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ABSTRAK 

Pewarna azo telah digunakan secara meluas dalam industri tekstil kerana pewarna 

tersebut mudah diproses, menawarkan kos yang murah, mudah digunapakai, berdaya 

tahan tinggi dan tersedia dalam pelbagai warna. Terkini, penyelidikan terhadap sistem 

rawatan air sisa berwarna dari industri yang bercirikan alam sekitar dan ekonomi menjadi 

perhatian utama penyelidik. Oleh itu, objektif kajian ini adalah untuk mengenalpasti 

potensi rumpai laut Malaysia untuk dijadikan penjerap mesra alam kepada pewarna azo, 

methylene blue (MB). Saringan lima jenis spesis rumpai laut liar daripada kumpulan 

merah, hijau dan coklat dinilai dari segi keupayaan maksimum penjerapan(qmax) dan 

afiniti(b) dan proses pra-rawatan fizikal dan kimia. Ciri-ciri rumpai laut yang berpotensi 

kemudian diselidik menggunakan spektrofotometer inframerah fourier transform (FT-

IR), pengimbas mikroskopi electron dengan analisis tenaga X-Ray dispersive (SEM-

EDX), analisis termogravimetrik (TGA), Brunauer-Emmett-Teller (BET) dan titik zero 

cas (pHpzc). Eksperimen penjerapan menggunakan mod kelompok telah dijalankan 

menggunakan kaedah satu-faktor-per-masa (OFAT) bagi mengkaji kesan parameter 

operasi seperti masa dedahan (5- 360min), pH (2–11), dos penjerap (0.2 – 1.2 g/L), 

kepekatan pewarna (50 – 200 mg/L) dan suhu (30-50C). Seterusnya, kajian 

pengoptimuman dijalankan menggunakan Response Surface Methodology-Central 

Composite Design (RSM-CCD).  Sejumlah 20 sampel dimatrikkan untuk membina model 

kuadratik. Kajian penyahpisiran dilakukakan bagi mengkaji potensi guna semula bahan 

penjerab. Isoterm tidak linear seperti isoterm keseimbangan (model dua parameter dan 

model tiga parameter) dan isotherm kinetik dilakukan untuk menganalisis mekanisma 

penjerapan. Seterusnya, verifikasi terhadap model dijalankan menggunakan Artificial 

Neural Networks (ANN) untuk menilai kejituan ramalan ke atas rawatan pengasingan 

pewarna MB. Keputusan kajian menunjukkan masa keseimbangan untuk semua jenis 

spesis rumpai laut dicapai dalam tempoh 60-80 min pada suhu 27C.  Pada kepekatan 

rendah (<1000 mgSL), E. spinosum daripada spesis rumpai laut merah menunjukkan 

potensi paling tinggi dalam keupayaan penjerapan, qmax dan b. Disebabkan proses pra-

rawatan tidak menggalakkan peningkatan keupayaan penjerapan, E.spinosum asli 

digunakan untuk keseluruhan aktiviti kajian. Proses pengoptimunan menggunakan model 

statistik RSM-CCD menunjukkan kapasiti maksimum penjerapan boleh dicapai sebanyak 

399mg/g (>95%) pada masa dedahan 60min, pH 6.9-7.1, dos penjerap sebanyak 0.72 g/L 

dan kepekatan MB sebanyak 300 mg/L. Setelah empat kitaran berturutan, kadar 

penjerapan pewarna MB menurun dari 94.5% kepada 48.5%, dan kadar penyahpisiran 

menurun dari 51.5% kepada 23.4%. Data eksperimen mematuhi isoterm mengikut urutan 

seperti berikut: Toth > Sips =Hill = Breunor-Sotolongo > Freundlich > Redlich-Peterson 

> Koble-Corrigan > Langmuir > Tempkin, Dubidin-Radushkeevich. Manakala, data 

kinetik mematuhi model kinetik pseudo-peringkat kedua. Akhir sekali, verifikasi model 

menggunakan ANN menunjukkan ANN (R2=0.9994, adj-R2=0.9916, MSE=0.19, 

RMSE=0.4391, MAPE=0.087 and AARE=0.001) memberi kejituan ramalan yang tepat. 

Kesimpulannya, rumpai laut merah E.spinosum, terbukti mempunyai potensi yang baik 

sebagai alternatif penjerab semulajadi terutamanya untuk menyingkirkan pewarna MB.   
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ABSTRACT 

Azo dye has been extensively used in textile dyeing processes due to its simplicity in 

production, cost effectiveness, ease of application, durability, and availability in various 

colours.. At present, investigation on treatment system that promoting environmental and 

economic sustainability for the remove dyes from industries have received numerous 

attentions among researchers. Therefore, this study is aimed to investigate the potential 

of Malaysian seaweed to be used as a biosorbent for the removal of azo-dye, methylene 

blue (MB) in aqueous solutions. The screening of five indigenous species was based on 

their maximum biosorption capacity (qmax) and affinity (b) and the effect of pre-treatment. 

Characterisation of potential seaweed was determined by fourier transform infrared 

spectrophotometer (FT-IR), Scanning electron microscopy with energy dispersive X-Ray 

analysis (SEM-EDX), thermogravimetric analysis (TGA), Brunauer-Emmett-Teller 

(BET), and points zero charge (pHpzc). The effect of various operational parameters such 

as contact time (5–360 min), pH (2–11), biosorbent dosage (0.2–1.2 g/L), initial 

concentration (50–200 mg/L) and temperature (30–50C) on biosorption was investigated 

further using batch mode study under One-factor-at-time (OFAT) approach. Upon 

optimisation, the experimental design for the biosorption process was carried out via 

Response Surface Methodology-Central Composite Design (RSM-CCD). A total of 20 

runs were carried out to generate a quadratic model. A desorption study was performed 

to investigate the reusability of E.spinosum. Non-linear models of equilibrium isotherm 

(consisting of two-parameter models and three-parameter models) and kinetic isotherm 

were applied to analyse the biosorption mechanism. Model verification using Artificial 

Neural Networks (ANN) was adopted for an accurate prediction of dye removal. The 

results reveal that the equilibrium time for all seaweed species can be achieved within 

60–80 min at 27°C. At lower MB initial concentrations (< 1000 mg/L), E. spinosum from 

red seaweed had the highest qmax and b. The pre-treatment process did not enhance the 

uptake capacity of E. spinosum, raw E.spinosum was used for the entire experiment. From 

optimisation through statistical model, it was observed that the maximum uptake capacity 

of 399 mg/g (> 95%) is obtained at the equilibrium time of 60 min, pH solution of 6.9–

7.1, dosage of 0.72 g/L, and initial dye concentration of 300 g/L. Experimental data 

complied with the following equilibrium isotherms: Toth > Sips = Hill = Brouers-

Sotolongo > Freundlich> Redlich-Peterson > Koble-Corrigan > Langmuir > Temkin, 

Dubidin-Radushkevich. The kinetic data, however, were better fitted to the pseudo-

second-order kinetic model. After four consecutive biosorption/desorption cycles, the 

MB dye biosorption efficiency decreased from 94.5% to 48.5%, and the dye desorption 

efficiency decreased from 51.5% to 23.4%. Finally, model verification using ANN 

demonstrated that the ANN model (R2 = 0.9994, adj-R2 = 0.9916, MSE = 0.19, RMSE = 

0.4391, MAPE = 0.087, and AARE = 0.001) is able to provide an accurate prediction. As 

a conclusion, red seaweed of E.spinosum was found to have great potential as an 

alternative natural occurring biosorbent specifically for MB dye removal.  



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF SYMBOLS xv 

LIST OF ABBREVIATIONS xvii 

CHAPTER 1 INTRODUCTION 1 

1.1 Background of study 1 

1.2 Problem statement 4 

1.3 Objectives 6 

1.4 Scope of study 6 

1.5 Significance of study 7 

CHAPTER 2 LITERATURE REVIEW 9 

2.1 Introduction 9 

2.2 Textile wastewater pollution 10 

2.2.1 Global dye pollution 10 

2.2.2 Malaysia 13 



vi 

2.3 Textile wastewater 15 

2.3.1 Characteristics of textile wastewater 16 

2.3.2 Textile wastewater treatment 20 

2.4 Dyes 24 

2.4.1 Dye classification 24 

2.4.2 Toxicity of dye 26 

2.4.3 Methylene blue dye 26 

2.4.4 Dye removal technology 27 

2.5 Biosorption 33 

2.5.1 Biosorbent mechanism 35 

2.5.2 Biosorption of methylene blue (MB) dye 39 

2.6 Seaweed 42 

2.6.1 Seaweed in Malaysia 43 

2.6.2 Seaweed as biosorbent 45 

2.6.3 Seaweed modification 47 

2.7 Factors affecting seaweed biosorbent performance 48 

2.7.1 Contact time 51 

2.7.2 Dosage 52 

2.7.3 pH 53 

2.7.4 Initial concentration 54 

2.7.5 Temperature 55 

2.8 Optimisation of dye biosorption using Response Surface Methodology 56 

2.9 Isotherm and kinetic modelling for biosorption process 61 

2.9.1 Adsorption isotherm model 61 

2.9.2 Kinetic isotherm 66 

2.10 Modelling of dye adsorption study by Artificial Neural Network 70 



vii 

2.11 Summary 72 

CHAPTER 3 METHODOLOGY 73 

3.1 Introduction 73 

3.2 Material and equipment 74 

3.2.1 Chemicals 74 

3.2.2 Equipment 75 

3.2.3 Seaweed 76 

3.3 Analytical Procedure 77 

3.3.1 Dye concentration 77 

3.3.2 Quantitative Analysis 77 

3.4 Experimental Procedures 80 

3.4.1 Dye preparation 80 

3.4.2 Seaweed preparation 81 

3.4.3 Screening of potential biosorbent 81 

3.4.4 Selection of pre-treatment method 82 

3.4.5 Effect of biosorption condition - OFAT approach 84 

3.4.6 Effect of biosorption condition – RSM approach 86 

3.4.7 Desorption performance 89 

3.5 Data analysis 89 

3.5.1 Biosorption-desorption performance 89 

3.5.2 Equilibrium isotherm 90 

3.5.3 Kinetic isotherm 92 

3.5.4 Artificial Neural Network (ANN) 92 

3.6 Summary 93 

CHAPTER 4 RESULTS AND DISCUSSION 95 



viii 

4.1 Introduction 95 

4.2 Selection of best seaweed biosorbent 96 

4.2.1 Screening of potential seaweed biosorbent 96 

4.2.2 Selection of pre-treatment 99 

4.2.3 Characterisation of E. spinosum 101 

4.3 Biosorption study (OFAT approach) 108 

4.3.1 Effect of biosorbent dosage 108 

4.3.2 Effect of pH 109 

4.3.3 Effect of initial concentration 110 

4.3.4 Effect of temperature 111 

4.4 Optimisation using RSM 112 

4.4.1 Fractional factorial design 113 

4.4.2 Center Composite Design (CCD) 122 

4.4.3 Desorption 130 

4.5 Isotherm and kinetic modelling for biosorption process 133 

4.5.1 Equilibrium isotherm 133 

4.5.2 Kinetic isotherm 138 

4.6 Prediction verification using ANN 140 

4.6.1 Statistical comparison between ANN and RSM 147 

4.6.2 Validation 150 

4.7 Summary 153 

CHAPTER 5 CONCLUSION & RECOMENDATION 155 

5.1 Conclusion 155 

5.2 Recommendations for future work 156 

REFERENCES 158 



ix 

APPENDIX A LIST OF PUBLICATION AND ACHIEVEMENT 191 

APPENDIX B LIST OF REVIEWING WORK 193 

APPENDIX C ONE- FACTOR-AT-TIME (OFAT) DATA 194 

 



158 

REFERENCES 

Abbas, S., Han, L., Hsieh, C., Techato, K., & Taweekun, J. (2020). Sustainable 

production using a resource e energy e water nexus for the Pakistani textile 

industry. Journal of Cleaner Production, 271, 122633.  

Abdolali, A., Ngo, H. H., Guo, W., Zhou, J. L., Du, B., Wei, Q., Wang, X. C., & 

Nguyen, P. D. (2015). Characterization of a multi-metal binding biosorbent: 

Chemical modification and desorption studies. Bioresource Technology, 193, 477–

487.  

Abosede, A., & Amoo, F. (2019). Environmental Technology & Innovation Novel acid 

treated biomass : Applications in Cu 2 + scavenging , Rhodamine B / Cu 2 + 

binary solution and real textile effluent treatment. Environmental Technology & 

Innovation, 13, 37–47.  

Achak, M., Hafidi, A., Ouazzani, N., Sayadi, S., & Mandi, L. (2009). Low cost 

biosorbent “banana peel” for the removal of phenolic compounds from olive mill 

wastewater: Kinetic and equilibrium studies. Journal of Hazardous Materials, 

166(1), 117–125.  

Afshariani, F., & Roosta, A. (2019). Experimental study and mathematical modeling of 

biosorption of methylene blue from aqueous solution in a packed bed of 

microalgae Scenedesmus. Journal of Cleaner Production, 225, 133–142.  

