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A B S T R A C T

A study on various biosorbents in promoting environmental and economic sustainability has become a current
attempt by researchers for removal of synthetic dye from industries. Marine algae are listed as excellent can-
didates for alternative biosorbents. Therefore, in this study, five indigenous species of marine macro-algae from a
group of red, green and brown were investigated for their potential of removing azo-dye, Methylene Blue (MB) in
aqueous solution. The best biosorbent was evaluated based on their maximum biosorption capacity (qmax) and
affinity (b). Characterization of potential algae was determined by points zero charge (pHpzc), Fourier transform
infrared spectroscopy (FT-IR) and Scanning electron microscope with Energy Dispersive X-Ray Analysis (SEM-
EDX). It was further examined for the effect of various operational parameters such as pH (2–11), biosorbent
dosage (0.2–1.2 g/L) and initial concentration (50–200 mg/L). The result reveals that the equilibrium time for
all algae species can be reached within 60–80 min at 27 °C. At lower MB initial concentration (< 1000 mg/L),
Euchema Spinosum (E. spinosum) performed the highest qmax and b, therefore it has been chosen as potential
biosorbent. Experimental data were compiled well with Langmuir and Freundlich isotherm with R2 = 0.99.
According to Langmuir model, the maximum homogenous biosorption capacity, qmax is 833.33 mg/g and af-
finity, b, is 0.016. The kinetic data were better fitted to the pseudo-second-order kinetic model.

1. Introduction

Dye substances are widely employed in various industrial activities
such as textile [1], pharmaceutical [2], food, cosmetics, plastics, pho-
tographic and paper industries [3,4] which in turn are released in the
effluent. Amongst all, textile dyeing process is the largest generator of
colored effluent [1,5]. During the dyeing process, it is estimated that
10–15% of the dyes used do not attached to the fibers thus remained in
the dye baths, which are discharged to the receiving water [6–8]. The
average dye concentration of 300 mg/L has been detected in the ef-
fluent from this process [9]. Furthermore, the effluent from such in-
dustries is not only colored, but also contains recalcitrant organic [10],
toxicant, surfactant and chlorinated compounds and salts, hence re-
quire extensive treatment prior to discharge [11].

Azo-dye has been used extensively in textile dyeing processes [12]
due to its simplicity in production, cost effectiveness, ease of applica-
tion, durability and available in various colors. Exposure to these dyes
leads to allergic, carcinogenic, mutagenesis and detrimental health to
living creatures [13–16]. The toxicity of azo-dye is not only contributed
by the parent molecules, but also by their degradation products due to

xenobiotic and bio recalcitrant in its’ nature [17,18].
Methylene Blue (MB) is a common dye used in textile industries and

is categorized under azo dye group in cationic (thiazine) which carries a
positive charge in its molecules [19]. Although MB is categorized as not
strongly hazardous, several acute exposures to living form have been
reported [20]. These include respiratory problem, eye irritation [21],
vomiting, diarrhea [22] and nausea as a symptom of gastrointestinal
tract irritation [23], mental confusion, cyanosis, profuse sweating,
convulsions, dyspnea, tachycardia, tissue necrosis, jaundice and me-
themoglobinemia [24].

Removal of color from dye bearing effluents a difficult task as the
dyes are resistant to microbial degradation due to their complex mo-
lecular structure and are stable to light, heat and oxidizing agents.
Several technologies currently exist to overcome effluent-contain- dye
problem such as coagulation and flocculation [25], biological oxidation
[26], chemical precipitation, activated carbon adsorption [27], ion
exchange, photo-catalys, photo-oxidation and membrane filtration
[21]. Amongst all, adsorption is generally regarded as an effective
technique for the treatment of dye-containing wastewater such as ac-
tivated carbon [28]. However, its high capital and operational costs
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