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Abstract
This work aims to characterize biosorbent materials based on seaweed present on the littoral of Baixada Santista (São Paulo
state, Brazil), and test their adsorption properties to remove heavy metal cations (Co+2, Pb+2, and Cd+2) in water, aiming its
future application in situ remediations degraded ecosystems. Three types of natural seaweed were studied: Sargassum sp, Ulva
lactuca, and Padina sp. These biosorbents were collected, pretreated, and modified by two chemical treatments: 1) Protonation
with HCl, and, 2) Oxidation with KMnO4. The preliminary results showed that the Ulva lactuca is promising for the adsorption
of heavy metal cations in water, which is also very attractive due to its great availability in the ecosystem, and it is renewable.
The biosorbents (natural and modified by chemical treatments) were characterized by Fourier Transform Infrared Spectroscopy
(FTIR), and by Scanning Electron Microscopy (SEM). The best heavy metal removal values for the best biosorbent Ulva lactuca
(after chemical treatment) were: 65 mg.g−1 for Co (II), 71 mg.g−1 for Cd(II), and 78 mg.g−1 for Pb(II).
Keywords: biosorption, Co (II), Pb(II), Cd (II); Sargassum sp; Ulva lactuca; Padina sp.

Resumen
Este trabajo tiene como objetivo caracterizar materiales biosorbentes a partir de algas presentes en las playas de Baixada Santista
(estado de São Paulo, Brasil) y probar sus propiedades de adsorción para eliminar cationes de metales pesados (Co+2, Pb+2 y
Cd+2) en agua, con miras a su futura aplicación en remediaciones in situ de ecosistemas degradados. Se estudiaron tres tipos
de algas naturales: Sargassum sp, Ulva lactuca y Padina sp. Estos biosorbentes fueron recolectados, pretratados y modificados
mediante dos tratamientos químicos: 1) Protonación con HCl, y 2) Oxidación con KMnO4. Los resultados preliminares mostraron
que la Ulva lactuca es prometedora para la adsorción de cationes de metales pesados en el agua, lo que también es muy atractivo
por su gran disponibilidad en el ecosistema, y es renovable. Los biosorbentes (naturales y modificados por tratamientos químicos)
se caracterizaron por Espectroscopía Infrarroja por Transformada de Fourier (FTIR) y Microscopía Electrónica de Barrido (SEM).
Los mejores valores de remoción de metales pesados para el mejor biosorbente Ulva lactuca (después del tratamiento químico)
fueron: 65 mg.g−1 para Co (II), 71 mg.g−1 para Cd(II) y 78 mg.g−1 para Pb(II).
Palabras clave: biosorción, Co (II), Pb (II), Cd (II); Sargassum sp; Ulva lactuca; Padina sp.
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1 Introduction

The advance of industrialization has resulted in several
environmental problems, among them the presence of
heavy metals in terrestrial and coastal environments
(Lavado-Meza et al. 2021). Particularly, effluents
containing heavy metal cations are a big challenge,
since they are considered toxic to the environment
and humans, also, they are difficult to diminish by
conventional water treatment processes. Heavy metals
are persistent in the environment as they cannot be
degraded and, they accumulate through the food chain
offering risks to the health of the population. Excess
metals in organisms can cause changes in growth,
disturbances in behavior and reproduction, unwanted
cell mutation, etc. (Azevedo et al., 2009).

The wastewater of the cadmium-nickel batteries,
the metal plating industry, and mining, are principal
sources of cadmium in water. Lead accumulates in the
brain, bones, and kidney, therefore it is hazardous even
in small amounts. Battery manufacture is the major
source of lead pollution. According to the Agency for
Toxic Substances and Disease Registry (ATSDR) of
the U.S. Department of Health and Human Services,
the permissible limits in drinking water are 0.005
mg.L−1 for Cd (ATSDR, Cadmium), 5 mg L−1 for
Co (ATSDR, Cobalt) and 0 mg.L−1 for Pb (ATSDR,
Lead).

Baixada Santista is a region of the south coast
of São Paulo state in Brazil; Santos city (part of
Baixada Santista region) has the largest port in
Latin America, and their neighboring cities have
chemical and petrochemical industries, with growing
oil production. In this context, finding technologies
to diminish problems caused by activities of local
factories (which favor the deterioration of water
quality) is very important and necessary.

Biosorption is a process of metallic cation
uptake where cations are adsorbed on the surface
of biological solid material. Such solids can be
for example seaweeds, lignocellulosic materials,
among other macrophytes, they are usually used
in their immobilized form (or commonly known
as a dead plant). Biosorbents are characterized by
functional groups (such as -OH, CO-OH, C=O,
among others) present in the cell wall of the plant,
they act as binding sites for the adsorption of
cations, with a relatively uniform distribution. The
biosorbents derived from seaweed are very attractive
because they are environmentally friendly, not toxic,

abundant (some species, in some regions of Brazil),
biodegradable, and renewable (Bulgariu et al. 2012ab;
Lima and Asencios, 2021).

Ibrahim et al. (2016) reported the use of dead
Ulva lactuca and its respective carbon, reaching values
of heavy metal adsorption of: 62.5 mg.g−1 (dead
biomass) and 84.61 mg.g−1 (carbon) for Cd(II), 68.92
mg.g−1 (dead biomass) and 83.34 mg.g−1 (carbon)
for Pb (II). Asnaoui et al. (2015) reported the use
of dead Ulva lactuca, they treated the dead biomass
with an aqueous solution of nitric acid, they reported
the biosorption capacity of Ulva lactuca for Cd(II)
of 3.02 mg/g. Similarly, Ghoneim et al. (2014) used
dead Ulva lactuca for Cd(II) removal, they reported
the maximum removal value of 29.1 mg.g−1.

Despite there are various works that reported the
use of dead Ulva lactuca, there is no consensus
regarding the adsorption capacity (mg.g−1) for heavy
metal removal. Even though the biomass can be
classified as the same species, as reported by other
authors, the uptake of heavy metal capacity may not
be the same because it also depends on the chemical
composition of the seaweeds, the concentration of
functional groups presents on their cell wall, the close
vicinity where seaweed is collected, the degree of
pollution of its environment, among other factors.

In this work, some types of seaweed: Sargassum
sp., Ulva lactuca, and Padina sp., were collected
from the coast of Baixada Santista. Ulva lactuca
and Sargassum sp are very abundant in this region.
The seaweeds were treated aiming to improve
their adsorption properties; therefore, two types
of chemical treatments were studied: oxidation
with KMnO4 solution (to increase the number
of carboxylic groups), and protonation with HCl
(to increase the ion exchange capacity of the
functional groups). The adsorption capacity of
biosorbents was tested using aqueous solutions
containing heavy metal cations (Cd2+, Co2+, and
Pb2+). The biosorbents were characterized by Fourier
Transformed Infrared Spectroscopy (FTIR) and
Scanning Electron Microscopy (SEM). It is expected
that the present paper may be useful for the scientific
community and serve as a preliminary study for scale-
up studies.
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2 Materials and methods

2.1 Preparation of biosorbents

2.1.1 Collection and pre-treatment of seaweeds

Seaweeds were collected from Pernambuco beach,
near Mar Casado Island (in Guaruja city, São Paulo,
Brazil). The samples were washed several times with
clean water and with distilled water to remove visible
contaminants as well as other marine organisms, shell
remains, and other debris. The clean seaweeds were
subsequently dried at 80ºC (for 10 hours), macerated,
and then sieved in Nº40 mesh (0.42 mm <).