Akar, T., Sayin, F., Turkyilmaz, S., & Tunali Akar, S. (2017). Corrigendum to “The 

feasibility of Thamnidium elegans cells for color removal from real wastewater” 

(Process Saf. Environ. Prot. (2017) 105 (316–325) (S0957582016302877) 

(10.1016/j.psep.2016.11.017)). Process Safety and Environmental Protection, 111, 

810.  

Albadarin, A. B., Solomon, S., Daher, M. A., & Walker, G. (2018). Efficient removal of 

anionic and cationic dyes from aqueous systems using spent Yerba Mate “Ilex 

paraguariensis.” Journal of the Taiwan Institute of Chemical Engineers, 82, 144–

155.  

Alipanahpour Dil, E., Ghaedi, M., Ghezelbash, G. R., Asfaram, A., & Purkait, M. K. 

(2017). Highly efficient simultaneous biosorption of Hg2+, Pb2+ and Cu2+ by 

Live yeast Yarrowia lipolytica 70562 following response surface methodology 

optimization: Kinetic and isotherm study. Journal of Industrial and Engineering 

Chemistry, 48, 162–172.  

Allafchian, A., Mousavi, Z. S., & Hosseini, S. S. (2019). International Journal of 



159 

Biological Macromolecules Application of cress seed musilage magnetic 

nanocomposites for removal of methylene blue dye from water. International 

Journal of Biological Macromolecules, 136, 199–208.  

Altenor, S., Ncibi, M. C., Emmanuel, E., & Gaspard, S. (2012). Textural characteristics, 

physiochemical properties and adsorption efficiencies of Caribbean alga 

Turbinaria turbinata and its derived carbonaceous materials for water treatment 

application. Biochemical Engineering Journal, 67, 35–44.  

Altowayti, W. A. H., Algaifi, H. A., Bakar, S. A., & Shahir, S. (2019). The adsorptive 

removal of As (III) using biomass of arsenic resistant Bacillus thuringiensis strain 

WS3: Characteristics and modelling studies. Ecotoxicology and Environmental 

Safety, 172(January), 176–185.  

Anastopoulos, I., & Kyzas, G. Z. (2015). Progress in batch biosorption of heavy metals 

onto algae. Journal of Molecular Liquids, 209, 77–86.  

Angelova, R., Baldikova, E., Pospiskova, K., Maderova, Z., Safarikova, M., & Safarik, 

I. (2016). Magnetically modified Sargassum horneri biomass as an adsorbent for 

organic dye removal. Journal of Cleaner Production, 137, 189–194.  

Aravindhan, R., Rao, J. R., & Nair, B. U. (2007). Removal of basic yellow dye from 

aqueous solution by sorption on green alga Caulerpa scalpelliformis. Journal of 

Hazardous Materials.  

Ardekani, P. S., Karimi, H., Ghaedi, M., Asfaram, A., & Purkait, M. K. (2017). 

Ultrasonic assisted removal of methylene blue on ultrasonically synthesized zinc 

hydroxide nanoparticles on activated carbon prepared from wood of cherry tree: 

Experimental design methodology and artificial neural network. Journal of 

Molecular Liquids, 229, 114–124.  

Arthajaya (2014). Profile of Business and Investment Opportunity on Seaweed in 

Indonesia. Indonesia, Mega Publishers 

Asmida, I., Noor Akmal, A. B., Ahmad, I., & Sarah Diyana, M. (2017). Biodiversity of 

macroalgae in blue lagoon, the straits of malacca, Malaysia and some aspects of 

changes in species composition. Sains Malaysiana, 46(1), 1–7.  

Atugoda, T., Gunawardane, C., Ahmad, M., & Vithanage, M. (2021). Mechanistic 

interaction of ciprofloxacin on zeolite modified seaweed (Sargassum crassifolium) 

derived biochar: Kinetics, isotherm and thermodynamics. Chemosphere, 

281(November 2020), 130676.  



160 

Auta, M., & Hameed, B. H. (2014). Chitosan-clay composite as highly effective and 

low-cost adsorbent for batch and fixed-bed adsorption of methylene blue. 

Chemical Engineering Journal, 237, 352–361.  

Azin, E., & Moghimi, H. (2018). Efficient mycosorption of anionic azo dyes by Mucor 

circinelloides: Surface functional groups and removal mechanism study. Journal of 

Environmental Chemical Engineering, 6(4), 4114–4123.  

Bağda, E., Tuzen, M., & Sarı, A. (2017). Equilibrium, thermodynamic and kinetic 

investigations for biosorption of uranium with green algae ( Cladophora 

hutchinsiae ). Journal of Environmental Radioactivity, 175–176, 7–14.  

Bagheri, A. R., Ghaedi, M., Asfaram, A., Bazrafshan, A. A., & Jannesar, R. (2017). 

Comparative study on ultrasonic assisted adsorption of dyes from single system 

onto Fe3O4 magnetite nanoparticles loaded on activated carbon: Experimental 

design methodology. Ultrasonics Sonochemistry, 34, 294–304.  

Bakar, N. A., Othman, N., Yunus, Z. M., Altowayti, W. A. H., Tahir, M., Fitriani, N., & 

Mohd-Salleh, S. N. A. (2021). An insight review of lignocellulosic materials as 

activated carbon precursor for textile wastewater treatment. Environmental 

Technology and Innovation, 22, 101445.  

Balakrishnan, V. K., Shirin, S., Aman, A. M., De Solla, S. R., Mathieu-Denoncourt, J., 

Langlois, V. S., & Balakrishnan, V. K. (2016). Genotoxic and carcinogenic 

products arising from reductive transformations of the azo dye, Disperse Yellow 7. 

Chemosphere, 146, 206–215.  

Banerjee, P., Sau, S., Das, P., & Mukhopadhayay, A. (2015). Optimization and 

modelling of synthetic azo dye wastewater treat- ment using Graphene oxide 

nanoplatelets: Characterization toxicity evaluation and optimization using 

Artificial Neural Network. Ecotoxicology and Environmental Safety, 119, 47–57.  

Baskaran, V., Nachiappan, S., & Rahman, S. (2012). Indian textile suppliers 

sustainability evaluation using the grey approach. International Journal of 

Production Economics, 135(2), 647–658.  

Bathrinath, S., Bhalaji, R. K. A., & Saravanasankar, S. (2021). Risk analysis in textile 

industries using AHP-TOPSIS. Materials Today: Proceedings, 45(xxxx), 1257–

1263.  

Benhouria, A., Islam, A., Zaghouane-boudiaf, H., Boutahala, M., & Hameed, B. H. 

(2015). Calcium alginate – bentonite – activated carbon composite beads as highly 

effective adsorbent for methylene blue. Chemical Engineering Journal, 270, 621–



161 

630.  

Beni, A. A., & Esmaeili, A. (2020). Biosorption, an efficient method for removing 

heavy metals from industrial effluents: A Review. Environmental Technology and 

Innovation, 17, 100503.  

Bilal, M., Rasheed, T., Sosa‐Hernández, J. E., Raza, A., Nabeel, F., & Iqbal, H. M. N. 

(2018). Biosorption: An interplay between marine algae and potentially toxic 

elements—A review. Marine Drugs, 16(2), 1–16.  

Birgani, P. M., Ranjbar, N., Abdullah, R. C., Wong, K. T., Lee, G., Ibrahim, S., Park, 

C., Yoon, Y., & Jang, M. (2016). An efficient and economical treatment for batik 

textile wastewater containing high levels of silicate and organic pollutants using a 

sequential process of acidification, magnesium oxide, and palm shell-based 

activated carbon application. Journal of Environmental Management, 184, 229–

239.  

Blagojev, N., Kukić, D., Vasić, V., Šćiban, M., Prodanović, J., & Bera, O. (2019). A 

new approach for modelling and optimization of Cu ( II ) biosorption from 

aqueous solutions using sugar beet shreds in a fixed-bed column. Journal of 

Hazardous Materials, 363(September 2018), 366–375.  

Bouras, H. D., Yeddou, A. R., Bouras, N., Hellel, D., Holtz, M. D., Sabaou, N., 

Chergui, A., & Nadjemi, B. (2017). Biosorption of Congo red dye by Aspergillus 

carbonarius M333 and Penicillium glabrum Pg1: Kinetics, equilibrium and 

thermodynamic studies. Journal of the Taiwan Institute of Chemical Engineers, 

80, 915–923.  

Brouers, F., & Al-Musawi, T. J. (2015). On the optimal use of isotherm models for the 

characterization of biosorption of lead onto algae. Journal of Molecular Liquids, 

212, 46–51. 4 

Brouers, Francois, & Al-Musawi, T. J. (2018). Brouers-Sotolongo fractal kinetics 

versus fractional derivative kinetics: A new strategy to analyze the pollutants 

sorption kinetics in porous materials. Journal of Hazardous Materials, 

350(December 2017), 162–168.  

Bulgariu, L., Belén, L., Solomon, O., Iqbal, M., Nisar, J., Adesina, K., Alakhras, F., 

Kornaros, M., & Anastopoulos, I. (2019). The utilization of leaf-based adsorbents 

for dyes removal : A review. Journal of Molecular Liquids, 276, 728–747.  

Caritá, R., & Marin-Morales, M. A. (2008). Induction of chromosome aberrations in the 

Allium cepa test system caused by the exposure of seeds to industrial effluents 



162 

contaminated with azo dyes. Chemosphere, 72(5), 722–725. 

https://doi.org/10.1016/j.chemosphere.2008.03.056 

Carmen, Z., & Daniela, S. (2010). Textile Organic Dyes – Characteristics , Polluting 

Effects and Separation / Elimination Procedures from Industrial Effluents – A 

Critical Overview. Organic Pollutants Ten Years after the Stockholm Convention - 

Environmental and Analytical Update, 55–86.  

Cechinel, M. A. P., Mayer, D. A., Pozdniakova, T. A., Mazur, L. P., Boaventura, R. A. 

R., de Souza, A. A. U., de Souza, S. M. A. G. U., & Vilar, V. J. P. (2016). 

Removal of metal ions from a petrochemical wastewater using brown macro-algae 

as natural cation-exchangers. Chemical Engineering Journal, 286, 1–15.  

Chakma, S., Das, L., & Moholkar, V. S. (2015). Dye decolorization with hybrid 

advanced oxidation processes comprising sonolysis/Fenton-like/photo-ferrioxalate 

systems: A mechanistic investigation. Separation and Purification Technology, 

156, 596–607.  

Chandarana, H., Senthil Kumar, P., Seenuvasan, M., & Anil Kumar, M. (2021). 

Kinetics, equilibrium and thermodynamic investigations of methylene blue dye 

removal using Casuarina equisetifolia pines. Chemosphere, 285(July), 131480.  

Cheung, W. H., Szeto, Y. S., & McKay, G. (2007). Intraparticle diffusion processes 

during acid dye adsorption onto chitosan. Bioresource Technology, 98(15), 2897–

2904.  

Ching-lee, W., & Siew-ling, H. (2011). Removal of Basic Yellow 11 from Aqueous 

Solution by Sorption on Caulerpalentillifera ( Chorophyceaea ). 18, 24–28. 

Chu, K. H., & Hashim, M. A. (2007). Copper biosorption on immobilized seaweed 

biomass: Column breakthrough characteristics. Journal of Environmental 

Sciences, 19(8), 928–932.  

Crini, G. (2006). Non-conventional low-cost adsorbents for dye removal: A review. 

Bioresource Technology, 97(9), 1061–1085.  

Coates, J. (2000). Interpretation of infrared spectra, a practical approach. Encyclopedia 

of analytical chemistry, 12, 10815-10837. 

Dallel, R., Kesraoui, A., & Seffen, M. (2018). Journal of Environmental Chemical 

Engineering Biosorption of cationic dye onto " Phragmites australis " fibers : 

Characterization and mechanism. Journal of Environmental Chemical 

Engineering, 6(6), 7247–7256.  



163 

Daneshvar, E., Kousha, M., Jokar, M., Koutahzadeh, N., & Guibal, E. (2012). Acidic 

dye biosorption onto marine brown macroalgae: Isotherms, kinetic and 

thermodynamic studies. Chemical Engineering Journal.  

Daneshvar, E., Kousha, M., Sohrabi, M. S., Khataee, A., & Converti, A. (2012). 

Biosorption of three acid dyes by the brown macroalga Stoechospermum 

marginatum: Isotherm, kinetic and thermodynamic studies. Chemical Engineering 

Journal, 195–196, 297–306.  

Daneshvar, E., Vazirzadeh, A., Niazi, A., Kousha, M., Naushad, M., & Bhatnagar, A. 

(2017). Desorption of Methylene blue dye from brown macroalga: Effects of 

operating parameters, isotherm study and kinetic modeling. Journal of Cleaner 

Production, 152, 443–453.  

Daneshvar, E., Vazirzadeh, A., Niazi, A., Sillanpää, M., & Bhatnagar, A. (2016). A 

comparative study of methylene blue biosorption using different modified brown, 

red and green macroalgae – Effect of pre-treatment. Chemical Engineering 

Journal, 307, 435–446. 

