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Heavy metal contamination affects lives with concomitant environmental pollution, and seaweed has emerged as a
remedy with the ability to save the ecosystem, due to its eco-friendliness, affordability, availability, and effective metal ion
removal rate. Heavy metals are intrinsic toxicants that are known to induce damage to multiple organs, especially when
subjected to excess exposure. With respect to these growing concerns, this review presents the preferred sorption
material among the many natural sorption materials. The use of seaweeds to treat contaminated solutions has
demonstrated outstanding results when compared to other materials. The sorption of metal ions using dead seaweed
biomass offers a comparative advantage over other natural sorption materials. This article summarizes the impact of
heavy metals on the environment, and why dead seaweed biomass is regarded as the leading remediation material
among the available materials.
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| 1. Structure and Classification of Seaweed

Seaweed does not have roots, but rather has holdfasts that anchor the seaweed to the bottom of the sea or ocean. These
root-like holdfasts are composed of many finger-like components known as Haptera and are supported by a stalk or stem
called a Stipe. The structure of the stem or stipe can be hard, filled with gas, soft or flexible, short, or long, and in some
cases, they may be completely absent depending on the type of seaweed . These stipes or stem-like structures are
either filled with gas or empty. These are referred to as pneumatocysts, while the entire body of the seaweed is referred to
as the thallus. Seaweed has leaves called blades, which assist in photosynthesis, although some seaweed species have
only a single leaf, while others have many leaves. Figure 1 below shows the physical structure of seaweed.
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Figure 1. Structure of seaweed.

Seaweed is divided into three (3) main groups based on color characterization, namely: Brown (Phaeophyceae), Red
(Rhodophyceae), and Green (Chlorophyceae) seaweeds [@. Brown algae (Phaeophyta) have various physical



appearances either in crust or filament form. Brown algae are multicellular and contain chlorophyll, which aids in
photosynthesis, with fucoxanthin being the dominant pigment. Physically, brown algae can range from a large size (Kelp)
of about 60 m long to as small as 60 cm (. Red algae (Rhodophyta) have chlorophyll in which phycocyanin and
phycoerythrin are the dominant pigments responsible for red coloration. Red seaweeds are normally not actually red, but
brownish-red or purple. Physically, red algae are smaller than brown algae in length . Green seaweeds (chlorophyte)
have chlorophyll, but with no dominant pigment justifying their green coloration; therefore, green seaweed is generally
green. It is smaller in size than both red and brown seaweeds 2I€],

We further characterized seaweeds based on both their physical and chemical compositions as shown in Table 1. The
alginate and the intercellular substance of the brown algae have high divalent cation uptakes. The cell walls of brown
seaweeds are composed of cellulose, alginic acid, and polysaccharides, with alginates and sulfate being the dominant
active groups . The cell wall of red algae contains cellulose, but their biosorption capabilities can largely be attributed to
sulfated polysaccharides made up of galactans. Similarly, the cell wall of the green algae contains cellulose with hydroxyl-
proline glucosides; xylans and mannans are the main functional groups during biosorption &9,

Table 1. Characteristics of Seaweed.

Common Name Colour

(Phylum) Body Form Size Pigments Composition Cell Walls
Brown algae ) 60 Chlorophyll, Fucoxanthin, Golden-brown, Cellylose,
Multicellular cm-60 and several other . Alginate,
(Phaeophyta) Greenish-brown R
m xanthophylls Fucoidan
Red algae - 50 Chlorophyll,.Phycocyanm, Brownish red, Cellulose, Xylans,
Multicellular cm-2 Phycoerythrin, and several
(Rhodophyta) Purple Galactans
m xanthophylls
Cellulose
Green algae Unlce'llular, Colonial, 1- aand b Chlorophyll and Hydroxyl —.prollne
(Chlorophyta) Filamentous, 1000 several xanthoohvlls Green glucosides
phy Multicellular um phy B- xylans,
B-mannans

| 2. Seaweed: Metal lon Biosorption Material

The treatment of contaminated solutions has been a burden to engineers and scientists over the years. Recently,
seaweed has been proven to be more effective than other natural sorption materials. Some of the other natural sorption
materials that have been used to elute metal ions are discussed in the next subsection. Remediation of aqueous solution
from metal ions is of serious concern to environmentalists, considering the threat it poses to the purity of the natural
environment 19, The non-biodegradability, carcinogenicity, and toxicity of heavy metals make them harmful, and
treatment of these heavy metals is essential 111, Sorption has been proven to be a sustainable and effective method for
treating heavy metals in aqueous solutions using natural biomass [12. Based on these outstanding results, seaweed has
emerged as the leading material, with a high rate of metal ion removal. The biosorption method is one of the simplest,
cheapest, and most eco-friendly methods, and requires little or no nutrient addition. The effectiveness and efficiency of
treatments for heavy metals are directly related to the type of sorbent used 22, In short, the remediation of heavy metals
using seaweed offers a more reliable, cheaper, and more effective means of heavy metal removal from aqueous solutions
than the previous methods. Various mechanisms of seaweed biomass (electrostatic interaction, ion exchange, and
complex formation) have been used in the biosorption process of heavy metals, and ion exchange has been widely used
and is considered the most important among the list of mechanisms R415 The cell walls of the algae possess
polysaccharides and protein, which serve as binding sites for metal ion uptake 1€l There are several factors responsible
for the sorption capability of a seaweed cell surface; among these factors are accessibility of binding groups for metal
ions, the affinity constants of the metal with the functional group, the chemical state of these sites, the number of
functional groups in the algae matrix, and the coordination number of the metal ion to be sorbed [2Zl. The metal biosorption
ability of seaweed varies because of the heterogeneity of their respective cell wall composition. For example, brown,
green, and red algae have high affinities for lead (Pb), copper (Cu), and cobalt (Co), respectively 2. Physical or chemical
treatment can enhance heavy metal uptake by seaweed, and the cell wall surface is modified, thereby providing additional
binding sites for biosorption (A28 The physical treatment includes freezing, crushing, heating, and drying, as these
increase the surface area on which biosorption can be achieved 1&. The most common seaweed pretreatments are
glutaraldehyde, calcium-chloride (CaCl,), formaldehyde, sodium hydroxide (NaOH), and hydrogen-chloride (HCI).
Pretreatment with calcium-chloride (CaCl2) enhances calcium binding with alginate, which plays a pivotal role in ion
exchange 19, The crosslinking bond between hydroxyl and amino group is strengthened by formaldehyde and