2.1.2 Chemical Treatment 1: Oxidation with
Potassium Permanganate (KMnO4)

In this procedure, 1 g of seaweed (obtained in the
previous procedure, a)) was mixed with 5 ml of
KMnO4 (10 mM) at 25 ºC (for 30 minutes, under
continuous magnetic stirring of 500 rpm). After such
treatment, the treated seaweed was filtered, washed
(until reach neutral pH) with distilled water, and dried
at 80 °C (for 8 hours).

2.1.3 Chemical Treatment 2: Protonation with
hydrochloric acid (HCl)

In this procedure, 1 g of seaweed (obtained in the
previous procedure, a)) was mixed with 120mL of HCl
(60 mM) at 25ºC (for 30 minutes, under continuous
magnetic stirring of 500 rpm). After such treatment,
the treated seaweed was filtered, washed (until reach
neutral pH) with distilled water, and dried at 80 °C
(for 8 hours).

2.2 Preparation of effluents

Synthetic effluent containing cobalt (Co2+, Cd2+,
Pb2+)

Artificial effluents containing each heavy metal
cation (Co2+, Cd2+, Pb2+), 100 mg.L−1, separately,
were prepared. Their respective soluble salts
were used (Co(NO3)2·6H2O; Cd(NO3)2·6H2O;
Pb(NO3)2·6H2O, respectively), and in distilled water.

2.3 Characterization of biosorbents

The biosorbents were characterized by Fourier
Transform Infrared Spectroscopy (FTIR) analysis, and

by Scanning Electron Microscopy (SEM) analysis.
Before this analysis, the biosorbents were dried at
60ºC for 24h. The analyses were performed using
a Varian-Agilent 640-IR FT-IR spectrometer in ATR
mode. The SEM analyzes were performed in an FEI
Quanta 250 Microscope using a current of 10kV.

2.4 Biosorption tests

These tests were carried out in beakers glass
containing 25 ml of each effluent (previously prepared
in 2.2)) and 0.0250 g of biosorbent (treated and
untreated), this relation leads to a proportion of 1 gram
of biosorbent per liter of effluent. Each suspension was
stirred (at 500 rpm) for 3 hours at room temperature
(25ºC). Subsequently, the solution was filtered using a
quantitative filter paper and stored for later analysis.
The equilibrium time was predetermined as 1 hour.
The pH of the effluent was that natural inherent of the
solution (5.5-6).

The quantification of heavy metal cations
in solution was performed by Optical Emission
Spectrometry with ICP-OES plasma (Varian), using
an analytical standard and a calibration curve.
This analysis determined the amount of heavy
metal present in the solution before and after the
tests. The percentage of heavy metal removed by
biosorbent (X%) was calculated as follows: X%
= ((M0 − M f )/M0) × 100; where M0 and M f
are the concentrations (mg.L−1) of each metal at
the beginning and the end of each experiment,
respectively.

Freundlich isotherm: is based on the assumption
that the surface of the adsorbent is energetically
heterogeneous (composed of adsorption sites of
differing energies). The linearized equation is:

logqe = log K f +
1
n

logCe (1)

where qe (mg.g−1) means the amount of adsorbate
(in mg) retained per gram of adsorbent. Ce is the
concentration (mg.L−1) of adsorbate at equilibrium
time (previously determined). K f (related to the
adsorption capacity) and n (related to adsorption
intensity) are the Freundlich constants.

Langmuir isotherm: is based on the assumption
that all active sites of the adsorbent are equivalent.
Furthermore, this implies that the ability of a molecule
to interact with the referred active site (on the surface)
is independent of whether neighboring active sites are
occupied or not. In this case, adsorption is restricted to
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a monolayer. There are no lateral interactions between
adsorbed molecules. The linearized equation is:

Ce

qe
=

1
qmax ∗ b

+
1

qmax
Ce (2)

where Ce and qe were defined previously, qmax
(mg.g−1, related to the maximum adsorption capacity)
and b (L.mg−1, related to adsorption energy) are
Langmuir constants.

3 Results and discussion

3.1 Characterization of biosorbents
by Fourier Transform Infrared
Spectroscopy (FTIR)

3.1.1 Treatment with HCl

This treatment aimed to remove alkaline metal
cations such as Na, Ca, K, and Mg, present in the
polymeric structure of seaweed (Yang et al (1999);
Hayashi (2001)). The protonation is expected after this
treatment, as H+ ions may substitute the alkaline metal
cations that are bound to the functional groups present
in the seaweed. The FTIR spectra of seaweed before
and after HCl treatment are presented in Figures 1a-d.

The FTIR spectrum of natural Sargassum sp is
shown in Fig.1a. This spectrum shows a principal band
around 3400 cm−1 that is assigned to -OH and -NH
groups (Yang and Chen, 2008). This principal band
is composed of two well-defined peaks, suggesting
that these functional groups have some degree of
organization among polymeric chains of seaweed. Fig.
1a also shows that the FTIR spectrum of Sargassum sp.
is slightly different from Sargassum sp. treated with
HCl. The main band located around 3400 cm−1 of the
spectrum for this latter one is amorphous, which may
indicate that the acid treatment may have modified the
chemical environment of -OH and -NH groups, as a
result of the removal of alkali cations by HCl, such
cations are bond to the referred groups, and are present
between the polymer chains of seaweed (Chen and
Yang 2005).

