Rescarch

Asian Journal of Applied Chemistry Research

11(2): 23-30, 2022; Article no.AJACR.85421
T ISSN: 2582-0273

Adsorption Capacity of Lead (Il) (Pb®") in Aqueous
Solution by Brown Seaweed (Fucus spiralis)

J. 1. Bungudu ® and Lorrie M. Murphy®

® Department of Pure and Industrial Chemistry, Faculty of Science, Federal University Birnin Kebbi,
Kebbi State, Nigeria.
b Chemistry Unit, School of Natural Sciences, Bangor University, Wales, United Kingdom.

Authors’ contributions

The lab work was carried by author JIB and wrote the first draft while author LLM performed the
statistical analysis. Both authors read and approved the final manuscript.

Article Information
DOI: 10.9734/AJACR/2022/v11i230251

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/85421

Received 29 January 2022
Accepted 09 April 2022
Published 13 April 2022

Original Research Article

ABSTRACT

The sorption uptake of lead by marine brown alga Fucus spiralis was investigated in bimetallic
solutions. The experimental data fitted very well to Langmuir model. In bimetallic systems, the
affinity of biomass for lead and cadmium increased and the sorption uptake of these metals was
not affected by increasing concentrations. However, in solutions with both metals there was a
significant mutual decrease of their sorption levels at high concentrations of the other metal. There
is practical removal up to 100 + 4% for biomass dosage 4.0 +0.1 g which correspond to lowest
adsorbed amount of 0.25 + 0.1 mg/g. The highest adsorbed value was recorded with biomass
dosage 0.25 £ 0.1 g but with the lowest percentage removal of 92.50 + 6%. In this study at initial
metal concentration of 10 mg/L the highest metal removal of 96% was achieved.
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1. INTRODUCTION metals in water bodies may have a substantial
impact on microalgae, which are the primary food
Both essential and non-essential metals have supply for other plants and animals during their

been shown to accumulate in algae. Since the developmental phases [2]. Microscopic
1970s, scientists have been studying the use of photosynthetic algae can be found in both
algae for environmental monitoring [1]. Excess freshwater and seawater, and their
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photosynthetic activities are similar to those of
land plants. However, because of their smaller
cellular structure and the fact that they are
submerged in an aquatic environment with
abundant CO,, water, and other valuable
nutrients, they can more quickly convert solar
energy into biomass [3]. Microalgae are the first
rung in the food chain in aquatic systems, and
they collect extracellular polysaccharides such as
sheaths, capsules, and envelopes (mass
enclosing their cells) [3]. Fatty acids and lipids
make up the membranes of microalgae, which
serve as sources of energy, metabolites, and
storage products [3]. Both marine and freshwater
microalgae are extraordinarily efficient at
scavenging metals in world ecology, and they are
taxonomically diverse, having evolved over 500
million years. Many microalgae species are
valuable nutrients that can be utilised in microbial
metabolic processes at low concentrations [3].
Many metal ions have potential affinity for macro
algae such as green macroalgae, seaweed, and
their alginate derivatives [4].

Bio sorbents materials especially marine macro
algae-based species has been extensively
researched as an alternative option to replace
the conventional adsorbents. This is due to their
potentiality in removing pollutants from
wastewater and environment in a cost-effective
way. The ability of macro algae in metals
uptake from wastewater has been widely
recognised and based on chemical binding and
electrostatic attractions involving ion-exchange

[2].

Brown macroalgae has been reported to be an
excellent bio sorbent for heavy metals, in
comparison to other macroalgae algae (red and
green) and other types of commercially
adsorbent [2,3]. In this work, lead has been
exposed to Fucus spiralis for the uptake
capacity. Lead was chosen as an adsorbate for
this study due to its environmental impact. The
method used in this study was adapted from the
work of Filote et al. [4].

A brown macro alga with prominent midrib, pairs
of reproductive bodies on tips of fronds often
twisted. The fronds are measured 20 cm long
and 2 cm wide [5]. The fruiting bodies are inflated
and round. Moreover, the spiral twist is noticed
when this species is hanging down from the
rocks. Like F. vesiculosus, the colouration ranges
from olive — green to light brown [5]. The sexes
appear in same individual for reproduction and
these occurs at the branch apices [2]. The most
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common habitat of F. spiralis is rocky substrata
in the upper shore of sheltered shores [5].