De Aragão Umbuzeiro, G., Freeman, H. S., Warren, S. H., De Oliveira, D. P., Terao, 

Y., Watanabe, T., & Claxton, L. D. (2005). The contribution of azo dyes to the 

mutagenic activity of the Cristais River. Chemosphere, 60(1), 55–64.  

De Gisi, S., Lofrano, G., Grassi, M., & Notarnicola, M. (2016). Characteristics and 

adsorption capacities of low-cost sorbents for wastewater treatment: A review. 

Sustainable Materials and Technologies, 9, 10–40.  

de Melo Gurgel, P., Navoni, J. A., de Morais Ferreira, D., & do Amaral, V. S. (2016). 

Ecotoxicological water assessment of an estuarine river from the Brazilian 

Northeast, potentially affected by industrial wastewater discharge. Science of the 

Total Environment, 572, 324–332.  

Dellamatrice, P. M., Silva-Stenico, M. E., Moraes, L. A. B. de, Fiore, M. F., & 

Monteiro, R. T. R. (2017). Degradation of textile dyes by cyanobacteria. Brazilian 

Journal of Microbiology, 48(1), 25–31.  

Denardin da Rosa, A. L., Carissimi, E., Dotto, G. L., Sander, H., & Feris, L. A. (2018). 

Biosorption of rhodamine B dye from dyeing stones effluents using the green 

microalgae Chlorella pyrenoidosa. Journal of Cleaner Production, 198, 1302–

1310.  

Deniz, F. (2019). WITHDRAWN: A combinatorial bioinnovative approach integrating 

synthetic dye bioremediation and bioenergy production using waste pepper seed 



164 

biomass. Progress in Biophysics and Molecular Biology, 223, 1–7.  

Deniz, F., & Karabulut, A. (2017). Biosorption of heavy metal ions by chemically 

modified biomass of coastal seaweed community : Studies on phycoremediation 

system modeling and design. Ecological Engineering, 106, 101–108.  

Desa, A. L., Hairom, N. H. H., Ng, L. Y., Ng, C. Y., Ahmad, M. K., & Mohammad, A. 

W. (2019). Industrial textile wastewater treatment via membrane photocatalytic 

reactor (MPR) in the presence of ZnO-PEG nanoparticles and tight ultrafiltration. 

Journal of Water Process Engineering, 31(June), 100872.  

Deveci, E. Ü., Dizge, N., Yatmaz, H. C., & Aytepe, Y. (2016). Integrated process of 

fungal membrane bioreactor and photocatalytic membrane reactor for the 

treatment of industrial textile wastewater. Biochemical Engineering Journal, 105, 

420–427.  

Dil, E. A., Ghaedi, M., Ghaedi, A., Asfaram, A., Jamshidi, M., & Purkait, M. K. (2016). 

Application of artificial neural network and response surface methodology for the 

removal of crystal violet by zinc oxide nanorods loaded on activate carbon: 

Kinetics and equilibrium study. Journal of the Taiwan Institute of Chemical 

Engineers, 59, 210–220.  

Dil, E. A., Ghaedi, M., Ghezelbash, G. R., & Asfaram, A. (2017). Multi-responses 

optimization of simultaneous biosorption of cationic dyes by live yeast Yarrowia 

lipolytica 70562 from binary solution: Application of first order derivative 

spectrophotometry. Ecotoxicology and Environmental Safety, 139(January), 158–

164.  

Djaeni, M., & Sari, D. A. (2015). Low Temperature Seaweed Drying Using 

Dehumidified Air. Procedia Environmental Sciences, 23(Ictcred 2014), 2–10.  

Dos Santos Escobar, O., Ferraz De Azevedo, C., Swarowsky, A., Adebayo, M. A., 

Schadeck Netto, M., & Machado Machado, F. (2021). Utilization of different parts 

of Moringa oleifera Lam. seeds as biosorbents to remove Acid Blue 9 synthetic 

dye. Journal of Environmental Chemical Engineering, 9(4).  

Dotto, J., Fagundes-Klen, M. R., Veit, M. T., Palácio, S. M., & Bergamasco, R. (2019). 

Performance of different coagulants in the coagulation/flocculation process of 

textile wastewater. Journal of Cleaner Production, 208, 656–665.  

Eid, M., Ali, M., Abdelsalam, H., Ammar, N. S., & Ibrahim, H. S. (2018). Response 

surface methodology for optimization of the adsorption capability of ball-milled 

pomegranate peel for different pollutants. Journal of Molecular Liquids, 250, 433–



165 

445.  

El-Khaiary, M. I., Malash, G. F., & Ho, Y. S. (2010). On the use of linearized pseudo-

second-order kinetic equations for modeling adsorption systems. Desalination, 

257(1–3), 93–101.  

El, K., Kalnina, D., Turks, M., Horax, B., & Anouar, A. (2019). Separation and Puri fi 

cation Technology Enhanced degradation of an azo dye by catalytic ozonation 

over Ni- containing layered double hydroxide nanocatalyst. Separation and 

Purification Technology, 210(August 2018), 764–774.  

Elgarahy, A. M., Elwakeel, K. Z., Mohammad, S. H., & Elshoubaky, G. A. (2020). 

Multifunctional eco-friendly sorbent based on marine brown algae and bivalve 

shells for subsequent uptake of Congo red dye and copper(II) ions. Journal of 

Environmental Chemical Engineering, 8(4), 103915.  

Elwakeel, K. Z., Elgarahy, A. M., & Mohammad, S. H. (2017a). Journal of 

Environmental Chemical Engineering Use of beach bivalve shells located at Port 

Said coast ( Egypt ) as a green approach for methylene blue removal. Biochemical 

Pharmacology, 5(1), 578–587. 

Elwakeel, K. Z., Elgarahy, A. M., & Mohammad, S. H. (2017b). Use of beach bivalve 

shells located at Port Said coast (Egypt) as a green approach for methylene blue 

removal. Journal of Environmental Chemical Engineering, 5(1), 578–587.  

Esmaeili, A., & Aghababai Beni, A. (2014). Novel membrane reactor design for heavy-

metal removal by alginate nanoparticles. Journal of Industrial and Engineering 

Chemistry, 26, 122–128.  

Esmaeili, A., Saremnia, B., & Kalantari, M. (2015). Removal of mercury(II) from 

aqueous solutions by biosorption on the biomass of Sargassum glaucescens and 

Gracilaria corticata. Arabian Journal of Chemistry, 8(4), 506–511.  

Fakhry, E. M. (2013). &lt;i&gt;Padina pavonica&lt;/i&gt; for the Removal of Dye from 

Polluted Water. American Journal of Plant Sciences, 04(10), 1983–1989.  

Fomina, M., & Gadd, G. M. (2014). Biosorption: Current perspectives on concept, 

definition and application. Bioresource Technology, 160, 3–14.  

Foo, K. Y., & Hameed, B. H. (2010). Insights into the modeling of adsorption isotherm 

systems. Chemical Engineering Journal, 156(1), 2–10.  



166 

Freitas, O., Delerue-matos, C., & Boaventura, R. (2009). Optimization of Cu ( II ) 

biosorption onto Ascophyllum nodosum by factorial design methodology. Journal 

of Hazardous Materials Journal, 167, 449–454.  

Fröcklin, S., de la Torre-Castro, M., Lindström, L., Jiddawi, N. S., & Msuya, F. E. 

(2012). Seaweed mariculture as a development project in Zanzibar, East Africa: A 

price too high to pay? Aquaculture, 356–357, 30–39.  

Gadd, G. M. (2009). Biosorption: Critical review of scientific rationale, environmental 

importance and significance for pollution treatment. Journal of Chemical 

Technology and Biotechnology, 84(1), 13–28.  

Gadekar, M. R., & Ahammed, M. M. (2019). Modelling dye removal by adsorption 

onto water treatment residuals using combined response surface methodology-arti 

fi cial neural network approach. Journal of Environmental Management, 

231(September 2018), 241–248.  

Ghaly, A., Ananthashankar, R., Alhattab, M., & Ramakrishnan, V. (2013). Production, 

Characterization and Treatment of Textile Effluents: A Critical Review. Journal of 

Chemical Engineering & Process Technology, 05(01), 1–19.  

Ghanavati, S., Semnani, A., Teimouri, A., Javaheran, M., Momeni, T., & Habibollahi, 

S. (2019). International Journal of Biological Macromolecules Decolorization of 

crystal violet from aqueous solutions by a novel adsorbent chitosan / nanodiopside 

using response surface methodology and arti fi cial neural network-genetic 

algorithm. International Journal of Biological Macromolecules, 124, 429–443.  

Gomez-Gonzalez, R., Cerino-C??rdova, F. J., Garcia-Le??n, A. M., Soto-Regalado, E., 

Davila-Guzman, N. E., & Salazar-Rabago, J. J. (2016). Lead biosorption onto 

coffee grounds: Comparative analysis of several optimization techniques using 

equilibrium adsorption models and ANN. Journal of the Taiwan Institute of 

Chemical Engineers, 68, 201–210.  

Guo, H., Bi, C., Zeng, C., Ma, W., Yan, L., Li, K., & Wei, K. (2018). Camellia oleifera 

seed shell carbon as an ef fi cient renewable bio-adsorbent for the adsorption 

removal of hexavalent chromium and methylene blue from aqueous solution. 

Journal of Molecular Liquids, 249, 629–636.  

Guo, X., & Wang, J. (2019). A general kinetic model for adsorption : Theoretical 

analysis and modeling. Journal of Molecular Liquids, 288, 111100.  

Gupta, V. K., & Suhas. (2009). Application of low-cost adsorbents for dye removal - A 

review. Journal of Environmental Management, 90(8), 2313–2342.  



167 

Haddad, M., Abid, S., Hamdi, M., & Bouallagui, H. (2018). Reduction of adsorbed 

dyes content in the discharged sludge coming from an industrial textile wastewater 

treatment plant using aerobic activated sludge process. Journal of Environmental 

Management, 223(March), 936–946.  

Hajam, M. El, Kandri, N. I., Harrach, A., El, A., & Zerouale, A. (2019). ScienceDirect 

Adsorption of Methylene Blue on industrial softwood waste " Cedar " and 

hardwood waste " Mahogany ": comparative study. Materials Today: Proceedings, 

13, 812–821.  

Hajialigol, S., & Masoum, S. (2019). Optimization of biosorption potential of nano 

biomass derived from walnut shell for the removal of Malachite Green from 

liquids solution : Experimental design approaches. Journal of Molecular Liquids, 

286, 110904.  

Hameed, B. H. (2009). Evaluation of papaya seeds as a novel non-conventional low-

cost adsorbent for removal of methylene blue. Journal of Hazardous Materials, 

162(2–3), 939–944.  

Hameed, K. S., Muthirulan, P., & Sundaram, M. M. (2017). Adsorption of chromotrope 

dye onto activated carbons obtained from the seeds of various plants : Equilibrium 

and kinetics studies. Arabian Journal of Chemistry, 10, S2225–S2233.  

Hamid, H. A., Jenidi, Y., Thielemans, W., Somerfield, C., & Gomes, R. L. (2016). 

Predicting the capability of carboxylated cellulose nanowhiskers for the 

remediation of copper from water using response surface methodology ( RSM ) 

and artificial neural network ( ANN ) models. Industrial Crops & Products, 93, 

108–120.  

Han, R., Wang, Y., Han, P., Shi, J., Yang, J., & Lu, Y. (2006). Removal of methylene 

blue from aqueous solution by chaff in batch mode. Journal of Hazardous 

Materials, 137(1), 550–557.  

Hanifa, A., Mia, A., Banna, H., Rana, S., Alam, A. S. A. F., Sok, C., Ruhana, C., & Er, 

A. C. (2016). City pro fi le : Narayanganj , Bangladesh. 59, 8–19.  

Haque, M. S., Nahar, N., & Sayem, S. M. (2021). Industrial water management and 

sustainability: Development of SIWP tool for textile industries of Bangladesh. 

Water Resources and Industry, 25(March), 100145.  

Hasanzadeh, M., Simchi, A., & Shahriyari, H. (2020). Journal of Industrial and 

Engineering Chemistry Nanoporous composites of activated carbon-metal organic 

frameworks for organic dye adsorption : Synthesis , adsorption mechanism and 



168 

kinetics studies. Journal of Industrial and Engineering Chemistry, 81, 405–414.  

Hashim, M. A., & Chu, K. H. (2004). Biosorption of cadmium by brown, green, and red 

seaweeds. Chemical Engineering Journal, 97(2–3), 249–255.  

Hassan, M. M., & Carr, C. M. (2018). A critical review on recent advancements of the 

removal of reactive dyes from dyehouse effluent by ion-exchange adsorbents. 

Chemosphere, 209, 201–219.  

Hassan, W., Farooq, U., Ahmad, M., & Athar, M. (2017). Potential biosorbent , 

Haloxylon recurvum plant stems , for the removal of methylene blue dye. Arabian 

Journal of Chemistry, 10, S1512–S1522.  

He, J., & Chen, J. P. (2014). A comprehensive review on biosorption of heavy metals 

by algal biomass: Materials, performances, chemistry, and modeling simulation 

tools. Bioresource Technology, 160, 67–78.  