a)
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Figure 1a. FTIR results of Sargassum sp. seaweed, before and after HCl treatment. 181 
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The FTIR spectrum of natural Sargassum sp is shown in Fig.1a. This spectrum shows a 183 
principal band around 3400 cm-1  that is assigned to -OH and -NH groups [Yang and Chen, 184 
2008]. This principal band is composed of two well-defined peaks, suggesting that these 185 
functional groups have some degree of organization among polymeric chains of seaweed. 186 
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modified the chemical environment of -OH and -NH groups, as a result of the removal of 190 
alkali cations by HCl, such cations are bond to the referred groups, and are present between 191 
the polymer chains of seaweed [Chen and Yang 2005]. 192 
The peak at 2940 cm-1  is related to the -CH group [Yang and Chen, 2008], this peak is present 193 
in natural and in HCl-treated Sargassum sp. spectra. The chemical treatment did not change 194 
this peak's shape. 195 
The peaks at 1640 cm-1 and 1425 cm-1 in the natural Sargassum sp. spectrum correspond to 196 
the carboxylic acid group in coordination with metal ions (COO-M bonds, where M 197 
represents metal cations such as Na+, K+, Ca2+, and Mg2+, which naturally exist in Sargassum 198 
sp) [Yang and Chen 2008; Chen and Yang 2005]. The HCl treatment modified these peaks 199 
shape, which is coherent because the HCl treatment aimed to remove the Na+, K+, Ca2+, and 200 
Mg2+ cations from this seaweed, thus demonstrating that the HCl treatment reached such 201 
purpose.  It is expected that HCl treatment enhances the adsorption properties of seaweed to 202 
remove heavy metal cations. 203 
In the spectrum of natural seaweed, the band starting from 1070 cm-1  to 1010 cm-1  is due to 204 
tension vibration of -CO of alcohol groups and carboxylic acids [Sheng et al. 2004; Yang 205 
and Chen, 2008]. The acid treatment also slightly affected the intensity of these bands. 206 
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Figure 1b. FTIR results of HCl-treated and natural Padina sp seaweed. 208 
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Figure 1b shows the Infrared spectrum (FTIR) of the HCl-treated and untreated Padina sp 210 
seaweed. In the spectrum of untreated seaweed, bands at 3392 and 1635 cm-1 correspond to 211 
hydroxyl and carboxylic groups, respectively [Silva et al. 2005, Sari and Tuzen, 2009].  The 212 
strong band at 3392 cm-1  can also be attributed to the flexion vibrations of the groups –OH 213 
and –NH. In the spectrum of untreated Padina sp seaweed, the band at 1090 cm-1, was 214 
attributed to the CO bond of alcohol groups and carboxylic acids (tension vibration) 215 
[Sheng et al. 2004; Yang and Chen, 2008]. The HCl treatment modified the intensity peaks 216 
located around 1090, 1635, and 3392 cm-1; probably caused by the lixiviation of the light 217 
metal cations, caused by the acidic treatment.  218 
The band at 2920 cm-1 can be attributed to vibrations of the –CH chains of the seaweed.  The 219 
band at 1635 cm-1 corresponds to the asymmetric tension vibration of the carboxylic group, 220 
and the symmetrical tension vibration band at 1457 cm-1. These bands suffered changes after 221 
the acidic treatment, as well. The spectra of untreated Padina sp. present a very small band 222 
around 1250 cm-1, which is characteristic of the group -SO3 in tension vibration, this group 223 
is characteristic of polysaccharide sulfonic acid such as fucoidan. After HCl treatment, the 224 
band around 1250 cm-1 became more intense, probably due to such acidic treatment exposing 225 
such a -SO3 group. 226 
 227 
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Figure 1c. FTIR results of natural and HCl-treated Ulva lactuca seaweed. 229 

In Figure 1c, the broadband at 3416 cm-1 shown in the FTIR spectrum of Ulva lactuca is due 230 
to the O-H bond of hydroxyl groups (the prolongation of the vibration from intermolecular 231 
and intramolecular hydrogen bond). After HCl-treatment this band was widened, meaning 232 
that the treatment affected these groups, as expected. 233 

The weak band located at 2950 cm-1 results from stretching of C-H groups, after HCl 234 
treatment, this peak became a stronger one at 2925 cm-1. The band at 1637cm-1 is attributed 235 
to the presence of uronic acids and the vibration of asymmetric stretching of the carboxyl 236 
groups; this band was intensified by HCl-treatment and detected at 1660 cm-1. 237 

The band located at 1448 cm-1 is due to the stretching of the carboxyl, ketones, and aldehydes 238 
groups. The band at 1122 cm-1   is attributed to the sulfate groups and the glycosidic bonds, 239 
these bands were intensified a lot after HCl-treatment (band located at 1050 cm-1). The 240 
spectra show the band at 852 cm-1, which would correspond to C-O-S flexion vibrations in 241 
the axial or equatorial positions (C-2 or C-3, respectively), which was intensified after HCl-242 
treatment. 243 

Similar to the observed in the Padina sp seaweed, the spectrum of treated Ulva lactuca 244 
seaweed presents a discrete band at 1250 cm-1, which is characteristic of the group -SO3 in 245 
tension vibration, this group is characteristic of the polysaccharide sulfonic acid, such 246 
as fucoidan. This band became more intense after HCl treatment. 247 

 248 

FTIR Analysis of biosorbents treated with KMnO4. 249 
The FTIR spectra of seaweed before and after KMnO4 treatment are shown in Figures 2a-250 
c. In resume, the long band between 3500-3300 cm-1, common for all seaweed profiles, 251 
indicates the presence of the -OH group of the corresponding C-O-H bond. All seaweed 252 
profiles showed a strong signal, especially Padina sp seaweed, at intervals between 1300-253 
1000 cm-1 and, another around 1650 cm-1, which are attributed to CO bond [Basha et al. 254 
2008]. These peaks are related to the presence of functional groups such as alcohols, 255 

Figure 1. a) FTIR results of Sargassum sp. seaweed,
before and after HCl treatment. b) FTIR results
of HCl-treated and natural Padina sp seaweed. c)
FTIR results of natural and HCl-treated Ulva lactuca
seaweed.

The peak at 2940 cm−1 is related to the -CH
group (Yang and Chen, 2008), this peak is present in
natural and in HCl-treated Sargassum sp. spectra. The
chemical treatment did not change this peak’s shape.

The peaks at 1640 cm−1 and 1425 cm−1 in the
natural Sargassum sp. spectrum correspond to the
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carboxylic acid group in coordination with metal ions
(COO-M bonds, where M represents metal cations
such as Na+, K+, Ca2+, and Mg2+, which naturally
exist in Sargassum sp) (Yang and Chen 2008; Chen
and Yang 2005). The HCl treatment modified these
peaks shape, which is coherent because the HCl
treatment aimed to remove the Na+, K+, Ca2+, and
Mg2+ cations from this seaweed, thus demonstrating
that the HCl treatment reached such purpose. It is
expected that HCl treatment enhances the adsorption
properties of seaweed to remove heavy metal cations.

In the spectrum of natural seaweed, the band
starting from 1070 cm−1 to 1010 cm−1 is due to
tension vibration of -CO of alcohol groups and
carboxylic acids (Sheng et al. 2004; Yang and Chen,
2008). The acid treatment also slightly affected the
intensity of these bands.

