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In this research, the biological adsorption process of lead heavy metal was
investigated using brown algae Nizimuddinia zanardini and green algae Ulva
rigida. Optimum adsorption conditions by measuring pH, the amount of
adsorbent, time, and the concentration of lead ion were investigated.
Langmuir, Freundlich, and Temkin isotherms were used to investigate surface
adsorption. Adsorption kinetics were investigated according to pseudo-first
and second-order kinetic equations. Examining the pH results, it was found
that brown algae at pH = 5 and green algae at pH = 6 could reach the maximum
adsorption of lead. It was found that the best adsorption time for both algae
was 60 min. The results of the adsorbent dosage showed that the two
bioadsorbents of brown and green algae have the highest amount of adsorption
in the amounts of 0.5 and 0.7 g, respectively, and in the initial concentration
of metal ions, the highest efficiency was obtained in the dosage of 2 mg/1. The
results of the isotherm model showed that lead adsorption by brown algae
corresponds to the Langmuir isotherm and green algae to the Freundlich
isotherm. In addition, according to the kinetic results, both adsorptions follow
second-order kinetics.
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EXTENDED ABSTRACT

Introduction

The main problem with heavy metals is that they
are not metabolized in the body, and after entering
the body, they are stored in the tissues and are not
eliminated from the body. Metal ions such as lead
and cadmium are mainly found in industrial
wastewater and are considered dangerous
environmental pollutants. Biosorption is the
ability of biomass to collect heavy metals from
wastewater through indirect metabolic activities
or physical and chemical adsorption methods. The
complex structure of microorganisms enables
them to absorb metals in different ways. One of
the most significant microorganisms in
biosorption processes is algae. Therefore, in this
study, the biological adsorption of lead metal from
aqueous solutions was carried out using
Nizimuddinia zanardini and Ulva rigida species.

Material and Methods

This research was conducted in the Faculty of
Marine Sciences of Chabahar University of
Maritime and Marine Sciences. The materials
used in the present study are the brown algae
Nizimuddinia zanardini collected from the coasts
of the Oman Sea; the green algae Ulva rigida
collected from the shores of the Oman Sea. To
remove heavy metals, lead (II) nitrate and
cadmium (II) nitrate salts were used. To determine
the optimum pH for lead and cadmium adsorption
by green and brown algae, the adsorption rate was
investigated at pH values of 3, 4, 5, 6, 7, 8, and 9.
In the same way, the optimal value of the
adsorbent in values 0f 0.2, 0.5, 0.7, and 1 g of the
two adsorbents and the amount of adsorption time
in the amounts of 10, 20, 30, 40, 50, 60, 70, 80, 90
and 100 min was measured. Langmuir,
Freundlich, and Temkin isotherms were used to
investigate surface adsorption and describe the
behavior of the adsorbent. The pseudo-first and
second-order Kkinetic equations were used to
determine the control mechanism of the surface
adsorption processes.

Results

To check the surface property, structure, and size
of the particles obtained from the used algae, a
scanning electron microscope was used, and the
results showed that all the particles in the
produced bio-adsorbent have dimensions of about
50 nm and the size distribution of the particles on
the surface The nanostructures are uniform. In
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measuring the pH, the obtained results showed
that the minimum efficiency of lead adsorption for
the brown algae Nizimuddinia zanardini was
obtained at a pH = 3 with a value of 28.9%, while
this value at the same pH for the green algae Ulva
rigida was equal to 23.9% was obtained. With the
increase in pH, the process of lead adsorption by
two algae has taken on an upward trend. On the
other hand, for brown algae Nizimuddinia
zanardini at pH = 5, the highest adsorption rate
was 88.6%, and for green algae Ulva rigida at pH
equal to 6, the highest adsorption rate is It was
obtained with a value of 81.4%. In the comparison
between the amounts of adsorption, the results
showed that brown algae have a high percentage
of adsorption compared with green algae.
Moreover, in measuring the adsorption time, the
obtained results showed that the minimum
efficiency of lead adsorption for the brown algae
Nizimuddinia zanardini was obtained at a contact
time of 10 min with a value of 35.6%, while this
value was equal to the green algae Ulva rigida at
the same time. It has been obtained with 30.3%.
With the increase of contact time, the process of
lead adsorption by two algae has taken an upward
state, and for the brown algae Nizimuddinia
zanardini and the green algae Ulva rigida, the
highest adsorption rate was obtained at 60 min
time equal to 94.5% and 85.3%, respectively. In
the comparison between the amounts of
adsorption, the results showed that brown algae
have a high percentage of adsorption compared
with green algae. In measuring the amount of
adsorbent used, the minimum efficiency of lead
adsorption for the brown algae Nizimuddinia
zanardini using 0.2 g of the adsorbent, removal
was 54.3%, while the dosage of the adsorbant
used for the green alga Ulva rigida was 2.0 g and
the removal efficiency was 43%. With the
increasing amount of adsorbent, the process of
lead adsorption by two algae has taken an upward
trend; for the brown algae Nizimuddinia
zanardini, at the amount of 0.5 g of adsorbent, the
highest adsorption efficiency was 92.7%, while
for the green algae Ulva rigida, the highest
adsorption efficiency was 79.6% using 0.7 g of the
adsorbent. In the comparison between the
amounts of adsorption, the results showed that
brown algae have a high percentage of adsorption
compared with green algae. The results obtained
regarding the initial concentration showed that the
minimum efficiency of lead adsorption for the
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brown algae Nizimuddinia zanardini at a
concentration of 40 mg/l was 18%, while this
value for the green algae Ulva rigida was 21.2%.
With the increase of the initial metal ion
concentration, the process of lead adsorption by
two algae has taken a decreasing state. The highest
adsorption rate for the brown algae Nizimuddinia
zanardini at the initial concentration of 2 mg/l was
98.3%, while for the green algae Ulva rigida the
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highest adsorption rate was 88.1%. In the
comparison between the amounts of adsorbents,
the results showed that brown algae have a high
percentage of adsorption compared to green algae.
Fig. 1 shows the results of the influence of
solution optimization indicators on the amount of
lead ion biosorption by brown algae Nizimuddinia
zanardini and green algae Ulva rigida.
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Fig. 1 Effect of operational parameters on the bioadsorption of lead ion

Conclusions

Examining the results of pH related to biological
adsorption, it was found that brown algae at pH 5
and green algae at pH 6 were able to reach the
maximum adsorption of lead. Furthermore, when
examining the results related to time, it was found
that the best adsorption time for both algae was 60
min. The results of the amount of adsorbent dose
showed that the two bioadsorbents of brown algae
Nizimuddinia zanardini and green algae Ulva
rigida were able to have the highest amount of
lead adsorption at 0.5 and 0.7 g, respectively. In
the investigation of metal ion concentration, the
highest value was obtained using 2 mg/l of the
adsorbent. Moreover, the results of the adsorption
isotherm model showed that the adsorption of this
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heavy metal by the adsorbents used is a favorable.
Adsorption of lead by the brown algae
Nizimuddinia zanardini followed the Langmuir
isotherm, whereas by the green algae Ulva rigida
the Freundlich isotherm fits. According to the
kinetic results, both adsorptions followed second-
order kinetics.

Data Availability
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presented in the text of the article.
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Fig. 9: a) First-order kinetic and b) Second-order kinetic diagram for lead ion biosorption by green algae
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