Hessel, C., Allegre, C., Maisseu, M., Charbit, F., & Moulin, P. (2007). Guidelines and 

legislation for dye house effluents. In Journal of Environmental Management (Vol. 

83, Issue 2, pp. 171–180).  

Hii, S., Estrop, L., & Wong, C. (2011). Adsorption of reactive blue 4 onto the 

chemically modified red seaweed Amphiroa foliacea: Equilibrium, kinetics and 

modeling studies. African Journal of Business Management, 6(31), 7171–7182.  

Ho, Y. S., & McKay, G. (1999). Pseudo-second order model for sorption processes. 

Process Biochemistry, 34(5), 451–465.  

Holkar, C. R., Jadhav, A. J., Pinjari, D. V., Mahamuni, N. M., & Pandit, A. B. (2016a). 

A critical review on textile wastewater treatments: Possible approaches. Journal of 

Environmental Management, 182, 351–366.  

Holkar, C. R., Jadhav, A. J., Pinjari, D. V., Mahamuni, N. M., & Pandit, A. B. (2016b). 

A critical review on textile wastewater treatments: Possible approaches. Journal of 

Environmental Management, 182, 351–366. 

Hong, T., Dang, Y., Zhou, D., & Hu, Y. (2016). Study on the oxidative characteristics 

of organics in bio-treated textile wastewater by VUV / US / O 3 process. Chemical 

Engineering Journal, 306, 560–567.  

Hossain, L., Sarker, S. K., & Khan, M. S. (2018). Evaluation of present and future 

wastewater impacts of textile dyeing industries in Bangladesh. Environmental 



169 

Development, 26(March), 23–33.  

Huang, B., Zhao, J., Geng, Y., Tian, Y., & Jiang, P. (2017). Resources , Conservation 

and Recycling Energy-related GHG emissions of the textile industry in China. 

“Resources, Conservation & Recycling,” 119, 69–77.  

Huang, J., Liu, D., Lu, J., Wang, H., Wei, X., & Liu, J. (2016). Biosorption of reactive 

black 5 by modified Aspergillus versicolor biomass: Kinetics, capacity and 

mechanism studies. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 492, 242–248.  

Huang, L., Shuai, Q., & Hu, S. (2019). Tannin-based magnetic porous organic polymers 

as robust scavengers for methylene blue and lead ions. Journal of Cleaner 

Production, 215, 280–289.  

Hubbe, M. A., Beck, K. R., O’Neal, W. G., & Sharma, Y. C. (2012). Cellulosic 

substrates for removal of pollutants from aqueous systems: A review. 2. Dyes. 

BioResources, 7(2), 2592–2687.  

Hui, C., Tan, C., Sabar, S., & Hussin, M. H. (2018). South African Journal of Chemical 

Engineering Development of immobilized microcrystalline cellulose as an e ff 

ective adsorbent for methylene blue dye removal. South African Journal of 

Chemical Engineering, 26(July), 11–24.  

Hunger (2002). Industrial dyes: Chemistry, properties, applications. Frankfurt. Wiley-

VCH. 

Hynes, N. R. J., Kumar, J. S., Kamyab, H., Sujana, J. A. J., Al-Khashman, O. A., Kuslu, 

Y., Ene, A., & Suresh Kumar, B. (2020). Modern enabling techniques and 

adsorbents based dye removal with sustainability concerns in textile industrial 

sector -A comprehensive review. Journal of Cleaner Production, 272, 122636.  

Ighalo, J. O., Iwuozor, K. O., Igwegbe, C. A., & Adeniyi, A. G. (2021). Verification of 

pore size effect on aqueous-phase adsorption kinetics: A case study of methylene 

blue. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 

626(July), 127119.  

Inam, E., Etim, U. J., Akpabio, E. G., & Umoren, S. A. (2017). Process optimization for 

the application of carbon from plantain peels in dye abstraction. Integrative 

Medicine Research, 11(1), 173–185.  

Iqbal, A., Sabar, S., Mun-yee, M. K., Asshifa, M. N. N., Yahya, A. R. M., & Adam, F. 

(2018). Journal of Environmental Chemical Engineering Pseudomonas aeruginosa 



170 

USM-AR2 / SiO 2 biosorbent for the adsorption of methylene blue. Journal of 

Environmental Chemical Engineering, 6(4), 4908–4916.  

Isik, Z., Bezirhan, E., Daoud, H., & Dizge, N. (2019). Bioresource Technology Reports 

Bioactive ultra fi ltration membrane manufactured from Aspergillus carbonarius 

M333 fi lamentous fungi for treatment of real textile wastewater. Bioresource 

Technology Reports, 5(December 2018), 212–219.  

Islam, J. B., Sarkar, M., Rahman, A. K. M. L., & Ahmed, K. S. (2015). Quantitative 

assessment of toxicity in the Shitalakkhya River , Bangladesh. The Egyptian 

Journal of Aquatic Research, 41(1), 25–30.  

Jabatan Alam Sekitar (2018), Repot Pemantauan Kilang Textile. JAS Johor. 

Jafari, S. A., Jamali, A., & Hosseini, A. (2015). Cadmium removal from aqueous 

solution by brown seaweed, Sargassum angustifolium. Korean Journal of 

Chemical Engineering, 32(10), 2053–2066.  

Jain, S. N., & Gogate, P. R. (2018). Efficient removal of Acid Green 25 dye from 

wastewater using activated Prunus Dulcis as biosorbent: Batch and column studies. 

Journal of Environmental Management, 210, 226–238.  

Jamshidi, M., Ghaedi, M., Dashtian, K., Ghaedi,  a M., Hajati, S., Goudarzi,  a, & 

Alipanahpour, E. (2015). Highly efficient simultaneous ultrasonic assisted 

adsorption of brilliant green and eosin B onto ZnS nanoparticles loaded activated 

carbon: Artificial neural network modeling and central composite design 

optimization. Spectrochimica Acta. Part A, Molecular and Biomolecular 

Spectroscopy, 153, 257–267.  

Jaswir, I., Tope, A. T., Raus, R. A., Ademola, H., & Ramli, N. (2014). Food 

Hydrocolloids Study on anti-bacterial potentials of some Malaysian brown 

seaweeds. Food Hydrocolloids, 42, 275–279.  

Jayakumar, R., Rajasimman, M., & Karthikeyan, C. (2015). Optimization, equilibrium, 

kinetic, thermodynamic and desorption studies on the sorption of Cu(II) from an 

aqueous solution using marine green algae: Halimeda gracilis. Ecotoxicology and 

Environmental Safety, 121, 199–210.  

Jayaraj, R., Mohan, M. C., & Prasath, P. M. D. (2011). Malachite Green Dye Removal 

Using the Seaweed Enteromorpha. Ecotoxicology and Environmental Safety, 

1218(2), 649–656. 

Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2017a). Effect of 



171 

seaweed on mechanical, thermal, and biodegradation properties of thermoplastic 

sugar palm starch/agar composites. International Journal of Biological 

Macromolecules, 99, 265–273.  

Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2017b). Thermal, 

mechanical, and physical properties of seaweed/sugar palm fibre reinforced 

thermoplastic sugar palm Starch/Agar hybrid composites. International Journal of 

Biological Macromolecules, 97, 606–615.  

Kang, O. L., Ramli, N., Said, M., Ahmad, M., Yasir, S. M., & Ariff, A. (2011). 

Kappaphycus alvarezii waste biomass: A potential biosorbent for chromium ions 

removal. Journal of Environmental Sciences, 23(6), 918–922.  

Kang, Y., Yoon, H., Lee, C., Kim, E., & Chang, Y. (2019). Advanced oxidation and 

adsorptive bubble separation of dyes using MnO 2 -coated Fe 3 O 4 

nanocomposite. Water Research, 151, 413–422.  

Karri, R. R., Tanzifi, M., Tavakkoli Yaraki, M., & Sahu, J. N. (2018). Optimization and 

modeling of methyl orange adsorption onto polyaniline nano-adsorbent through 

response surface methodology and differential evolution embedded neural 

network. Journal of Environmental Management, 223(June), 517–529.  

Katheresan, V., Kansedo, J., & Lau, S. Y. (2018). Efficiency of Various Recent 

Wastewater Dye Removal Methods: A Review. Journal of Environmental 

Chemical Engineering, 6(February), 4676–4697.  

Katiyar, R., Patel, A. K., Nguyen, T. B., Singhania, R. R., Chen, C. W., & Dong, C. Di. 

(2021). Adsorption of copper (II) in aqueous solution using biochars derived from 

Ascophyllum nodosum seaweed. Bioresource Technology, 328(February), 124829.  

Kaur, K., & Jindal, R. (2018). Journal of Environmental Chemical Engineering 

Synergistic effect of organic-inorganic hybrid nanocomposite ion exchanger on 

photocatalytic degradation of Rhodamine-B dye and heavy metal ion removal from 

industrial effluents. Journal of Environmental Chemical Engineering, 6(6), 7091–

7101.  

Khaled, A., El Nemr, A., El-Sikaily, A., & Abdelwahab, O. (2009). Treatment of 

artificial textile dye effluent containing Direct Yellow 12 by orange peel carbon. 

Desalination, 238(1–3), 210–232.  

Khan, F. S. A., Mubarak, N. M., Tan, Y. H., Khalid, M., Karri, R. R., Walvekar, R., 

Abdullah, E. C., Nizamuddin, S., & Mazari, S. A. (2021). A comprehensive review 

on magnetic carbon nanotubes and carbon nanotube-based buckypaper for removal 



172 

of heavy metals and dyes. Journal of Hazardous Materials, 413(February), 

125375.  

Khodabandehloo, A., Rahbar-kelishami, A., & Shayesteh, H. (2017). Methylene blue 

removal using Salix babylonica ( Weeping willow ) leaves powder as a low-cost 

biosorbent in batch mode : Kinetic , equilibrium , and thermodynamic studies. 

Journal of Molecular Liquids, 244, 540–548. 

Khorasani, A. C., & Shojaosadati, S. A. (2019). Journal of Environmental Chemical 

Engineering Magnetic pectin- Chlorella vulgaris biosorbent for the adsorption of 

dyes. Journal of Environmental Chemical Engineering, 7(3), 103062.  

Khumalo, N. P., Nthunya, L. N., Canck, E. De, Derese, S., Verliefde, A. R., & 

Kuvarega, A. T. (2019). Separation and Puri fi cation Technology Congo red dye 

removal by direct membrane distillation using PVDF / PTFE membrane. 

Separation and Purification Technology, 211(September 2018), 578–586.  

Kim, S. Y., Jin, M. R., Chung, C. H., Yun, Y. S., Jahng, K. Y., & Yu, K. Y. (2015). 

Biosorption of cationic basic dye and cadmium by the novel biosorbent Bacillus 

catenulatus JB-022 strain. Journal of Bioscience and Bioengineering, 119(4), 433–

439.  

Kishor, R., Purchase, D., Saratale, G. D., Saratale, R. G., Ferreira, L. F. R., Bilal, M., 

Chandra, R., & Bharagava, R. N. (2021). Ecotoxicological and health concerns of 

persistent coloring pollutants of textile industry wastewater and treatment 

approaches for environmental safety. Journal of Environmental Chemical 

Engineering, 9(2), 105012.  

Köktürk, M., Altindağ, F., Ozhan, G., Çalimli, M. H., & Nas, M. S. (2021). Textile dyes 

Maxilon blue 5G and Reactive blue 203 induce acute toxicity and DNA damage 

during embryonic development of Danio rerio. Comparative Biochemistry and 

Physiology Part - C: Toxicology and Pharmacology, 242(November 2020).  

Kousha, M., Daneshvar, E., Sohrabi, M. S., Jokar, M., & Bhatnagar, A. (2012). 

Adsorption of acid orange II dye by raw and chemically modified brown 

macroalga Stoechospermum marginatum. Chemical Engineering Journal, 192, 67–

76.  

Koyuncu, H., & Kul, A. R. (2020). Biosorption study for removal of methylene blue 

dye from aqueous solution using a novel activated carbon obtained from nonliving 

lichen (Pseudevernia furfuracea (L.) Zopf.). Surfaces and Interfaces, 19(May).  

Krishnappa, P. B., & Badalamoole, V. (2019). International Journal of Biological 



173 

Macromolecules Karaya gum- graft -poly ( 2- ( dimethylamino ) ethyl 

methacrylate ) gel : An ef fi cient adsorbent for removal of ionic dyes from water. 

International Journal of Biological Macromolecules, 122, 997–1007.  

Kumar, D., Pandey, L. K., & Gaur, J. P. (2016). Metal sorption by algal biomass: From 

batch to continuous system. Algal Research, 18, 95–109.  

Kumar, S., Patra, P., Ranjan, C., & Raut, S. (2019). Pilot-scale evaluation of bio-

decolorization and biodegradation of reactive textile wastewater : An impact on its 

use in irrigation of wheat crop. Water Resources and Industry, 21(December 

2018), 100106.  

Kumar, V. (2019). Adsorption kinetics and isotherms for the removal of rhodamine B 

dye and Pb + 2 ions from aqueous solutions by a hybrid ion-exchanger. Arabian 

Journal of Chemistry, 12(3), 316–329.  