Figure 1b shows the Infrared spectrum (FTIR) of
the HCl-treated and untreated Padina sp seaweed. In
the spectrum of untreated seaweed, bands at 3392
and 1635 cm−1 correspond to hydroxyl and carboxylic
groups, respectively (Silva et al. 2005, Sari and Tuzen,
2009). The strong band at 3392 cm−1 can also be
attributed to the flexion vibrations of the groups -
OH and -NH. In the spectrum of untreated Padina
sp seaweed, the band at 1090 cm−1, was attributed to
the CO bond of alcohol groups and carboxylic acids
(tension vibration) (Sheng et al. 2004; Yang and Chen,
2008). The HCl treatment modified the intensity peaks
located around 1090, 1635, and 3392 cm−1; probably
caused by the lixiviation of the light metal cations,
caused by the acidic treatment.

The band at 2920 cm−1 can be attributed to
vibrations of the -CH chains of the seaweed. The band
at 1635 cm−1 corresponds to the asymmetric tension
vibration of the carboxylic group, and the symmetrical
tension vibration band at 1457 cm−1. These bands
suffered changes after the acidic treatment, as well.
The spectra of untreated Padina sp. present a very
small band around 1250 cm−1, which is characteristic
of the group -SO3 in tension vibration, this group
is characteristic of polysaccharide sulfonic acid such
as fucoidan. After HCl treatment, the band around
1250 cm−1 became more intense, probably due to such
acidic treatment exposing such a -SO3 group.

In Figure 1c, the broadband at 3416 cm−1 shown
in the FTIR spectrum of Ulva lactuca is due to the
O-H bond of hydroxyl groups (the prolongation of
the vibration from intermolecular and intramolecular
hydrogen bond). After HCl-treatment this band was
widened, meaning that the treatment affected these
groups, as expected.

The weak band located at 2950 cm−1 results from
stretching of C-H groups, after HCl treatment, this
peak became a stronger one at 2925 cm−1. The band
at 1637cm−1 is attributed to the presence of uronic
acids and the vibration of asymmetric stretching of
the carboxyl groups; this band was intensified by HCl-
treatment and detected at 1660 cm−1.

The band located at 1448 cm−1 is due to the
stretching of the carboxyl, ketones, and aldehydes
groups. The band at 1122 cm−1 is attributed to
the sulfate groups and the glycosidic bonds, these
bands were intensified a lot after HCl-treatment (band
located at 1050 cm−1). The spectra show the band at
852 cm−1, which would correspond to C-O-S flexion
vibrations in the axial or equatorial positions (C-2 or
C-3, respectively), which was intensified after HCl-
treatment.

Similar to the observed in the Padina sp seaweed,
the spectrum of treated Ulva lactuca seaweed presents
a discrete band at 1250 cm−1, which is characteristic
of the group -SO3 in tension vibration, this group is
characteristic of the polysaccharide sulfonic acid, such
as fucoidan. This band became more intense after HCl
treatment.

3.1.2 FTIR Analysis of biosorbents treated with
KMnO4

The FTIR spectra of seaweed before and after KMnO4
treatment are shown in Figures 2a-c. In resume, the
long band between 3500-3300 cm−1, common for all
seaweed profiles, indicates the presence of the -OH
group of the corresponding C-O-H bond. All seaweed
profiles showed a strong signal, especially Padina sp
seaweed, at intervals between 1300-1000 cm−1 and,
another around 1650 cm−1, which are attributed to CO
bond (Basha et al. 2008). These peaks are related to
the presence of functional groups such as alcohols,
carboxylic acids, and alginic acids; the latter being
related to brown algae. These groups play an important
role in the adsorption of the cations in water. All
seaweed also showed a small peak around 2900 cm−1

which corresponds to the vibration of the asymmetric
CH2 bond.

Fig. 2a shows the FTIR spectra of Sargassum sp.
before and after KMnO4 treatment. As described in
the previous section, the spectrum of the untreated
Sargassum sp. shows bands around 3400 cm−1 that are
assigned to -OH (and -NH groups) (Yang and Chen,
2008). Additionally, the peaks at 1640 cm−1 and 1425-
1467 cm−1 in the natural Sargassum sp. correspond to
the coordination of the carboxylic acid group with a)
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Figure 2. FTIR results of seaweed: a) Sargassum sp. before and after KMnO4 treatment. 261 

Fig. 2a shows the FTIR spectra of Sargassum sp. before and after KMnO4 treatment. As 262 
described in the previous section, the spectrum of the untreated Sargassum sp. shows bands 263 
around 3400 cm-1  that are assigned to -OH (and -NH groups) [Yang and Chen, 2008]. 264 
Additionally, the peaks at 1640 cm-1 and 1425-1467 cm-1 in the natural Sargassum sp. 265 
correspond to the coordination of the carboxylic acid group with light metal cations (such as 266 
Na+, K+, Ca2+, and Mg2+) which naturally exist in seaweeds [Yang and Chen 2008; Chen and 267 
Yang 2005]). The bands detected from 1070 cm-1  to 1010 cm-1  are due to tension vibration of 268 
-CO of alcohol groups and carboxylic acids (-COOH); in the spectrum of natural seaweed 269 
[Sheng et al. 2004; Yang and Chen, 2008]. After treatment with KMnO4, the shape of these 270 
bands changed, thus indicating that the basic treatment influenced the chemical environment 271 
of these groups (-COOH, -OH, and -NH) (for example by lixiviation of metal cations or by 272 
oxidation of these groups). 273 

The peak at 2940 cm-1  is related to the -CH group [Yang and Chen, 2008], the shape of this 274 
peak also changed in Sargassum sp. after KMnO4-treatment. 275 
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Figure 2b shows the Infrared spectrum (FTIR) of the KMnO4-treated and untreated Padina 279 
sp. As previously explained, in the spectrum of untreated seaweed, the bands at 3392 and 280 
1635 cm-1 correspond to hydroxyl and carboxylic groups, respectively [Silva et al. 2005; Sari 281 
and Tuzen, 2009]. The band at 1635 cm-1 corresponds to the asymmetric tension vibration of 282 
the carboxylic group (-COOH), and the symmetrical tension vibration band is detected at 283 
1457 cm-1.  The wide and intense band at 3392 cm-1  can also be attributed to the flexion 284 
vibrations of the groups –OH and –NH. The band at 1090 cm-1, was attributed to the C=O 285 
bond of alcohol groups (C-OH) and carboxylic acids (-COOH) (tension vibration) [Sheng et 286 
al. 2004; Yang and Chen, 2008].  The band at 2920 cm-1 can be attributed to vibrations of the 287 
–CH chains of the seaweed.  The KMnO4 treatment modified the intensity (and the shape) of 288 
all these peaks (located around 1090, 1635, 2920, and 3392 cm-1). This is probably, due to 289 
KMnO4 treatment causing oxidation reactions, as well as lixiviation of the light metal cations 290 
present in the natural seaweed.  291 
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The FTIR profiles of seaweeds suffer some changes after treatment with KMnO4. In the 295 
samples of Ulva lactuca and Padina sp. the FTIR profiles showed a narrowing of the 296 
signals. According to the reported by Jeon et al. [2002] who treated alginic acid with 297 
KMnO4, the difference of the signal around 1700 cm-1, which indicates the presence of the 298 
CO bond (from the carboxylic group) that can be associated with the increase of this group 299 
due to oxidation reaction. The difference observed in the band at 2850-3000 cm-1, which 300 
indicates the existence of the CH bond, suggests that there was oxidation of the hydroxyl 301 
group, increasing the concentration of CH bonds. The seaweed Sargassum sp. showed the 302 
stronger intensity of these bands after treatment.        303 