glutaraldehyde 29, The electrostatic interactions of metal ion cations are increased by sodium hydroxide (NaOH), while at
the same time providing optimal conditions for ion exchange, while hydrogen-chloride (HCI) dissolves the polysaccharides
of the cell wall and also replaces light metal ions with a proton, thereby increasing the biosorption binding sites . It is in
this regard that we aim to showcase the comparative advantages of seaweed over other sorption materials in the removal
of heavy metals.

| 3. Various Natural Materials Used for Sorption

In recent years, engineers and scientists have directed much effort towards identifying the most suitable biosorption
materials. Among many materials, seaweed has been revealed to be the most suitable and effective natural
material. Table 2 shows some of the various other materials that have been used for the removal of metal ions.

Table 2. Various natural materials used for the removal of metal ions.

Materials Used Heavy Metals References
Polymers Fe and Cr [21]
Sawdust and tree barks Hg, Pb, and Zn [22]
Electronic waste along with galvanic wastes Cu, Ni, Mn, Pb, Sn [23]
charcoal: cr(in) [24]
Clay cr(in) [25]
Fungi Cr, Fe [26]
Dead biomass Cr [27]
Peat moss Cr, Fe [28]
Peanut shells, Rice husk, Straw, and walnut cover Cr, Cu, Ni [29]
Cocoa shell Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn 301
Coconut husk Cr, As [29]
Caol and fly ashes Cr, Cu, Ni [31]
Banana pith and peels Ni, Pb [32]
Cassava fiber Ph, Co [33]
Chicken feathers Al, As [34]
Sheep manure wastes Ca, Cd [35]
Sunflower Co, Cr [36]
Rice byproducts Cu, Fe [37]
Orange peels Cu, Fe, Hg [38]
Palm kernel fiber Fe, Hg [29]
Grape stalks Cr, Fe, Hg [39]

As highlighted in Table 2, the use of different biomass (living or dead) for the removal of heavy metals has been studied
over the years, and microalgae have stood out among the others. For non-living organisms, the cell surface involves
different functional groups like amini, hydroxyl, sulfhydryl, phosphate, sulfate, and carboxyl groups 4%, Sawdust and tree
barks are rich in tannin/lignin, and have been studied by Fiset and team 4, as they proved effective in metal adsorption.
The tannin is an active species during the metal adsorption (ion exchange) process because of the polyhydroxy
polyphenol groups 2. Lignin, which is extracted from black liquor and is also a waste product of the paper industry, has
been considered for the removal of metals (Hg, Pb, and Zn) 43l Alcohols, acids, aldehydes, ketones, phenol, hydroxides,
and ethers are all polar functional groups of lignin that have varying metal-binding capabilities 4. Phytoremediation or
phytofiltration of metal-contaminated effluents have been tested and proven successful. Some examples of aquatic plants
with such ability are Ceratophyllum demersum, Lemna minor, and Myriophyllum spicatum 3], Cellular components such
as amide, imine, imidazol moieties, carboxyl, hydroxyl, sulfate, sulthydryl, phosphate of these plants have high metal-
binding properties, as reported by Gardea and team 8. Chitin and chitosan have also been used to treat metal ions in



wastewater. Chitin, which is the second-most abundant natural biopolymer after cellulose, is commonly found in the
exoskeletons of crustaceans and shellfish, while Chitosan is produced by alkaline N-deacetylation of chitin ¥Z. Similarly,
peat moss has been studied based on heavy metal decontamination of wastewater. It is a complex material with both
lignin and cellulose as its main constituents, which contain polar functional groups 8. Plenty of other agricultural waste,
such as rice residues, fruit and vegetable peels, tea/coffee residues, and coconut husks, have also been used for metal
ion retention. Most of the materials have polyhydroxy, polyphenol, carboxylic, and amino groups, which play key roles in
the metal adsorption process 39 Animal bones, clay, human hair, and teeth have all been used to treat metal ions, but
have not been effective or efficient when compared with seaweed 2. In conclusion, the above-discussed natural sorption
materials have not been effective either in terms of metal ions removal rate or socio-economic benefit when compared to
seaweed.
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