Kuppusamy, S., Venkateswarlu, K., Thavamani, P., Lee, Y. B., Naidu, R., & Megharaj, 

M. (2017). Quercus robur acorn peel as a novel coagulating adsorbent for cationic 

dye removal from aquatic ecosystems. Ecological Engineering, 101, 3–8.  

Lakshmi, D., Porada, S., & Sillanpää, M. (2019). Marine algae : A promising resource 

for the selective recovery of scandium and rare earth elements from aqueous 

systems. Chemical Engineering Journal, 371(February), 759–768.  

Langmuir, I. (1916). The constitution and fundamental properties of solids and liquids. 

Journal of the American Chemical Society, 38, 2221–2295.  

Lebron, Y. A. R., Moreira, V. R., Santos, L. V. S., & Jacob, R. S. (2018). Journal of 

Environmental Chemical Engineering Remediation of methylene blue from 

aqueous solution by Chlorella pyrenoidosa and Spirulina maxima biosorption : 

Equilibrium , kinetics , thermodynamics and optimization studies. Journal of 

Environmental Chemical Engineering, 6(5), 6680–6690.  

Lee, K. E., Hanafiah, M. M., Halim, A. A., & Mahmud, M. H. (2015). Primary 

Treatment of Dye Wastewater Using Aloe Vera-aided Aluminium and Magnesium 

Hybrid Coagulants. Procedia Environmental Sciences, 30, 56–61.  

Lhanafi, S., Anfar, Z., Chebli, B., Benafqir, M., El Haouti, R., Azougarh, Y., Abbaz, 

M., & El Alem, N. (2018). Factorial experimental design to enhance methane 

production of dairy wastes co-digestion. Sustainable Environment Research.  

Li, J., Li, H., Yuan, Z., Fang, J., Chang, L., Zhang, H., & Li, C. (2019). International 

Journal of Biological Macromolecules Role of sulfonation in lignin-based material 



174 

for adsorption removal of cationic dyes. International Journal of Biological 

Macromolecules, 135, 1171–1181.  

Li, W., Mu, B., & Yang, Y. (2019). Bioresource Technology Feasibility of industrial-

scale treatment of dye wastewater via bio- adsorption technology. Bioresource 

Technology, January, 0–1.  

Li, W., Xie, Z., Xue, S., Ye, H., Liu, M., Shi, W., & Liu, Y. (2021). Studies on the 

adsorption of dyes, Methylene blue, Safranin T, and Malachite green onto 

Polystyrene foam. Separation and Purification Technology, 276(July), 119435.  

Li, X. L., Zhang, W., Huang, Y. Q., Wang, Q., & Yang, J. M. (2021). Superior 

adsorptive removal of azo dyes from aqueous solution by a Ni(II)-doped metal–

organic framework. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 619(April), 126549.  

Li, X., Tang, S., Yuan, D., Tang, J., Zhang, C., Li, N., & Rao, Y. (2019). Ecotoxicology 

and Environmental Safety Improved degradation of anthraquinone dye by 

electrochemical activation of PDS. 177(January), 77–85.  

Lim, S. L., Chu, W. L., & Phang, S. M. (2010). Use of Chlorella vulgaris for 

bioremediation of textile wastewater. Bioresource Technology, 101(19), 7314–

7322.  

Lima, E. C., Royer, B., Vaghetti, J. C. P., Simon, N. M., da Cunha, B. M., Pavan, F. A., 

Benvenutti, E. V., Cataluña-Veses, R., & Airoldi, C. (2008). Application of 

Brazilian pine-fruit shell as a biosorbent to removal of reactive red 194 textile dye 

from aqueous solution. Kinetics and equilibrium study. Journal of Hazardous 

Materials, 155(3), 536–550.  

Lima Santos Klienchen Dalari, B., Lisboa Giroletti, C., Dalri-Cecato, L., Gonzaga 

Domingos, D., & Nagel Hassemer, M. E. (2020). Application of heterogeneous 

photo-fenton process using chitosan beads for textile wastewater treatment. 

Journal of Environmental Chemical Engineering, 8(4), 103893.  

Lin, B., & Bai, R. (2020). Dynamic energy performance evaluation of Chinese textile 

industry. Energy, 199(May 2019), 117388.  

Liu, J., Chen, F., Li, C., Lu, L., Hu, C., Wei, Y., Raymer, P., & Huang, Q. (2019). 

Characterization and utilization of industrial microbial waste as novel adsorbent to 

remove single and mixed dyes from water. Journal of Cleaner Production, 208, 

552–562.  



175 

Liu, Yinghui, Cao, Q., Luo, F., & Chen, J. (2009). Biosorption of Cd2+, Cu2+, Ni2+ 

and Zn2+ ions from aqueous solutions by pretreated biomass of brown algae. 

Journal of Hazardous Materials, 163(2–3), 931–938.  

Liu, Yu, & Liu, Y. J. (2008). Biosorption isotherms, kinetics and thermodynamics. 

Separation and Purification Technology, 61(3), 229–242.  

Lopes, E. C. N., Dos Anjos, F. S. C., Vieira, E. F. S., & Cestari, A. R. (2003). An 

alternative Avrami equation to evaluate kinetic parameters of the interaction of 

Hg(II) with thin chitosan membranes. Journal of Colloid and Interface Science, 

263(2), 542–547.  

Lucato, W. C., Costa, E. M., & de Oliveira Neto, G. C. (2017). The environmental 

performance of SMEs in the Brazilian textile industry and the relationship with 

their financial performance. Journal of Environmental Management, 203, 550–

556.  

Magriotis, Z. M., Carvalho, M. Z., De Sales, P. F., Alves, F. C., Resende, R. F., & 

Saczk, A. A. (2014). Castor bean (Ricinus communis L.) presscake from biodiesel 

production: An efficient low cost adsorbent for removal of textile dyes. Journal of 

Environmental Chemical Engineering, 2(3), 1731–1740.  

Mahmoud, M. S., Mostafa, M. K., Mohamed, S. A., Sobhy, N. A., & Nasr, M. (2017). 

Bioremediation of red azo dye from aqueous solutions by Aspergillus niger strain 

isolated from textile wastewater. Journal of Environmental Chemical Engineering, 

5(1), 547–554.  

Mandal, S., Mahapatra, S. S., & Patel, R. K. (2015). Enhanced removal of Cr(VI) by 

cerium oxide polyaniline composite: Optimization and modeling approach using 

response surface methodology and artificial neural networks. Journal of 

Environmental Chemical Engineering, 3(2), 870–885.  

Manna, S., Roy, D., Saha, P., Gopakumar, D., & Thomas, S. (2017). Rapid methylene 

blue adsorption using modified lignocellulosic materials. Process Safety and 

Environmental Protection, 107, 346–356.  

Maria, A., Berdu, J., Jr, G., Fernando, W., Silva-santos, C., Costa, M., & Baruque-

ramos, J. (2017). ScienceDirect ScienceDirect Brazilian silk production : economic 

and sustainability aspects. Procedia Engineering, 200, 89–95.  

Mariño, M., Breckwoldt, A., Teichberg, M., Kase, A., & Reuter, H. (2019). Livelihood 

aspects of seaweed farming in Rote Island , Indonesia. Marine Policy, 107(June), 

103600.  



176 

Marrakchi, F., Fazeli Zafar, F., Wei, M., & Wang, S. (2021). Cross-linked FeCl3-

activated seaweed carbon/MCM-41/alginate hydrogel composite for effective 

biosorption of bisphenol A plasticizer and basic dye from aqueous solution. 

Bioresource Technology, 331(March), 125046.  

Marzbali, M. H., Mir, A. A., Pazoki, M., Pourjamshidian, R., & Tabeshnia, M. (2017). 

Removal of direct yellow 12 from aqueous solution by adsorption onto spirulina 

algae as a high-efficiency adsorbent. Journal of Environmental Chemical 

Engineering, 5(2), 1946–1956.  

Mathur, N., Bhatnagar, P., Nagar, P., & Bijarnia, M. K. (2005). Mutagenicity 

assessment of effluents from textile/dye industries of Sanganer, Jaipur (India): A 

case study. Ecotoxicology and Environmental Safety, 61(1), 105–113.  

Medeiros, A. C., Faial, K. R. F., do Carmo Freitas Faial, K., da Silva Lopes, I. D., de 

Oliveira Lima, M., Guimarães, R. M., & Mendonça, N. M. (2017). Quality index 

of the surface water of Amazonian rivers in industrial areas in Pará, Brazil. Marine 

Pollution Bulletin, 123(1–2), 156–164. 

Meili, L., Lins, P. V. S., Costa, M. T., Almeida, R. L., Abud, A. K. S., Soletti, J. I., 

Dotto, G. L., Tanabe, E. H., Sellaoui, L., Carvalho, S. H. V, & Erto, A. (2019). 

Adsorption of methylene blue on agroindustrial wastes : Experimental 

investigation and phenomenological modelling. Progress in Biophysics and 

Molecular Biology, 141, 60–71.  

Meng, S., Yu, S., Tang, F., Hu, X., Lu, J., Fei, X., & Zhu, M. (2021). Fiber engineering 

of silica-based aerogels with surface specificity and regenerability for continuous 

removal of dye pollutants from wastewaters. Microporous and Mesoporous 

Materials, 314(December 2020), 110874.  

Mitrogiannis, D., Markou, G., Çelekli, A., & Bozkurt, H. (2015). Biosorption of 

methylene blue onto Arthrospira platensis biomass: Kinetic, equilibrium and 

thermodynamic studies. Journal of Environmental Chemical Engineering, 3(2), 

670–680.  

Moghaddari, M., Yousefi, F., Ghaedi, M., & Dashtian, K. (2018). A simple approach 

for the sonochemical loading of Au, Ag and Pd nanoparticle on functionalized 

MWCNT and subsequent dispersion studies for removal of organic dyes: Artificial 

neural network and response surface methodology studies. Ultrasonics 

Sonochemistry, 42(December 2017), 422–433.  

Moghazy, R. M., Labena, A., & Husien, S. (2019). International Journal of Biological 

Macromolecules Eco-friendly complementary biosorption process of methylene 

blue using micro-sized dried biosorbents of two macro-algal species ( Ulva 



177 

fasciata and Sargassum dentifolium ): Full factorial design , equilib. International 

Journal of Biological Macromolecules, 134, 330–343.  

Mohammadikish, M., & Jahanshiri, D. (2020). Rapid adsorption of cationic and anionic 

dyes from aqueous solution via metal-based coordination polymers nanoparticles. 

Solid State Sciences, 99(September 2019), 106063.  

Mohammadzadeh, A., Ramezani, M., & Ghaedi, A. M. (2016). Synthesis and 

characterization of Fe2O3-ZnO-ZnFe2O4/carbon nanocomposite and its 

application to removal of bromophenol blue dye using ultrasonic assisted method: 

Optimization by response surface methodology and genetic algorithm. Journal of 

the Taiwan Institute of Chemical Engineers, 59, 275–284.  

Mokhtar, N. M., Lau, W. J., Ismail, A. F., Kartohardjono, S., Lai, S. O., & Teoh, H. C. 

(2016). The potential of direct contact membrane distillation for industrial textile 

wastewater treatment using PVDF-Cloisite 15A nanocomposite membrane. 

Chemical Engineering Research and Design, 111, 284–293.  

Momeni, M. M., Kahforoushan, D., Abbasi, F., & Ghanbarian, S. (2018). Using 

Chitosan/CHPATC as coagulant to remove color and turbidity of industrial 

wastewater: Optimization through RSM design. Journal of Environmental 

Management, 211, 347–355.  

Morosanu, I., Teodosiu, C., Coroaba, A., & Paduraru, C. (2019). Sequencing batch 

biosorption of micropollutants from aqueous effluents by rapeseed waste: 

Experimental assessment and statistical modelling. Journal of Environmental 

Management, 230(January 2019), 110–118.  

Morosanu, I., Teodosiu, C., Paduraru, C., Ibanescu, D., & Tofan, L. (2017). Biosorption 

of lead ions from aqueous ef fl uents by rapeseed biomass. New 

BIOTECHNOLOGY, 39, 110–124.  

Muda, K., Aris, A., Salim, M. R., & Ibrahim, Z. (2013). Sequential Anaerobic-Aerobic 

Phase Strategy Using Microbial Granular Sludge for Textile Wastewater 

Treatment. Biomass Now – Sustainable Growth and Use, 231–264.  

Munasinghe, M., Jayasinghe, P., Ralapanawe, V., & Gajanayake, A. (2016). 

Supply/value chain analysis of carbon and energy footprint of garment 

manufacturing in Sri Lanka. Sustainable Production and Consumption, 5(October 

2015), 51–64.  

Murphy, V., Hughes, H., & McLoughlin, P. (2008). Comparative study of chromium 

biosorption by red, green and brown seaweed biomass. Chemosphere, 70(6), 



178 

1128–1134.  

Musa, H., & Chinniah, M. (2016). Malaysian SMEs Development: Future and 

Challenges on Going Green. Procedia - Social and Behavioral Sciences, 

224(August 2015), 254–262.  

Mustafa, G., Tariq Zahid, M., Ali, S., Zaghum Abbas, S., & Rafatullah, M. (2021). 