The spectrum of untreated Ulva lactuca and Padina sp. presents a very small band at 1250 304 
cm-1, which is characteristic of the group -SO3 in tension vibration, this group is characteristic 305 
of the polysaccharide sulfonic acid, such as fucoidan.  306 

 307 

3.2. Biosorption Tests  308 
Biosorption tests over seaweed treated with KMnO4. 309 
The chemical treatments applied to the seaweeds aimed to improve their adsorption 310 
properties, moreover, more stable adsorbents are expected [Mohammad et al.2011]. The 311 
results for the removal of Co(II) from water by the seaweeds are shown in Figure 3. 312 
According to these results, the natural samples of seaweeds showed the capacity to remove 313 
cobalt cations from the aqueous solution.  314 
The chemical treatment with KMnO4 caused different effects on every seaweed that 315 
influenced the removal of Co(II) capacity. For instance, KMnO4 treated-Sargassum sp. 316 
removed 24 % of Co(II), while the removal reported for KMnO4 treated-Padina sp. and 317 
KMnO4 treated-Ulva lactuca was 57% and 65%, respectively. These values showed clearly 318 
that the treatment of seaweed with KMnO4 increased the removal capacity of Co(II) of 319 

Figure 2. a) FTIR results of seaweed: a) Sargassum
sp. before and after KMnO4 treatment. b) Padina sp.
before and after KMnO4 treatment. c) Ulva lactuca
before and after KMnO4 treatment.

light metal cations (such as Na+, K+, Ca2+, and Mg2+)
which naturally exist in seaweeds (Yang and Chen
2008; Chen and Yang 2005)). The bands detected from
1070 cm−1 to 1010 cm−1 are due to tension vibration
of -CO of alcohol groups and carboxylic acids (-
COOH); in the spectrum of natural seaweed (Sheng

et al. 2004; Yang and Chen, 2008). After treatment
with KMnO4, the shape of these bands changed,
thus indicating that the basic treatment influenced the
chemical environment of these groups (-COOH, -OH,
and -NH) (for example by lixiviation of metal cations
or by oxidation of these groups).

The peak at 2940 cm−1 is related to the -CH group
(Yang and Chen, 2008), the shape of this peak also
changed in Sargassum sp. after KMnO4-treatment.

Figure 2b shows the Infrared spectrum (FTIR)
of the KMnO4-treated and untreated Padina sp. As
previously explained, in the spectrum of untreated
seaweed, the bands at 3392 and 1635 cm−1 correspond
to hydroxyl and carboxylic groups, respectively (Silva
et al. 2005; Sari and Tuzen, 2009). The band at
1635 cm−1 corresponds to the asymmetric tension
vibration of the carboxylic group (-COOH), and the
symmetrical tension vibration band is detected at 1457
cm−1. The wide and intense band at 3392 cm−1 can
also be attributed to the flexion vibrations of the groups
-OH and -NH. The band at 1090 cm−1, was attributed
to the C=O bond of alcohol groups (C-OH) and
carboxylic acids (-COOH) (tension vibration) (Sheng
et al. 2004; Yang and Chen, 2008). The band at 2920
cm−1 can be attributed to vibrations of the -CH chains
of the seaweed. The KMnO4 treatment modified the
intensity (and the shape) of all these peaks (located
around 1090, 1635, 2920, and 3392 cm−1). This is
probably, due to KMnO4 treatment causing oxidation
reactions, as well as lixiviation of the light metal
cations present in the natural seaweed.

The FTIR profiles of seaweeds suffer some
changes after treatment with KMnO4. In the samples
of Ulva lactuca and Padina sp. the FTIR profiles
showed a narrowing of the signals. According to the
reported by Jeon et al. (2002) who treated alginic acid
with KMnO4, the difference of the signal around 1700
cm−1, which indicates the presence of the CO bond
(from the carboxylic group) that can be associated
with the increase of this group due to oxidation
reaction. The difference observed in the band at
2850-3000 cm−1, which indicates the existence of
the CH bond, suggests that there was oxidation of
the hydroxyl group, increasing the concentration of
CH bonds. The seaweed Sargassum sp. showed the
stronger intensity of these bands after treatment.

The spectrum of untreated Ulva lactuca and
Padina sp. presents a very small band at 1250
cm−1, which is characteristic of the group -SO3 in
tension vibration, this group is characteristic of the
polysaccharide sulfonic acid, such as fucoidan.
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Padina sp. and Ulva lactuca, but Sargassum sp. This treatment was more beneficial for Ulva 320 
lactuca, this seaweed seems to be more promising for this application.  321 
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Figure 3. Results of Co (II) removal by KMnO4-treated and natural seaweeds (untreated). 324 

Some studies have shown that the treatment of seaweeds with KMnO4 can increase the 325 
adsorption capacity due to the increase of the carboxylic groups, which is one of the main 326 
groups involved in the biosorption process, in this case in the removal of Co (II) from 327 
water (Basha et a., 2008). According to the FTIR spectra (Figure 2), the carboxyl groups are 328 
present in the seaweeds and the treatment with KMnO4 affected the corresponding signals in 329 
the spectrum.  This fact may be the reason for the higher removal percent obtained by 330 
Ulva lactuca and Padina sp.  331 
Despite the FTIR spectrum of KMnO4-treated Sargassum sp showing strong peaks related to 332 
carboxyl groups, the chemical treatment was not beneficial. Probably the KMnO4 solution 333 
employed in the treatment of Sargassum sp was in excess, which results in oversaturating the 334 
number of adsorption sites, thus decreasing the removal % of Co (II).  335 
Henriques et al. [2019] found that the biosorption process over Ulva lactuca was efficient in 336 
removing various toxic metals (Hg, Cd, Pb, Cr, Ni, As, Cu, Mn) from water in concentrations 337 
of 0.05 to 2 mg.L-1. Their best results were reported with a proportion of biosorbent of 6 g.L-338 
1. The proportion of biosorbent used in the present research was 1 g.L-1  (see in Section 2.1 339 
of Materials and Methods). The results for Ulva lactuca shown in Figure 3 can be considered 340 
more efficient than those reported by Henriques et al. [2019], furthermore, the Cobalt 341 
removal (%) reached 65% with an initial solution of 100 mg.L-1 of Co (II) over only 1 g.L-1 342 
of biosorbent. In our study, only one dosage of adsorbent was tested, the optimization of the 343 
dosage of biosorbent should be carried out in further studies.  344 
 345 
 346 
 347 

Figure 3. Results of Co (II) removal by KMnO4-
treated and natural seaweeds (untreated).