There are many research publications on the
determination of the levels of heavy metal
contamination or pollution using various
analytical methods. Inductively coupled plasma
atomic emission spectrometry (ICP — AES) have
been applied to investigate the levels of metals
toxicity in some biological samples by using
microcentric nebulisation [6].

2. MATERIALS AND METHODS
2.1 Instrumentation

Unknown concentrations of lead (II) were
determined by flame atomic absorption
spectroscopy (Agilent technologies). The metal
was analysed at a wavelength of 283.3nm, lamp
current of 5.0 mA, slit width of 0.5 nm, using air-
acetylene as oxidant gas and triplicate readings.
Lead standard metal solution of 1000 mg/L
(99.8% purity, analytical grade, Fisher Scientific).
was purchased and used to prepare an accurate
standard solution of 2.0, 4.0, 6.0, 8.0 and 10
mg/L. 50 mL volumetric flasks were used and
make up to the mark for dilution.

Calibration curves were determined in each
analysis in the working range of 1.0 - 25 mg/L
and accepted for a determination coefficient R* >
0.994 (Fig. 1). A limit of detection (LoD and limit
of quantification (LoQ) was established at 0.005
and 0.015 mg/L respectively.

2.2 Sample Preparation

Fucus spiralis (Fig. 1) used in this study was
obtained from a west show beach near
Llandudno in north Wales, U.K (53°19°17.9” N
3°51°01.3” W). The harvested F. spiralis biomass
was washed severally with tap water to remove
sand particles, impurities, and epiphytes before
been washed with distilled water. The biomass
was initially air dried at room temperature for 72
hrs before been chopped by scissor and crushed
by hand prior to 24 hrs oven dried at 105°C using
petri drying dishes. The dried algae were later
grounded into powder using an electrical Retsch
cyclone mill twister D -42781 and sieved to
uniform particles size (0.5 mm) and kept in
storing bottle.

In order to study the absorption of lead on F.
spiralis, 0.5 g of the grounded sample were
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digested in triplicate, in glass tubes at 150°C for
2 hrs, 5.0 ml of distilled water, 12.0 ml of HCI and
4.0 ml HNO3. After digestion the solution was
then filtered using cellulose acetate membrane
(0.45 pum) porosity, diluted to 100.0 mL prior to
analysis using flame atomic absorption
spectroscopy (Agilent technologies) [7].

2.3 Batch Biosorption Procedure

Biosorption experiments were carried out at the
desired pH value, contact time and biomass
dosage level using the necessary biomass in a
100mL stoppered conical flask containing 25mL
of test solution. Initial solutions with different
concentration of Pb (Il) were prepared by proper
dilution from stock 1000 mg/L Pb (Il) standards.
Sodium phosphate buffer (0.1 mol/lL) was
prepared by adding an appropriate amount of
phosphoric acid to sodium dihydrogen phosphate
solution to result in a solution of pH 2.
Ammonium acetate buffers (0.1 mol/L) were
prepared by adding an appropriate amount of
acetic acid to ammonium acetate solutions to
result in solutions of pH 4—6. Ammonium chloride
buffer solutions (0.1 mol/L) were prepared by
adding an appropriate amount of ammonia to
ammonium chloride solutions to result in
solutions of pH 8 [8].

Fig. 1. Fucus spiralis (present study)

3. RESULTS AND DISCUSSION
3.1 Effects of pH and Adsorbent Dosage

Lead (Il) (Pb2+) Stock solution was prepared by
dissolving 1.598 g of Pb (NO3), analytical grade
(Fisher Scientific U.K) in one litre of distilled
water to achieve a concentration of 1000 mg/L.
Initial metal concentration used in biosorption
tests were then prepared by dilution of the stock
solution.
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Fig. 2. Lead standards showing linear relationship between absorbance and concentration
using AAS
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In order to determine the optimum biomass
dosage, the mass of the adsorbent (F. spiralis)
was varied (0.25 - 4.0 £ 0.2 g) and an experiment
were carried out in 250 mL Erlenmeyer flasks
capacity containing 50 mL of Pb (Il) metal
solution of 20 mg/L initial metal concentration, at
25°C. and pH value was adjusted to 4.5+ 0.3
with conc. HNOs; or HCIl. The suspended
solutions were then stirred in an orbital shaker
operating at 180 rpm agitating for 4 hours. The
samples solutions were then filtered using
cellulose ester membrane filters (0.45 pum). The
filtered solutions were centrifuge and analysed
for adsorption of lead. Moreover, pH effect was
also tested under same conditions as above
(25°C, 180 rpm, 20 mg/L, 4 hrs etc). The
adsorbent dosage was fixed at 0.50 = 0.02 g and
pH varied between 2.50 and 5.50. The initial pH
metal solutions were adjusted using 0.02 M
HNO; or 0.5 M NaOH. During the contact time,
the maximum pH variation allowed was + 0.3. It
was observed that lead precipitation occurs at pH
value greater than 6.0 this is even high with
concentrated solutions.* Therefore, pH effect
studies was only considered below the reported
precipitation value of 5.50.The amount of lead
adsorbed per gram of F. spiralis (Qe, mg/g) was
calculated by mass balance (Equation (1)) and
removal efficiency by Equation (2), where C, is
the initial concentration (mg/L), C. is the final or
equilibrium concentration (mg/L), m is the bio
sorbent mass used (g) and V is the solution
volume (L).