Biodegradation and discoloration of disperse blue-284 textile dye by Klebsiella 

pneumoniae GM-04 bacterial isolate. Journal of King Saud University - Science, 

33(4), 101442. 

Nadeem, K., Tezcanl, G., Keskinler, B., & Dizge, N. (2019). Investigation of 

segregated wastewater streams reusability with membrane process for textile 

industry. 228, 1437–1445.  

Nagappan, H., Ping, P., Hui, S., Kee, Y., Tsong, J., Wan, S., Yee, L., & Weng, K. 

(2017). Malaysian brown seaweeds Sargassum siliquosum and Sargassum 

polycystum : Low density lipoprotein ( LDL ) oxidation , angiotensin converting 

enzyme ( ACE ), α -amylase , and α -glucosidase inhibition activities. Food 

Research International, 99, 950–958.  

Nageeb El-Helaly, S., Habib, B. A., & Abd El-Rahman, M. K. (2018). Resolution V 

fractional factorial design for screening of factors affecting weakly basic drugs 

liposomal systems. European Journal of Pharmaceutical Sciences, 119(April), 

249–258.  

Nagy, B., Mǎicǎneanu, A., Indolean, C., Mânzatu, C., Silaghi-Dumitrescu, L., & 

Majdik, C. (2014). Comparative study of Cd(II) biosorption on cultivated Agaricus 

bisporus and wild Lactarius piperatus based biocomposites. Linear and nonlinear 

equilibrium modelling and kinetics. Journal of the Taiwan Institute of Chemical 

Engineers, 45(3), 921–929.  

Nakhate, P. H., Moradiya, K. K., Patil, H. G., Marathe, K. V, & Yadav, G. D. (2020). 

Case study on sustainability of textile wastewater treatment plant based on 

lifecycle assessment approach. Journal of Cleaner Production, 245, 118929.  

Nandiyanto, A. B. D., Oktiani, R., & Ragadhita, R. (2019). How to read and interpret 

FT-IR spectroscope of organic material. Indonesian Journal of Science and 

Technology, 4(1), 97–118.  

Nascimento Júnior, W. J., Silva, M. G. C., & Vieira, M. G. A. (2020). Competitive 

fixed-bed biosorption of Ag(I) and Cu(II) ions on Sargassum filipendula seaweed 

waste. Journal of Water Process Engineering, 36(April). 



179 

Navamani Kartic, D., Aditya Narayana, B. C. H., & Arivazhagan, M. (2018). Removal 

of high concentration of sulfate from pigment industry effluent by chemical 

precipitation using barium chloride: RSM and ANN modeling approach. Journal 

of Environmental Management, 206, 69–76.  

Navarro, A. E., Portales, R. F., Sun-Kou, M. R., & Llanos, B. P. (2008). Effect of pH 

on phenol biosorption by marine seaweeds. Journal of Hazardous Materials, 

156(1–3), 405–411.  

Nayak, A. K., & Pal, A. (2017). Green and efficient biosorptive removal of methylene 

blue by Abelmoschus esculentus seed: Process optimization and multi-variate 

modeling. Journal of Environmental Management, 200, 145–159.  

Ncibi, M. C., Altenor, S., Seffen, M., Brouers, F., & Gaspard, S. (2008). Modelling 

single compound adsorption onto porous and non-porous sorbents using a 

deformed Weibull exponential isotherm. Chemical Engineering Journal, 145(2), 

196–202.  

Ncibi, M. C., Ranguin, R., Pintor, M. J., Jeanne-Rose, V., Sillanpää, M., & Gaspard, S. 

(2014). Preparation and characterization of chemically activated carbons derived 

from Mediterranean Posidonia oceanica (L.) fibres. Journal of Analytical and 

Applied Pyrolysis, 109, 205–214.  

Nguyen, T. A., & Juang, R. S. (2013). Treatment of waters and wastewaters containing 

sulfur dyes: A review. Chemical Engineering Journal, 219, 109–117.  

Nidheesh, P. V, Zhou, M., & Oturan, M. A. (2018). Chemosphere An overview on the 

removal of synthetic dyes from water by electrochemical advanced oxidation 

processes. Chemosphere, 197, 210–227.  

Ning, X., Wang, J., Li, R., Wen, W., Chen, C., Wang, Y., Yang, Z., & Liu, J. (2015). 

Chemosphere Fate of volatile aromatic hydrocarbons in the wastewater from six 

textile dyeing wastewater treatment plants. Chemosphere, 136, 50–55.  

Nippatla, N., & Philip, L. (2019). Electrocoagulation-floatation assisted pulsed power 

plasma technology for the complete mineralization of potentially toxic dyes and 

real textile  

Njoku, V. O., Foo, K. Y., Asif, M., & Hameed, B. H. (2014). Preparation of activated 

carbons from rambutan (Nephelium lappaceum) peel by microwave-induced KOH 

activation for acid yellow 17 dye adsorption. Chemical Engineering Journal, 250, 

198–204.  



180 

Nordin, N., Amir, S. F. M., Riyanto, & Othman, M. R. (2013). Textile industries 

wastewater treatment by electrochemical oxidation technique using metal plate. 

International Journal of Electrochemical Science, 8(9), 11403–11415. 

Núñez, J., Yeber, M., Cisternas, N., Thibaut, R., Medina, P., & Carrasco, C. (2019). 

Application of electrocoagulation for the efficient pollutants removal to reuse the 

treated wastewater in the dyeing process of the textile industry. Journal of 

Hazardous Materials, 371(March), 705–711.  

Oguntimein, G. B. (2015). Biosorption of dye from textile wastewater effluent onto 

alkali treated dried sunflower seed hull and design of a batch adsorber. Journal of 

Environmental Chemical Engineering, 3(4), 2647–2661.  

Okman, I., Karagöz, S., Tay, T., & Erdem, M. (2014). Activated carbons from grape 

seeds by chemical activation with potassium carbonate and potassium hydroxide. 

Applied Surface Science, 293, 138–142.  

Olivares-Marín, M., Fernández-González, C., Macías-García, A., & Gómez-Serrano, V. 

(2006). Preparation of activated carbons from cherry stones by activation with 

potassium hydroxide. Applied Surface Science, 252(17), 5980–5983.  

Oliveira, A. P. de, Módenes, A. N., Bragião, M. E., Hinterholz, C. L., Trigueros, D. E. 

G., & de O. Bezerra, I. G. (2018). Use of grape pomace as a biosorbent for the 

removal of the Brown KROM KGT dye. Bioresource Technology Reports, 

2(March), 92–99.  

Osagie, C., Othmani, A., Ghosh, S., Malloum, A., Kashitarash Esfahani, Z., & Ahmadi, 

S. (2021). Dyes adsorption from aqueous media through the nanotechnology: A 

review. Journal of Materials Research and Technology, 14, 2195–2218.  

Ozbay, N., & Yargic, A. S. (2015). Factorial experimental design for Remazol Yellow 

dye sorption using apple pulp/apple pulp carbon-titanium dioxide co-sorbent. 

Journal of Cleaner Production, 100, 333–343.  

Özer, A., Gürbüz, G., Ayla, C., & Körbahti, B. K. (2009). Biosorption of copper ( II ) 

ions on Enteromorpha prolifera : Application of response surface methodology ( 

RSM ). Chemical Engineering Journal Journal, 146, 377–387.  

Pandimurugan, R., & Thambidurai, S. (2016). Synthesis of seaweed-ZnO-PANI hybrid 

composite for adsorption of methylene blue dye. Journal of Environmental 

Chemical Engineering, 4(1), 1332–1347.  

Pang, Y. L., & Abdullah, A. Z. (2013). Current status of textile industry wastewater 



181 

management and research progress in malaysia: A review. Clean - Soil, Air, Water, 

41(8), 751–764. 

Parrott, J. L., Bartlett, A. J., & Balakrishnan, V. K. (2016). Chronic toxicity of azo and 

anthracenedione dyes to embryo-larval fathead minnow. Environmental Pollution, 

210, 40–47. 

Patel, D., Bapodra, S. L., Madamwar, D., & Desai, C. (2021). Electroactive bacterial 

community augmentation enhances the performance of a pilot scale constructed 

wetland microbial fuel cell for treatment of textile dye wastewater. Bioresource 

Technology, 332(April), 125088.  

Pathania, D., Sharma, S., & Singh, P. (2017). Removal of methylene blue by adsorption 

onto activated carbon developed from Ficus carica bast. Arabian Journal of 

Chemistry, 10, S1445–S1451.  

Patra, C., Suganya, E., Sivaprakasam, S., Krishnamoorthy, G., & Narayanasamy, S. 

(2021). A detailed insight on fabricated porous chitosan in eliminating synthetic 

anionic dyes from single and multi-adsorptive systems with related studies. 

Chemosphere, 281(April), 130706. 

Pereira, L., Amado, A. M., Critchley, A. T., van de Velde, F., & Ribeiro-Claro, P. J. A. 

(2009). Identification of selected seaweed polysaccharides (phycocolloids) by 

vibrational spectroscopy (FT-IR-ATR and FT-Raman). Food Hydrocolloids, 23(7), 

1903–1909.  

Podder, M. S., & Majumder, C. B. (2015). SD/MnFe2O4 composite, a biosorbent for 

As(III) and As(V) removal from wastewater: Optimization and isotherm study. 

Journal of Molecular Liquids, 212, 382–404.  

Podder, M. S., & Majumder, C. B. (2016). The use of artificial neural network for 

modelling of phycoremediation of toxic elements As(III) and As(V) from 

wastewater using Botryococcus braunii. Spectrochimica Acta - Part A: Molecular 

and Biomolecular Spectroscopy, 155, 130–145.  

Podstawczyk, D., Witek-Krowiak, A., Dawiec, A., & Bhatnagar, A. (2015). Biosorption 

of copper(II) ions by flax meal: Empirical modeling and process optimization by 

response surface methodology (RSM) and artificial neural network (ANN) 

simulation. Ecological Engineering, 83, 364–379.  

Rajaguru, P., Vidya, L., Baskarasethupathi, B., Kumar, P. a, Palanivel, M., & 

Kalaiselvi, K. (2002). Genotoxicity evaluation of polluted ground water in human 

peripheral blood lymphocytes using the comet assay. Mutation Research, 517(1–



182 

2), 29–37.  

Ramírez-Aparicio, J., Samaniego-Benítez, J. E., Murillo-Tovar, M. A., Benítez-Benítez, 

J. L., Muñoz-Sandoval, E., & García-Betancourt, M. L. (2021). Removal and 

surface photocatalytic degradation of methylene blue on carbon nanostructures. 

Diamond and Related Materials, 119(July).  

Rangabhashiyam, S., Anu, N., & Selvaraju, N. (2013). Sequestration of dye from textile 

industry wastewater using agricultural waste products as adsorbents. Journal of 

Environmental Chemical Engineering, 1(4), 629–641.  

Rangabhashiyam, S., & Balasubramanian, P. (2019). Bioresource Technology Reports 

Characteristics , performances , equilibrium and kinetic modeling aspects of heavy 

metal removal using algae. Bioresource Technology Reports, 5(August 2018), 

261–279.  

Rangabhashiyam, S., Lata, S., & Balasubramanian, P. (2018). Biosorption 

characteristics of methylene blue and malachite green from simulated wastewater 

onto Carica papaya wood biosorbent. Surfaces and Interfaces, 10(March 2017), 

197–215.  

Rathinam, A., Rao, J. R., & Nair, B. U. (2011). Adsorption of phenol onto activated 

carbon from seaweed: Determination of the optimal experimental parameters using 

factorial design. Journal of the Taiwan Institute of Chemical Engineers, 42(6), 

952–956.  

Rathod, M., Mody, K., & Basha, S. (2014). Efficient removal of phosphate from 

aqueous solutions by red seaweed, Kappaphycus alverezii. Journal of Cleaner 

Production, 84(1), 484–493. 

Reck, I. M., Paixão, R. M., Bergamasco, R., Vieira, M. F., & Vieira, A. M. S. (2018). 

Removal of tartrazine from aqueous solutions using adsorbents based on activated 

carbon and Moringa oleifera seeds. Journal of Cleaner Production, 171, 85–97. 7 

Rehman, R., Farooq, S., & Mahmud, T. (2019). Use of Agro-waste Musa acuminata 

and Solanum tuberosum peels for economical sorptive removal of Emerald green 

dye in ecofriendly way. Journal of Cleaner Production, 206, 819–826.  

Regan, H(200, Sept). Asian rivers turning black. and our colourful closets are the 

blame. CNN-Style. Retrieves from https://edition.cnn.com/style/article/dyeing-

pollution-fashion-intl-hnk-dst-sept/index.html 

Reza, H., Reza, M., & Ghaedi, M. (2019). Chemosphere Potentiality of white-rot fungi 



183 

in biosorption of nickel and cadmium : Modeling optimization and kinetics study. 

Chemosphere, 216, 124–130.  

Royer, B., Cardoso, N. F., Lima, E. C., Vaghetti, J. C. P., Simon, N. M., Calvete, T., & 

Veses, R. C. (2009). Applications of Brazilian pine-fruit shell in natural and 

carbonized forms as adsorbents to removal of methylene blue from aqueous 

solutions-Kinetic and equilibrium study. Journal of Hazardous Materials, 164(2–

3), 1213–1222.  