3.2 Biosorption tests

3.2.1 Biosorption tests over seaweed treated with
KMnO4

The chemical treatments applied to the seaweeds
aimed to improve their adsorption properties,
moreover, more stable adsorbents are expected
(Mohammad et al.2011). The results for the removal
of Co(II) from water by the seaweeds are shown
in Figure 3. According to these results, the natural
samples of seaweeds showed the capacity to remove
cobalt cations from the aqueous solution.

The chemical treatment with KMnO4 caused
different effects on every seaweed that influenced the
removal of Co(II) capacity. For instance, KMnO4
treated-Sargassum sp. removed 24 % of Co(II), while
the removal reported for KMnO4 treated-Padina sp.
and KMnO4 treated-Ulva lactuca was 57% and 65%,
respectively. These values showed clearly that the
treatment of seaweed with KMnO4 increased the

removal capacity of Co(II) of Padina sp. and Ulva
lactuca, but Sargassum sp. This treatment was more
beneficial for Ulva lactuca, this seaweed seems to be
more promising for this application.

Some studies have shown that the treatment of
seaweeds with KMnO4 can increase the adsorption
capacity due to the increase of the carboxylic groups,
which is one of the main groups involved in the
biosorption process, in this case in the removal of
Co (II) from water (Basha et a., 2008). According
to the FTIR spectra (Figure 2), the carboxyl groups
are present in the seaweeds and the treatment with
KMnO4 affected the corresponding signals in the
spectrum. This fact may be the reason for the higher
removal percent obtained by Ulva lactuca and Padina
sp.

Despite the FTIR spectrum of KMnO4-treated
Sargassum sp showing strong peaks related to
carboxyl groups, the chemical treatment was not
beneficial. Probably the KMnO4 solution employed in
the treatment of Sargassum sp was in excess, which
results in oversaturating the number of adsorption
sites, thus decreasing the removal % of Co (II).

Henriques et al. (2019) found that the biosorption
process over Ulva lactuca was efficient in removing
various toxic metals (Hg, Cd, Pb, Cr, Ni, As, Cu, Mn)
from water in concentrations of 0.05 to 2 mg.L−1.
Their best results were reported with a proportion of
biosorbent of 6 g.L−1. The proportion of biosorbent
used in the present research was 1 g.L−1 (see in
Section 2.1 of Materials and Methods). The results
for Ulva lactuca shown in Figure 3 can be considered
more efficient than those reported by Henriques et al.
(2019), furthermore, the Cobalt removal (%) reached
65% with an initial solution of 100 mg.L−1 of Co (II)
over only 1 g.L−1 of biosorbent. In our study, only one
dosage of adsorbent was tested, the optimization of the
dosage of biosorbent should be carried out in further
studies.

Table 1. Langmuir and Freundlich parameters for the adsorption of Co(II) on seaweeds.

Langmuir Parameters (Co) Freundlich Parameters (Co)

Adsorption Co(II) qm (mg/g) b (L/mg) R2 K f n R2

Padina sp 56.8182 0.2973 0.9937 13.6962 3.0349 0.9519
Sargassum sp 59.8802 0.7952 0.9951 23.1100 3.9809 0.9818
Ulva lactuca 51.8135 0.2830 0.9931 11.2642 2.7196 0.9851
Padina_KMnO4 60.9756 0.3527 0.9922 17.2306 3.0572 0.9681
Sargassum_KMnO4 24.5700 0.5306 0.9967 13.3721 7.3046 0.9937
Ulva_KMnO4 65.3595 2.0400 0.9995 26.9712 3.4578 0.9099
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Figure 4. Results for Cd(II) and Pb (II) removal by HCl-treated and natural seaweed 381 
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The chemical treatments of biosorbents influence their adsorption capacities by modifying 383 
the functional groups responsible for the adsorption of heavy metal cations. The effect of 384 
chemical treatment on the adsorption capacity of biosorbents is not clear yet, because in some 385 
cases it increases or decreases adsorption properties. In the present study the chemical 386 
treatment with KMnO4 improved the adsorption capacity of Padina sp and Ulva lactuca 387 
(probably due to the increase in the carboxyl groups in the cell wall [Basha et al. 2008]), but 388 
not Sargassum sp (see Fig. 3).  Similarly, the chemical treatment using diluted HCl was 389 
beneficial for the adsorption capacity of all seaweeds of this study (probably such treatment 390 
caused the protonation of the biomass by releasing the pre-existing K+, Na+, Ca2+, and Mg2+ 391 
at the binding sites [Davis et al. 2003]). 392 
In general, the results described in the present article indicated that Ulva lactuca is promising 393 
for the biosorption of heavy metal cations (Cd(II), Pb(II)) from water. It is important to 394 
mention that such seaweed is found in great abundance, compared to the other seaweeds. 395 
Furthermore, Ulva lactuca is also an indicator of pollution (in the collection area), and its 396 
abundance would facilitate its possible application on a large scale in future water treatment 397 
studies. Ulva lactuca besides its high growth potential, Ulva lactuca offers an excellent 398 
capacity for nutrient assimilation, especially regarding high rates of ammonium (NH4+) 399 
assimilation, and grows well in eutrophic waters (which is an advantage for bioremediation 400 
purposes) [Nielsen et al. 2012]. 401 
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Figure 4. Results for Cd(II) and Pb (II) removal by HCl-treated and natural seaweed (untreated).

Table 1 shows the correlation of the biosorption of
Co(II) results with Freundlich and Langmuir models
(equations 1 and 2). According to this table, the
Langmuir model fits the data best (highest correlation
coefficient R2). According to the Langmuir model, the
adsorption process using seaweeds takes place by the
formation of a monolayer of adsorbate (Co2+) on the
surface of the adsorbent (which is reasonable since
the chemisorption is involved in this process, as will
be discussed in further paragraphs) (Asencios et al.
2012). Ulva_KMnO4 is the best biosorbent for Co(II)
removal among all materials tested in this work.

3.2.2 Biosorption tests over seaweed treated with
HCl

Figure 4 shows the removal % of Cd (II) from an
aqueous solution using seaweeds. According to these
values, the treatment of seaweeds with HCl increased
the adsorption capacity of seaweeds to remove Cd(II)
from water. Padina sp and Ulva lactuca recorded
the best removal values. Ulva lactuca is the most
promising biosorbent for such an application.

Figure 4 also shows the removal % of Pb (II)
from an aqueous solution using seaweeds. According
to these results, all the natural seaweeds presents good
adsorption properties to remove Pb(II). The chemical
treatment with HCl affected the adsorption of Pb(II) by
the seaweeds. The HCl treatment was more beneficial
for Ulva lactuca, as the chemical treatment, in this
case, led to the best removal Pb (II) values.

