
provement in the concentration of metal ions reduces the
ratio of the binding positions to metal ions moles34. Fig. 6,
reveals that all three metal ions provided a desirable slight
curved isotherm. It was obvious that the isotherm obtained
by Pb showed a steep slope accompanied by Zn and Ni. In
comparison, Pb (59.44 mg/g) > Zn (58.54 mg/g) > Ni (56.64
mg/g) were in the experimental uptake order.

Two and three-parameter models were used to compare
the experimental isotherms as follows,

Freundlich model: Q = KF Ce
1/nF (4)

QmaxbLCe
Langmuir model: Q = ————— (5)

1 + bLCe

QmaxbTCeToth model: Q = ————————— (6)
[1 + (bTCe)1/nT]nT

KSCe
s

Sips model: Qe = —————— (7)
1 + aSCe

s

Fig. 6. Toth model isotherms of different metal ions.

where Qmax is maximum sorption capacity (mg/g), bL is a
constant of Langmuir (L/mg), KF a  constant of Freundlich
(mg/g) (L/mg)1/nF, nF an exponent of Freundlich, KS a  con-
stant of Sips (L/g), aS the coefficient of Sips (L/mg), S an
exponent of Sips; bT a  constant of Toth (L/mg) and nT an
exponent of Toth. These models were selected for their simple
consistency and easy constants.

Table 2 displays the model constants. Originally, the
Langmuir model represented the experimental isotherm re-
sults. This model was able, with high correlation values (R2

> 0.932), to characterize the isotherm results. Originally for
gas absorption, the Langmuir concept was widely used for
biosorption. According to the model, that position preserves
one molecule and all sites are not dependent on the energy
of the adsorbed quantity. Moreover, the Langmuir model es-
timates the optimum potential of biosorption in any biomass
that cannot be reached during experiments35. S. wightii dis-
played a strong Pb Qmax value, accompanied by Zn and Ni
as shown in Table 2. In other terms, metal ion attraction to
the sorbent decreased with metal ion size. The Freundlich
model data was considerably lower than that of the Langmuir
model (Table 2). As the Freundlich isotherm is linear, only
small to moderate concentration levels can be fairly applied.
The concept was originally empirical, but, heterogeneous
surfaces or surface sites that support numerous affinities have
subsequently been interpreted36. Both the Freundlich iso-
therm constant (KF) and exponent (nF)  were reported high
for Pb, Zn, and Ni (Table 2) respectively.

For this analysis, three-parameter models were used to
improve the studies further. The Sips model, a combined
method for isotherm equations was developed by Freundlich
and Langmuir to simulate heterogeneous adsorption pro-
cesses. At low concentrations of solvents, the model de-
creases to Freundlich and forecasts the Langmuir formula at
high concentrations37. A successful prediction was obtained
with the use of the Sips variant of the experimental data (R2

> 0.994). The Sips isotherm constant (KS) model reported
high for Pb with three metal ions, followed by Zn and Ni. The
Sips function exponent (S), which implies that the isotherm
details are more of the Langmuir type than the Freundlich
type  is similar to unity (Table 2). The Toth model suggests
an asymmetrical quasi-Gaussian, energy distribution, while
most places are lower than their limit or the mean energy
adsorption38. Compared to other factors it was strong for Pb,
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followed by Zn and Ni, in a magnitude of the Toth model
isothermic constant. The Toth model defined the isotherm
metal biosorption data better, based on R2 > 0.997, and ex-
plains the expected curves in Fig. 6.

Desorption studies:

desorbed and the chelating agent is EDTA. EDTA has maxi-
mum desorption efficiency mostly at neutral pH but losses
its chelating effect in acidic and base conditions. This may
result in less desorption efficiency.

Conclusion
The following conclusions were arrived at from the  cur-

rent study,
(a) We studied brown seaweed Sargassum wightii as an

important sorbent for the removal of Pb(II), Ni(II) and Zn(II)
ions.

(b) Results from experiments showed that S. wightii’s
biosorption ability with pH 5, 4, and 8 for Pb, Ni, and Zn were
highly influenced by pH for maximal ions elimination.

(c) SEM and FTIR analysis was used to understand the
removal process mechanism. Toth isotherm model data re-
vealed that S. wightii had a higher adsorption capacity of Pb
(86.37 mg/g), accompanied by Zn (70.16 mg/g) and Ni (56.74
mg/g).

(d) Biosorption kinetics for all metal ions was observed
rapidly with equilibrium within 90 min.

(e) Elution efficiency greater than 97% desorbed metal
ions in S.wightii were successful with 0.01 M HCl. This sea-
weed-based treatment is an attractive and viable technique
to extract Pb(II), Ni(II), and Zn(II) from wastewater with easy
access, high biosorption efficiency, fast removal, and quick
desorption.
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