Qe=(Co— Ce)VIm 1)

101.0
100.0
99.0
98.0
97.0
96.0
95.0
94.0
93.0
92.0

91.0
0.00

Removal (%)

0.50 1.00 1.50

% removal = (C, — C.)/ C,.100 (2)
In order to evaluate the rate at which the
biosorption process takes place, kinetic

experiments were carried out at different initial
Pb (ll) concentrations: 5.0, 10, 15, 20, 50, 70
mg/L. Metal solutions (100 mL) were mixed with
adsorbent 0.50 + 0.02 g and stirred at 25 °C for 7
h. The pH was initially adjusted and readjusted
when necessary to pH 4.5 %= 0.3. For each
analysed concentration, samples were filtered,
and centrifuge and lead concentration analysed
in the liquid phase by AAS. The calculated
adsorbed amount was recorded as a function of
the contact time and metal concentration.

3.2 effect of Biomass Dosage

The effect of F. Spiralis dosage was studied and
result presented Fig. (3). There is practical
removal up to 100 +4 % for biomass dosage 4.0
+0.1 g which correspond to lowest adsorbed
amount of 0.25 + 0.1 mg/g. The highest
adsorbed value was recorded with biomass
dosage 0.25 = 0.1 g but with the lowest
percentage removal of 92.50 + 6%. A study
conducted to investigate the effect of biomass
dosage on Pb (IDand Cd (Il) ions on the Ulva
lactuca biomass, [9] the results shows that the
bio sorption efficiency of the metals is highly
dependent on the increase in absorbent dosage
of the solution [8]. Therefore, based on these
results, an optimum biomass dosage of 0.50 +

0.1 g was chosen to be used in further
experiments.
()
[ ]
2.00 2.50 3.00 3.50 4.00 4.50

Adsorbent dosage (g/L)

Fig. 3. Bio sorption removal efficiency (= global uncertainty) of Pb (ll) by F. spiralis at different
adsorbent dosages, using 20 mg/L of metal solution, pH 4.5 + 0.5 and a temperature of 25°C
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Further studies show that Fucus spiralis biomass
dosage ranged 0.50 to 4.0 g can remove up to
100% of Pb (Il) [4]. This study further revealed
that the high the amount of adsorbent dosage the
lower the adsorbed value (mg/g) and vice versa.

3.3 Effect of Varying pH

The pH is an important factor influencing the
biosorption process. From the point of view of the

91.5
91.0
90.5
90.0
89.5
89.0
88.5

Removal (%)

88.0
87.5
87.0

86.5

2.0 2.5 3.0 3.5

solid surface,
protonation of the
their availability to

pH affects protonation/de-
functional groups and
establish bonds with
adsorbates, chemical species (oxidation
state, complexes, charge) being also pH
dependent [4]. In this work, pH influence
was studied in the acidic range, using initial pH
values of 2.5, 3.0, 4.0, 4.5 and 5.5 as shown in
Fig. 4.

4.0 4.5 5.0 5.5 6.0

pH values

Fig. 4. Removal efficiency of Pb (ll) by F. spiralis at different pH values (2.5 - 5.5 £ 0.5), using
20 mg/L of metal solution, 0.50 g of adsorbent dosage and a temperature of 25°C
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Fig. 5. Effect of initial metal concentrations on Pb (Il) biosorption on F. spiralis (pH 4.5 + 0.5,
0.50 g/ of adsorbent, 25°C): experimental data (values * global uncertainty)
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Fig. 6. Relationship between sorption capacity and the concentration at equilibrium for lead (ll)

2.5

1.5

1/Qe

0.5

0.05 0.1

y = 9.9725x + 0.0008
..
RZ = 1 .."".