Comparing the results of removal % of Cd(II) and
Pb(II) using seaweeds (treated and untreated), it is
clear that seaweeds have more affinity for Pb(II) than
for Cd(II). This affinity may be due to factors such
as the ionic radius such as 1.19 Å for Pb2+ which

is greater than 0.95 Å for Cd2+, and the degree of
hydration of aqua-ions which is lower for Pb2+ than
for Cd2+ that would be favoring the adsorption of
Pb(II) on the functional groups present on the surface
of the seaweeds (Asencios et al. 2012).

The chemical treatments of biosorbents influence
their adsorption capacities by modifying the functional
groups responsible for the adsorption of heavy
metal cations. The effect of chemical treatment
on the adsorption capacity of biosorbents is not
clear yet, because in some cases it increases or
decreases adsorption properties. In the present study
the chemical treatment with KMnO4 improved the
adsorption capacity of Padina sp and Ulva lactuca
(probably due to the increase in the carboxyl groups in
the cell wall (Basha et al. 2008)), but not Sargassum
sp (see Fig. 3). Similarly, the chemical treatment using
diluted HCl was beneficial for the adsorption capacity
of all seaweeds of this study (probably such treatment
caused the protonation of the biomass by releasing the
pre-existing K+, Na+, Ca2+, and Mg2+ at the binding
sites (Davis et al. 2003)).

In general, the results described in the present
article indicated that Ulva lactuca is promising for the
biosorption of heavy metal cations (Cd(II), Pb(II))
from water. It is important to mention that such
seaweed is found in great abundance, compared to
the other seaweeds. Furthermore, Ulva lactuca is also
an indicator of pollution (in the collection area), and
its abundance would facilitate its possible application
on a large scale in future water treatment studies. Ulva
lactuca besides its high growth potential, Ulva lactuca
offers an excellent capacity for nutrient assimilation,
especially regarding high rates of ammonium (NH+

4 )
assimilation, and grows well in eutrophic waters
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Table 2. Langmuir and Freundlich parameters for the adsorption of Cd on seaweeds.

Langmuir Parameters (Cd) Freundlich Parameters (Cd)

Adsorption Cd(II) qm (mg/g) b (L/mg) R2 K f n R2

Padina sp 10.4932 0.3148 0.9759 7.3892 18.3688 0.6707
Sargassum sp 26.2467 0.6447 0.9989 13.4679 6.5445 0.9951
Ulva lactuca 28.4091 0.4156 0.9948 10.2967 4.1929 0.9691
Padina_HCl 10.7527 2.3134 0.9950 16.7109 3.3422 0.9635
Sargassum_HCl 34.7222 0.2595 0.9839 14.7197 5.6850 0.9711
Ulva_HCl 71.9424 1.0859 0.9982 26.0315 3.0656 0.9907

Table 3. Langmuir and Freundlich parameters for the adsorption of Pb on seaweeds.

Langmuir Parameters (Pb) Freundlich Parameters (Pb)

Adsorption Pb(II) qm (mg/g) b (L/mg) R2 K f n R2

Padina sp 51.0204 0.2068 0.9886 13.0828 3.2140 0.9705
Sargassum sp 55.2486 0.3627 0.9916 18.5481 3.9936 0.9716
Ulva lactuca 61.3497 0.3228 0.9933 13.5738 2.4582 0.9727
Padina_HCl 69.9301 0.3115 0.9852 19.2975 3.0102 0.9749
Sargassum_HCl 58.8235 0.3778 0.9861 19.9986 3.8417 0.9754
Ulva_HCl 78.1250 0.8421 0.9941 27.6439 3.0544 0.9889

(which is an advantage for bioremediation purposes)
(Nielsen et al. 2012).

Tables 2 and 3 show the correlation of the
biosorption of Cd(II) and Pb(II) results with
Freundlich and Langmuir models (equations 1 and
2). According to this table, the Langmuir model fits
the data best (highest correlation coefficient R2).
According to the Langmuir model, the adsorption
process using seaweeds takes place by the formation
of a monolayer of adsorbate (Cd2+ and Pb2+, in
each case) on the surface of the adsorbent (which is
reasonable since the chemisorption is involved in this
process, as will be discussed in further paragraphs)
(Asencios et al. 2012). Among the natural biosorbents
Ulva lactuca is superior to Padina sp and Sargassum
sp to remove Cd(II) and Pb(II), whereas, among
chemically modified biosorbents Ulva_HCl is superior
to the others biosorbents.

3.2.3 Possible mechanisms of biosorption of cations
of heavy metals on seaweeds

Seaweeds have good properties to remove heavy metal
cations given the structure of their cell wall, which
has functional groups that act through mechanisms
based on electrostatic attraction and complexation to
chemisorb metallic ions in water. Some seaweeds have
large amounts of polysaccharides (as in the case of the
Red-algae), and alginate (as in the case of the Brown-

algae), which enhances the biosorption process (Davis
et al., 2003).

Metallic cations chemisorb on functional groups
such as carboxylic -(CO-OH), amine (-NH3), hydroxyl
(-OH), phosphate (-PO3), among other groups present
on the cell wall of the biosorbents (Montazer-Rahmati
et al. 2011). The biosorption capacity of seaweeds
is directly related to the amount of these functional
groups. The cell wall is composed, among various
constituents, of alginate and fucoidan which content
the referred functional groups in their structure (Davis
et al. 2003). The carboxylic groups are one of the most
important active sites (Crist et al., 1981).

Gardea-Torresdey et al. (1990) conducted
experiments in which the carboxylic groups were
esterified with methanoic acid (which blocks the
action of the carboxyl groups present in the biomass).
This treatment decreased the biosorption of Cu and Al
by biomass. Such results led the authors to conclude
that the carboxylic group is the main responsible for
the removal of these metals from water.

Cid et al. (2015) studied Durvillaea antartica, and
used methanol in acidic media to block the carboxyl
groups present in the biomass. They found that Cu(II)
biosorption decreased 43.3% of the initial value.
Fourest et al. (1996) studied Sargassum fluitans, they
neutralized the carboxyl acid groups of the biomass by
treatment with propylene oxide, and they reported a
50% of reduction of the biosorption capacity of Cd(II)
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and Pb(II) ions.
Similar results were reported by Romero-González

et al. (2001), who studied the nature of the functional
group responsible for Cd(II) adsorption on seaweeds.
In this case, the carboxyl groups were esterified using
acidic methanol solution. The results of adsorption
experiments showed that the biosorption of Cd(II)
was reduced from 95% to 17%, suggesting that Cd
(II) binds principally to carboxyl groups. Furthermore,
the residual sorption of Cd(II) after esterification
indicated the presence of other cadmium binding sites;
as seaweed contains poly-uronates (alginates).