Saad, S. A., Isa, K. M., & Bahari, R. (2010). Chemically modified sugarcane bagasse as 

a potentially low-cost biosorbent for dye removal. Desalination, 264(1–2), 123–

128.  

Saini, D., Aggarwal, R., Anand, S. R., & Sonkar, S. K. (2019). Sunlight induced 

photodegradation of toxic azo dye by self-doped iron oxide nano-carbon from 

waste printer ink. Solar Energy, 193(July), 65–73.  

Salazar-rabago, J. J., Leyva-ramos, R., Rivera-utrilla, J., Ocampo-Perez, R., & Cerino-

Cordova, F. J. (2016). Biosorption mechanism of Methylene Blue from aqueous 

solution onto white pine (Pinus Durangensis) sawdust. Effect of operating 

conditions. Sustainable Environment Research, 27(1), 32–40.  

Samarbaf, S., Tahmasebi, Y., Yazdani, M., & Akbar, A. (2019). Journal of Industrial 

and Engineering Chemistry A comparative removal of two dyes from aqueous 

solution using modi fi ed oak waste residues : Process optimization using response 

surface methodology. Journal of Industrial and Engineering Chemistry, 73, 67–77.  

Samsami, S., Mohamadi, M., Sarrafzadeh, M. H., Rene, E. R., & Firoozbahr, M. 

(2020). Recent advances in the treatment of dye-containing wastewater from 

textile industries: Overview and perspectives. Process Safety and Environmental 

Protection, 143, 138–163. 

Saratale, R. G., Saratale, G. D., Chang, J. S., & Govindwar, S. P. (2011). Bacterial 

decolorization and degradation of azo dyes: A review. Journal of the Taiwan 

Institute of Chemical Engineers, 42(1), 138–157.  

Sarvajith, M., Reddy, G. K. K., & Nancharaiah, Y. V. (2018). Textile dye 

biodecolourisation and ammonium removal over nitrite in aerobic granular sludge 

sequencing batch reactors. Journal of Hazardous Materials, 342, 536–543.  

Sathya, U., Nithya, M., & Balasubramanian, N. (2019). Evaluation of advanced 

oxidation processes ( AOPs ) integrated membrane bioreactor ( MBR ) for the real 

textile wastewater treatment. Journal of Environmental Management, 246(June), 



184 

768–775.  

Selvakumar, A., & Rangabhashiyam, S. (2019). Biosorption of Rhodamine B onto 

novel biosorbents from Kappaphycus alvarezii, Gracilaria salicornia and Gracilaria 

edulis. Environmental Pollution, 255, 113291.  

Senthil, P., Varjani, S. J., & Suganya, S. (2018). Bioresource Technology Treatment of 

dye wastewater using an ultrasonic aided nanoparticle stacked activated carbon : 

Kinetic and isotherm modelling. Bioresource Technology, 250(November 2017), 

716–722.  

Shanmugaprakash, M., Venkatachalam, S., & Rajendran, K. (2018). Biosorptive 

removal of Zn ( II ) ions by Pongamia oil cake ( Pongamia pinnata ) in batch and fi 

xed-bed column studies using response surface methodology and arti fi cial neural 

network. Journal of Environmental Management, 227(September), 216–228.  

Shanmugarajah, B., Meileng, I., Mujawar, N., Sheanyaw, T., Yoo, C., & Tan, K. 

(2019). Valorization of palm oil agro-waste into cellulose biosorbents for highly 

effective textile ef fl uent remediation. Journal of Cleaner Production, 210, 697–

709.  

Shao, H., Li, Y., Zheng, L., Chen, T., & Liu, J. (2017). Removal of methylene blue by 

chemically modified defatted brown algae Laminaria japonica. Journal of the 

Taiwan Institute of Chemical Engineers, 80, 525–532.  

Sharma, A., Syed, Z., Brighu, U., Gupta, A. B., & Ram, C. (2019). Adsorption of textile 

wastewater on alkali-activated sand. Journal of Cleaner Production, 220, 23–32.  

Shoukat, R., Khan, S. J., & Jamal, Y. (2019). Journal of Water Process Engineering 

Hybrid anaerobic-aerobic biological treatment for real textile wastewater. Journal 

of Water Process Engineering, 29(March), 100804.  

Shukry, N. A. A., Sekak, K. A., Ahmad, M. R., & Effendi, T. J. B. (2014). Proceedings 

of the International Colloquium in Textile Engineering, Fashion, Apparel and 

Design 2014 (ICTEFAD 2014). 2014(Ictefad), 7–11. 

Siddiqui, S. H. (2018). Groundwater for Sustainable Development The removal of Cu 2 

+ , Ni 2 + and Methylene Blue ( MB ) from aqueous solution using Lu ff a 

Actangula Carbon : Kinetics , thermodynamic and isotherm and response 

methodology. Groundwater for Sustainable Development, 6(August 2017), 141–

149.  

Silva, B., Martins, M., Rosca, M., Rocha, V., Lago, A., Neves, I. C., & Tavares, T. 



185 

(2020). Waste-based biosorbents as cost-effective alternatives to commercial 

adsorbents for the retention of fluoxetine from water. Separation and Purification 

Technology, 235(April 2019), 116139. 

Simonin, J. P. (2016). On the comparison of pseudo-first order and pseudo-second order 

rate laws in the modeling of adsorption kinetics. Chemical Engineering Journal, 

300, 254–263.  

Singh, H., Chauhan, G., Jain, A. K., & Sharma, S. K. (2017). Adsorptive potential of 

agricultural wastes for removal of dyes from aqueous solutions. Journal of 

Environmental Chemical Engineering, 5(1), 122–135. h 

Siva Kiran, R. R., Madhu, G. M., Satyanarayana, S. V, Kalpana, P., & Subba Rangaiah, 

G. (2017). Applications of Box–Behnken experimental design coupled with 

artificial neural networks for biosorption of low concentrations of cadmium using 

Spirulina (Arthrospira) spp. Resource-Efficient Technologies, 3(1), 113–123.  

Šoštarić, T. D., Petrović, M. S., Pastor, F. T., Lončarević, D. R., Petrović, J. T., 

Milojković, J. V., & Stojanović, M. D. (2018). Study of heavy metals biosorption 

on native and alkali-treated apricot shells and its application in wastewater 

treatment. Journal of Molecular Liquids, 259, 340–349.  

Stavrinou, A., Aggelopoulos, C. A., & Tsakiroglou, C. D. (2018). Journal of 

Environmental Chemical Engineering Exploring the adsorption mechanisms of 

cationic and anionic dyes onto agricultural waste peels of banana , cucumber and 

potato : Adsorption kinetics and equilibrium isotherms as a tool. Journal of 

Environmental Chemical Engineering, 6(6), 6958–6970.  

Sun, X., Liu, Z., Jiang, Q., & Yang, Y. (2019). Science of the Total Environment 

Concentrations of various elements in seaweed and seawater from Shen ’ ao Bay , 

Nan ’ ao Island , Guangdong coast , China : Environmental monitoring and the 

bioremediation potential of the seaweed. Science of the Total Environment, 659, 

632–639.  

Suryavathi, V., Sharma, S., Sharma, S., Saxena, P., Pandey, S., Grover, R., Kumar, S., 

& Sharma, K. P. (2005). Acute toxicity of textile dye wastewaters (untreated and 

treated) of Sanganer on male reproductive systems of albino rats and mice. 

Reproductive Toxicology, 19(4), 547–556.  

Tabaraki, R., & Heidarizadi, E. (2018). Simultaneous biosorption of Arsenic (III) and 

Arsenic (V): Application of multiple response optimizations. Ecotoxicology and 

Environmental Safety, 166(September), 35–41.  



186 

Tabaraki, R., Nateghi, A., & Ahmady-Asbchin, S. (2014). Biosorption of lead (II) ions 

on Sargassum ilicifolium: Application of response surface methodology. 

International Biodeterioration & Biodegradation, 93, 145–152.  

Taheri, M., Fallah, N., & Nasernejad, B. (2021). Assessment of nanoclay-sludge ratios 

in sequencing batch membrane bioreactors: Azo dye removal and fouling 

alleviation. Journal of Water Process Engineering, 41(January), 101969.  

Tan, K. L., & Hameed, B. H. (2017). Insight into the adsorption kinetics models for the 

removal of contaminants from aqueous solutions. Journal of the Taiwan Institute 

of Chemical Engineers, 74, 25–48.  

Tanzifi, M., Tavakkoli, M., Karami, M., & Karimi, S. (2018). Journal of Colloid and 

Interface Science Modelling of dye adsorption from aqueous solution on 

polyaniline / carboxymethyl cellulose / TiO 2 nanocomposites. Journal of Colloid 

And Interface Science, 519, 154–173.  

Tara, N., Arslan, M., Hussain, Z., Iqbal, M., Mahmood, Q., & Afzal, M. (2019). On-site 

performance of fl oating treatment wetland macrocosms augmented with dye-

degrading bacteria for the remediation of textile industry wastewater. Journal of 

Cleaner Production, 217, 541–548.  

Temesgen, F., Gabbiye, N., & Sahu, O. (2018). Biosorption of reactive red dye (RRD) 

on activated surface of banana and orange peels: Economical alternative for textile 

effluent. Surfaces and Interfaces, 12(April), 151–159.  

Thiruchelvi, R., Venkataraghavan, R., & Sharmila, D. (2021). Optimization of 

environmental parameters by Plackett-Burman design and response surface 

methodology for the adsorption of Malachite green onto Gracilaria edulis. 

Materials Today: Proceedings, 37(Part 2), 1859–1864.  

Tka, N., Jabli, M., Saleh, T. A., & Salman, G. A. (2018). Amines modified fibers 

obtained from natural Populus tremula and their rapid biosorption of Acid Blue 25. 

Journal of Molecular Liquids, 250, 423–432.  

Tolba, G. M. K., Bastaweesy, A. M., Ashour, E. A., Abdelmoez, W., Khalil, K. A., & 

Barakat, N. A. M. (2015). Effective and highly recyclable ceramic membrane 

based on amorphous nanosilica for dye removal from the aqueous solutions. 

Arabian Journal of Chemistry, 9(2), 287–296.  

Trevisani, P., Hariane, H., Teresinha, M., Gonçalves, C., Moreno, S., & Caroline, J. 

(2018). Journal of Environmental Chemical Engineering Biosorption of reactive 

blue BF-5G dye by malt bagasse : kinetic and equilibrium studies. 6(November), 



187 

7111–7118.  

Tukaram Bai, M., & Venkateswarlu, P. (2018). Fixed bed and batch studies on 

biosorption of lead using Sargassum Tenerrimum powder: Characterization, 

Kinetics and Thermodynamics. Materials Today: Proceedings, 5(9), 18024–

18037.  

Tukaram, M., Shaik, O., Kavitha, J., Varma, M. S. H., & Chittibabu, N. (2020). 

Materials Today : Proceedings Biosorption of eosin yellow dye from aqueous 

solution using sugarcane bagasse : Equillibrium , kinetics and thermodynamics. 

Materials Today: Proceedings, 26, 842–849.  

Tural, B., Ertaş, E., Enez, B., Fincan, S. A., & Tural, S. (2017). Preparation and 

characterization of a novel magnetic biosorbent functionalized with biomass of 

Bacillus Subtilis: Kinetic and isotherm studies of biosorption processes in the 

removal of Methylene Blue. Journal of Environmental Chemical Engineering, 

5(5), 4795–4802.  

Turan, N. G., Mesci, B., & Ozgonenel, O. (2011). Artificial neural network (ANN) 

approach for modeling Zn(II) adsorption from leachate using a new biosorbent. 

Chemical Engineering Journal.  

Uddin, M., Adillah, N., Heffny, B., Mohd, Y., & Bradley, D. A. (2019). Elevated 

concentration of radioactive potassium in edible algae cultivated in Malaysian seas 

and estimation of ingestion dose to humans. Algal Research, 38(April 2018), 

101386.  

Vacchi, F. I., Vendemiatti, J. A. de S., da Silva, B. F., Zanoni, M. V. B., & Umbuzeiro, 

G. de A. (2017). Quantifying the contribution of dyes to the mutagenicity of waters 

under the influence of textile activities. Science of the Total Environment, 601–

602, 230–236.  

Vargas, A. M. M., Cazetta, A. L., Kunita, M. H., Silva, T. L., & Almeida, V. C. (2011). 

Adsorption of methylene blue on activated carbon produced from flamboyant pods 

(Delonix regia): Study of adsorption isotherms and kinetic models. Chemical 

Engineering Journal, 168(2), 722–730.  

Vasconcelos, V. M., Ribeiro, F. L., Migliorini, F. L., Alves, S. A., Steter, J. R., Baldan, 

M. R., Ferreira, N. G., & Lanza, M. R. V. (2015). Electrochemical removal of 

Reactive Black 5 azo dye using non-commercial boron-doped diamond film 

anodes. Electrochimica Acta, 178, 484–493.  