0.15 0.2 0.25

1/Ce

Fig. 7. Langmuir isotherm plot for lead ions

During the stirring time, pH was controlled, and
maximum variations observed for each one of
the studied pH were 2.5 £ 0.4, 3.0 £ 0.5, 4.0 +
0.2, 45 £ 0.5 and 5.5 £ 0.3. Initial pH levels
above 5.5 were avoided to eliminate the
interference of metal hydroxide precipitation,
which easily occurs at higher pH values [10,11].
Where the authors mentioned pH levels between
1.2 and 3.0 was good. Results on the varying pH
effect presented in Fig. 4 shows an increase in
pH from 2.50 to 4.50 favoured the uptake of Pb
(1) from solution with an increase in removal
efficiency from 87.30 £ 0.4 % to 90.60 + 0.2%. In
the pH range studied, lead is mostly present in
water as a free cation (Pb2+) under strong acidic
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conditions [4]. Protons (H") compete with lead for
the active sites of the bio sorbent and the
removal efficiency is limited [4]. As the pH rises,
the number of deprotonated active sites
increases, a negative charge is developed and a
significant enhancement in the amount of Pb**
adsorbed was observed [4]. Maximum uptake
values of cationic heavy metals by algae and
algal-derived materials have been reported near
pH 5 [4,12,13,14,9] close to the pK of carboxylic
acids dissociation as it was also observed in this
work. Carboxylic groups are the most abundant
in brown algae and are known to establish
bridging or bidentate complexes with heavy
metals [2]. Adsorption studies and infrared
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spectra from F. spiralis biomass suggest that
these functional groups are present in an
effective way. At the optimum pH, the adsorbed
amount of Pb (Il) was 36 + 3 mg/g. Though the
experimental conditions are different our value
agree with adsorption value of 45.3 mg/g at pH 5
reported by Freitas et al., [13] obtained for lead
uptake unto raw F. spiralis biomass (2.0 g).
Based on this result and available literature it
was decided to fix the biosorption test at pH 4.5.

3.4 Biosorption Kinetics

In order to determine the rate at which the Pb (Il)
biosorption takes place on adsorbent, the effect
of contact time was evaluated in experiments
conducted at different initial adsorbate
concentrations and results presented in Fig. 5.
For an initial metal concentration of 5.0 mglL,
93.8% removal occurred with equilibrium being
achieved with 10 mg/L. The time necessary to
reach equilibrium seems to increase with
increasing initial adsorbate concentrations. In this
study at initial metal concentration of 10 mg/L the
highest metal removal of 96% was achieved. For
the studied conditions, very high removal was
found, = 99% for 10 mg/L initial lead
concentration and lowest 93% for 5.0 mg/L.
Equilibrium times of 1-3 h have been reported in
literature for the uptake of Pb (Il) by different bio
sorbents [15,6]. Biosorption as a passive and a
metabolism-independent process is relatively
fast, which is an important advantage from an
operational point of view.

3.5 Equilibrium Isotherm Modelling

Equilibrium is established when the
concentration of a metal ion in the solution is in
balance with that of the bio sorbent surface. In
such cases, an equilibrium isotherm model is
employed to describe the experimental data in
order to give useful information about the bio
sorbent. Three of the most common and most
successful isotherm models in describing
biosorption equilibrium data are Langmuir and
Freundlich (equations 3 and 4 respectively).
Metal sorption on a homogeneous surface, as a
monolayer, without interaction between adsorbed
molecules is the basis of the Langmuir model.

The experimental results were modelled using
pseudo-first order Langmuir model;

Qe = Omax Cel/(1+bCy) @A)

ge =k fCel/n 4)

4. CONCLUSION

The brown algae represent an especially efficient
and resilient class of biosorbents relative to other
biomass types. Fortunately, due to their
economic value in many industrial applications,
there is much information about their basic
structure and biochemical constitution. This in
turn makes the interpretation of the sorption
behaviors and elucidation of metal binding
mechanisms more rigorous. The order
Laminariales and Fucales of the brown algae
(division Phaeophyta) are the most important
groups of algae to the field of biosorption
because of the abundance of their cell wall
matrix  polysaccharides and  extracellular
polymers. The alginate polysaccharide is mainly
responsible for the natural ion- exchange
capacity of the brown algae. Its unique
macromolecular  structure  gives rise to
selective metal binding whose mechanism is

commonly represented by the “egg-box”
model.
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