The carboxylic groups are generally the most
abundant acidic functional group in the brown algae
(ex. Sargassum); they constitute typically greater than
70% of active sites, in dried brown biomass. The
adsorption capacity of the seaweed is directly related
to the presence of these sites on the alginate polymer.
Alginate polymer comprises up to 40% of the weight
of the dried seaweed biomass. (Davis et al. 2003)

The role of carboxylic groups (-COOH) in the
adsorption process has been demonstrated by Fourest
et al. (1996)ab in their studies of removal of Cd (II)
and Pb (II) over dried Sargassum seaweed. According
to the report, Fourier-transformed infrared (FTIR)
spectral analyses showed that cadmium biosorption on
Sargassum arises from bridging or bidentate complex
formation with the carboxylate groups of the alginate,
this model was consistent with the “egg-box” model
proposed previously by Rees et al. (1982) and Thom et
al. (1982). Sulfonic acid groups play a secondary role
(except when adsorption takes place at low pH); on the
other hand, despite hydroxyl groups are less abundant,
they are present in all polysaccharides, and become
negatively charged at pH>10, therefore, playing a
secondary role in metal binding at low pH, as well
(Davis et al. 2003).

Although there is not a consensus about the
mechanism of adsorption over biosorbents (seaweeds
in this case), it is known that metal biosorption
follows complex mechanisms including ion exchange
(in which metallic cations compete with protons
for negatively charged sites) and complexation with
oxidation/reduction reactions. Owing to the complex
composition of seaweed, more than one of these
mechanisms are involved, these mechanisms are
influenced by the type of seaweed, the type of metal
ion, and the pH of the aqueous solution (Naja et al.
2010).

Studies reported by Romera et al.(2007) and
Bulgariu et al. (2012)a,b about the adsorption process
of heavy metal cations suggested that the dissociation

degree of carboxylic acid present in the cell wall is
strongly affected by the pH of the aqueous solution.
Furthermore, pH affects the speciation and solubility
of metal ions. Low pH decreases the adsorption
capacity because at this condition a large amount of
H+ ions in the solution compete with the cation metal
(present in the solution) for binding sites (Sheng et
al., 2004). In the case of the present manuscript, all
the experiments were carried out under the natural pH
of the effluent, in the range of 5.5-6 (as described
in Section 2.3 of Materials and Methods), and it
was observed during our experiments that the number
of hydrogen ions in the solution increased at the
final of the adsorption experiments because a slight
decrease of the pH of the solution was observed. This
decrease may be related to the ion metal removal,
and probably indicated that the proton exchanges
mechanism occurred.

Bulgariu et al. (2012) studied the biosorption
of Cd(II) using Ulva lactuca. An FTIR analysis of
the biosorbent before and after adsorption tests with
Cd(II) (in aqueous solution) showed that the bands
correspond to the carboxylic (-COOH), hydroxyl (-
C-OH) and amino (-NH3) groups suffered changes.
These analyzes indicate that these groups have a role in
the adsorption mechanism. Similar to the other reports
cited above, the carboxylic group was found to be the
main responsible for the biosorption process.

Given all these studies referred, we can suggest
that the same effects occurred during the biosorption
of our seaweeds (Padina sp., Ulva lactuca, and
Sargassum sp.). The purpose of washing the
seaweeds with diluted HCl was to produce the
displacement of light metals by protons on the biomass
surface. Moreover, the acid treatment can dissolve
polysaccharide compounds of the external cell wall
and create additional bonding sites of alginate, as was
seen in the seaweeds studied in this article (Padina sp.,
Ulva lactuca, and Sargassum sp) the HCl treatment
(under our experimental conditions) is a benefit.

In the case of KMnO4 treatment, such a process
benefits the biosorption properties of Ulva lactuca
and Padina sp. However, the contrary effect was
observed for Sargassum, as it seemed to lost active
sites after contact with KMnO4, which was similar
to the found by Figueira et al. (2000) when the
treatment was with NaOH. This is probably owing to
the treatment with an excess of oxidant. Therefore, to a
large extent, the polysaccharide compounds may have
been dissolved off the external cell wall. In agreement
with the reported by Romera et al. (2006; 2007), the
pretreatment of the biomass does not always improve
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Figure 5a. Scanning electron microscopy (SEM) image of natural Ulva lactuca seaweed. 522 
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 525 
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Figure 5b. Scanning electron microscopy (SEM) image of Ulva_HCl. 527 

Figure 5. a) Scanning electron microscopy (SEM)
image of natural Ulva lactuca seaweed. b) Scanning
electron microscopy (SEM) image of Ulva_HCl.

In some cases, the adsorption capacity decreases
by the solubilization of different components of the
biomass.

3.3 Characterization of biosorbents
by Fourier Transform Infrared
Spectroscopy (FTIR)

Figures 5a and 5b show the SEM images of Ulva
lactuca and Ulva_HCl seaweeds. This seaweed was
chosen because it registered the best performance
in the biosorption tests. The image of natural
Ulva lactuca seaweed showed the morphology of
continuous and regular sheets covered by fine and
solid blocks (distributed in the form of wires).
According to EDX analysis in this region, solid blocks
correspond to MgO.

The HCl treatment removed these solid blocks, as
can be observed in Figure 5b, the morphology of Ulva
lactuca is clean, and uniform spread and continuous
sheets can be observed.

Conclusions

• The natural seaweeds collected from the litoral
of Baixada Santista (Ulva lactuca, Sargassum
sp, and Padina sp. ) were characterized by
Infrared Spectroscopy (FTIR), showing the
main signals of -OH, COOH, C-OH that are
characteristic for each type of seaweed. The
chemical treatment of these seaweeds with
HCl and KMnO4 influenced the chemical
environment of these functional groups. This
was detected through FTIR signals.

• The treatment of seaweeds with HCl improved
the adsorption capacity to remove heavy metal
cations (Cd(II) and Pb(II)) of all the seaweeds
collected. The most promissory seaweed for this
process under HCl treatment was Ulva lactuca.
The seaweeds have more preference to remove
Pb(II) than Cd(II) from water.

• The treatment of seaweeds with KMnO4 slightly
improved the removal of heavy metal cations
(Cd(II)). This treatment was not beneficial for
Sargassum sp. Under these conditions, Ulva_
KMnO4 was the best sample for this process.

• The results of these preliminary tests
demonstrated that biosorption technologies
based on seaweed on Ulva lactuca (natural or
chemically modified) are very attractive, as it is
environmentally friendly, it is renewable, and it
is abundant in the collection site.

• The chemical treatments appointed in this report
have a cost that may not be attractive from an
economic point of view (special at a large scale).
The improvements of the adsorption capacity of
seaweed must be very significant to think about
in the implementation of chemical treatment of
seaweed for wastewater treatment. Additionally,
the chemical treatment should be considered in
case of the improvement of the physical stability
of seaweed granules is needed, in special for
column tests.
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