Vassilev, S. V., & Vassileva, C. G. (2016). Composition, properties and challenges of 



188 

algae biomass for biofuel application: An overview. Fuel, 181, 1–33.  

Verma, A., Agarwal, M., Sharma, S., & Singh, N. (2021). Competitive removal of 

cadmium and lead ions from synthetic wastewater using Kappaphycus striatum. 

Environmental Nanotechnology, Monitoring and Management, 15(January), 

100449.  

Verma, A. K., Dash, R. R., & Bhunia, P. (2012). A review on chemical coagulation / fl 

occulation technologies for removal of colour from textile wastewaters. Journal of 

Environmental Management, 93(1), 154–168.  

Verma, A., Kumar, S., & Kumar, S. (2017). Journal of Environmental Chemical 

Engineering Statistical modeling , equilibrium and kinetic studies of cadmium ions 

biosorption from aqueous solution using S . fi lipendula. Journal of Environmental 

Chemical Engineering, 5(3), 2290–2304. 

Vijayan, S. R., Santhiyagu, P., Ramasamy, R., Arivalagan, P., Kumar, G., Ethiraj, K., & 

Ramaswamy, B. R. (2016). Seaweeds: A resource for marine bionanotechnology. 

Enzyme and Microbial Technology.  

Vijayaraghavan, K., & Balasubramanian, R. (2015). Is biosorption suitable for 

decontamination of metal-bearing wastewaters? A critical review on the state-of-

the-art of biosorption processes and future directions. Journal of Environmental 

Management, 160, 283–296.  

Vijayaraghavan, K., & Jegan, J. (2015). Entrapment of brown seaweeds (Turbinaria 

conoides and Sargassum wightii) in polysulfone matrices for the removal of 

praseodymium ions from aqueous solutions. Journal of Rare Earths, 33(11), 

1196–1203.  

Vijayaraghavan, K., Rangabhashiyam, S., Ashokkumar, T., & Arockiaraj, J. (2017). 

Assessment of samarium biosorption from aqueous solution by brown macroalga 

Turbinaria conoides. Journal of the Taiwan Institute of Chemical Engineers, 74, 

113–120.  

Volesky, B. (2007). Biosorption and me. Water Research, 41(18), 4017–4029.  

Waghmode, T. R., Kurade, M. B., Sapkal, R. T., & Bhosale, C. H. (2019). Sequential 

photocatalysis and biological treatment for the enhanced degradation of the 

persistent azo dye methyl red. Journal of Hazardous Materials, 371(February), 

115–122.  

Wakkel, M., Khiari, B., & Zagrouba, F. (2019). Textile wastewater treatment by agro-



189 

industrial waste: Equilibrium modelling, thermodynamics and mass transfer 

mechanisms of cationic dyes adsorption onto low-cost lignocellulosic adsorbent. 

Journal of the Taiwan Institute of Chemical Engineers, 96(xxxx), 439–452.  

Wawrzkiewicz, M., & Hubicki, Z. (2010). Equilibrium and kinetic studies on the 

sorption of acidic dye by macroporous anion exchanger. 157, 29–34.  

Wawrzkiewicz, M., Wo, A., Gun, V. M., & Zarko, V. I. (2017). Microporous and 

Mesoporous Materials Mixed silica-alumina oxide as sorbent for dyes and metal 

ions removal from aqueous solutions and wastewaters. 250, 128–147.  

Witek-Krowiak, A., Chojnacka, K., Podstawczyk, D., Dawiec, A., & Pokomeda, K. 

(2014). Application of response surface methodology and artificial neural network 

methods in modelling and optimization of biosorption process. Bioresource 

Technology. 45(1), 119–138.   

Wu, H., Guo, H., Zhang, B., & Bu, M. (2017). Westward movement of new polluting 

firms in China : Pollution reduction mandates and location choice. Journal of 

Comparative Economics, 45(1), 119–138.  

Xia, Y., Wang, G., Guo, L., Dai, Q., & Ma, X. (2020). Chemosphere Electrochemical 

oxidation of Acid Orange 7 azo dye using a PbO 2 electrode : Parameter 

optimization , reaction mechanism and toxicity evaluation. Chemosphere, 241, 

125010.  

Yacou, C., Altenor, S., Carene, B., & Gaspard, S. (2018). Chemical structure 

investigation of tropical Turbinaria turbinata seaweeds and its derived carbon 

sorbents applied for the removal of hexavalent chromium in water. Algal 

Research, 34(March 2017), 25–36.  

Yagub, M. T., Sen, T. K., Afroze, S., & Ang, H. M. (2014). Dye and its removal from 

aqueous solution by adsorption: A review. Advances in Colloid and Interface 

Science, 209, 172–184.  

Yeddou-Mezenner, N. (2010). Kinetics and mechanism of dye biosorption onto an 

untreated antibiotic waste. Desalination, 262(1–3), 251–259.  

Zazou, H., Afanga, H., Akhouairi, S., Ouchtak, H., Ait, A., Ait, R., Assabbane, A., 

Douch, J., Elmchaouri, A., & Duplay, J. (2019). Journal of Water Process 

Engineering Treatment of textile industry wastewater by electrocoagulation 

coupled with electrochemical advanced oxidation process. Journal of Water 

Process Engineering, 28(February), 214–221.  



190 

Zeraatkar, A. K., Ahmadzadeh, H., Talebi, A. F., Moheimani, N. R., & McHenry, M. P. 

(2016). Potential use of algae for heavy metal bioremediation, a critical review. 

Journal of Environmental Management, 181, 817–831.  

Zhao, S., & Zhou, T. (2016). Bioresource Technology Biosorption of methylene blue 

from wastewater by an extraction residue of Salvia miltiorrhiza Bge. Bioresource 

Technology, 219, 330–337.  

Zhou, H., Zhou, L., & Ma, K. (2020). Science of the Total Environment Micro fi ber 

from textile dyeing and printing wastewater of a typical industrial park in China : 

Occurrence , removal and release. Science of the Total Environment, 739, 140329.  

Zhou, Y., Lu, J., Zhou, Y., & Liu, Y. (2019). Recent advances for dyes removal using 

novel adsorbents : A review ☆. Environmental Pollution, 252, 352–365.  

Zia, Q., Tabassum, M., Umar, M., Nawaz, H., Gong, H., & Li, J. (2021). Cross-linked 

chitosan coated biodegradable porous electrospun membranes for the removal of 

synthetic dyes. Reactive and Functional Polymers, 166(July), 104995.  

Zollinger, H., (1987). Colour Chemistry—Synthesis, Properties of Organic Dyes and 

Pigments, New York, USA, VCH Publishers. 

 


	ACKNOWLEDGEMENTS
	ABSTRAK
	ABSTRACT
	TABLE OF CONTENT
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER 1    INTRODUCTION
	1.1 Background of study
	1.2 Problem statement
	1.3 Objectives
	1.4 Scope of study
	1.5 Significance of study

	CHAPTER 2    LITERATURE REVIEW
	2.1 Introduction
	2.2 Textile wastewater pollution
	2.2.1 Global dye pollution
	2.2.2 Malaysia

	2.3 Textile wastewater
	2.3.1 Characteristics of textile wastewater
	2.3.2 Textile wastewater treatment

	2.4 Dyes
	2.4.1 Dye classification
	2.4.2 Toxicity of dye
	2.4.3 Methylene blue dye
	2.4.4 Dye removal technology
	2.4.4.1 Membrane technology
	2.4.4.2 Ion exchange
	2.4.4.3 Advanced oxidation process
	2.4.4.4 Adsorption


	2.5 Biosorption
	2.5.1 Biosorbent mechanism
	2.5.1.1 Physisorption
	2.5.1.2 Chemisorption

	2.5.2 Biosorption of methylene blue (MB) dye

	2.6 Seaweed
	2.6.1 Seaweed in Malaysia
	2.6.2 Seaweed as biosorbent
	2.6.3 Seaweed modification

	2.7 Factors affecting seaweed biosorbent performance
	2.7.1 Contact time
	2.7.2 Dosage
	2.7.3 pH
	2.7.4 Initial concentration
	2.7.5 Temperature

	2.8 Optimisation of dye biosorption using Response Surface Methodology
	2.9 Isotherm and kinetic modelling for biosorption process
	2.9.1 Adsorption isotherm model
	2.9.2 Kinetic isotherm

	2.10 Modelling of dye adsorption study by Artificial Neural Network
	2.11 Summary

	CHAPTER 3    METHODOLOGY
	3.1 Introduction
	3.2 Material and equipment
	3.2.1 Chemicals
	3.2.2 Equipment
	3.2.3 Seaweed

	3.3 Analytical Procedure
	3.3.1 Dye concentration
	3.3.2 Quantitative Analysis
	3.3.2.1 Fourier-Transform Infrared Spectrophotometer (FT-IR)
	3.3.2.2 Scanning Electron Microscope/Energy Dispersive Using X-Ray (SEM-EDX)
	3.3.2.3 Thermogravimetric analysis
	3.3.2.4 Brunauer-Emmett-Teller (BET)
	3.3.2.5 Point of zero charge (pHpzc)


	3.4 Experimental Procedures
	3.4.1 Dye preparation
	3.4.1.1 Stock solution of dyes
	3.4.1.2  Working solution of dyes

	3.4.2 Seaweed preparation
	3.4.3 Screening of potential biosorbent
	3.4.3.1 Equilibrium contact time
	3.4.3.2 Selection of biosorbent

	3.4.4 Selection of pre-treatment method
	3.4.4.1 Chemical pre-treatment
	3.4.4.2 Thermal pre-treatment

	3.4.5 Effect of biosorption condition - OFAT approach
	3.4.6 Effect of biosorption condition – RSM approach
	3.4.6.1 Selection of significant factors
	3.4.6.2 Optimisation using Central Composite Design

	3.4.7 Desorption performance

	3.5 Data analysis
	3.5.1 Biosorption-desorption performance
	3.5.1.1 Determination of dye removal, R (%R)
	3.5.1.2 Determination of biosorption capacity, q(mg/g)
	3.5.1.3 Determination of desorption efficacy, D (%D)

	3.5.2 Equilibrium isotherm
	3.5.3 Kinetic isotherm
	3.5.4 Artificial Neural Network (ANN)

	3.6 Summary

	CHAPTER 4    RESULTS AND DISCUSSION
	4.1 Introduction
	4.2 Selection of best seaweed biosorbent
	4.2.1 Screening of potential seaweed biosorbent
	4.2.2 Selection of pre-treatment
	4.2.3 Characterisation of E. spinosum
	4.2.3.1 Functional group
	4.2.3.2 The morphology of biosorbent surface
	4.2.3.3 Thermal behaviour analysis
	4.2.3.4 Biosorbent porosity
	4.2.3.5 Point of zero charge (pHpzc)


	4.3 Biosorption study (OFAT approach)
	4.3.1 Effect of biosorbent dosage
	4.3.2 Effect of pH
	4.3.3 Effect of initial concentration
	4.3.4 Effect of temperature

	4.4 Optimisation using RSM
	4.4.1 Fractional factorial design
	4.4.1.1 Normal probability
	4.4.1.2 Statistical Analysis and ANOVA
	4.4.1.3 Main Effect Analysis
	4.4.1.4 Pareto chart

	4.4.2 Center Composite Design (CCD)
	4.4.2.1 Fitting model and analysis of variance (ANOVA)
	4.4.2.2 Interactive effect of variables
	4.4.2.3 Numerical optimisation

	4.4.3 Desorption
	4.4.3.1 Screening of potential eluent
	4.4.3.2 Biosorption-desorption cycle


	4.5 Isotherm and kinetic modelling for biosorption process
	4.5.1 Equilibrium isotherm
	4.5.1.1 Two parameter models
	4.5.1.2 Three parameter models

	4.5.2 Kinetic isotherm

	4.6 Prediction verification using ANN
	4.6.1 Statistical comparison between ANN and RSM
	4.6.2 Validation

	4.7 Summary

	CHAPTER 5    CONCLUSION & RECOMENDATION
	5.1 Conclusion
	5.2 Recommendations for future work
	1. A column study is recommended to be carried out by considering other factors affecting biosorption of MB dye removal so that the breakthrough or life span of the biosorbent can be investigated. From the equilibrium time graph, the breakthrough of t...
	2. Since the biosorbent in this study showed promising results for MB dye removal, an extensive study using real textile wastewater should be carried out using a column study.  The real textile wastewater has different phsyico-chemical properties whic...
	3. When applied to real textile wastewater, the effectiveness of the biosorbent decreases since real textile wastewater may contain unwanted particles, chemical agents and heavy metals which can bind to the active sites of the biosorbent or clog the p...
	4. Although desorption study has successfully identified the potential for regeneration, at the end of the day, spent biosorbent should be managed safely at the end of the day. Therefore, there is a need for further investigation on how to manage spen...
	5. The successful implementation of this study may benefit rural communities and poor countries.  Therefore, real field application can be scaled up using pilot studies at the point sources.
	REFERENCES
	APPENDIX A LIST OF PUBLICATION AND ACHIEVEMENT
	APPENDIX B LIST OF REVIEWING WORK
	APPENDIX C ONE- FACTOR-AT-TIME (OFAT) DATA



