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Abstract 

 

Along with the rapid development of the seafood processing industry 

in Vietnam, thousands of tons of seafood scraps are generated annually. 

One of the major seafood processing wastes is shrimp waste, estimated at 

over 100,000 tons per year. This huge amount of shrimp waste contains 

over 4,000 tons of pure chitin, a natural long-chain polymer of N-

acetylglucosamine which can be deacetylated to form chitosan. Chitin is 

widely and increasingly used in animal feed production.  

The current domestic chitin production process in Vietnam is based 

mainly on the inorganic chemical method, including demineralisation with 

HCl, deacetylation and deproteination with NaOH, and colour elimination 

with NaOCl or other active oxidising compounds. This production process 

then generates acid and alkaline wastes, containing high levels of nutrients 

such as protein, astaxanthin, lipid, and high salt concentrations, causing 

environmental pollution or costly wastewater treatment. Therefore, an 

environmentally friendly chitin manufacturing is urgently required in 

Vietnam.  

The thesis focused on two main contents: the use of bio-coagulant 

chitosan, and an anaerobic-anoxic-oxic biofilm reactor system. Firstly, 

chitosan application as a bio-coagulant minimised the amount of 

suspended solid wastes in chitin wastewater. This solution was more 

advantageous than coagulation by conventional chemicals because it was 

safe and environmentally friendly and economically profitable if sludge was 

utilised as animal feed and/or fertiliser. Secondly, wastewater was treated 

by anaerobic-anoxic-oxic biofilm reactor system using stick-bed biofix and 

swim-bed biofringe carriers to meet the technical regulation of wastewater 

discharge QCVN 11-MT:2015/BTNMT.  

The characteristics of chitin wastewater in the individual or mixed 

waste streams were first investigated. This assessment can help chitin 

producers recover valuable residuals in waste streams and simultaneously 
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reduce the organic load in the wastewater treatment system. A pre-

treatment process consisting of sedimentation followed by coagulation by 

by-product chitosan was conducted to evaluate chitin wastewater 

treatment and the crude protein recovery potential. The effluent after the 

coagulation-flocculation process was further run through biofilm reactors. 

This system needed microorganisms fully adapted to salinity and existing 

nutrient contents in chitin wastewater. The complete operating system on 

the laboratory scale could contribute as the foundation to the application in 

larger industrial scales.  

Experimental results showed that as chitin production processes 

reused the extracted chemicals and waste streams, the level of wastewater 

pollution increased. More of the soluble proteins were removed in the 

biochemical process than in the chemical methods. The waste streams' 

contents fluctuated remarkably depending on the nature of the input 

materials and the production process. For these reasons, the treatment of 

chitin wastewater confronted many difficulties. 

In addition, some technical-analytical results are listed as follows  

(a) Preliminary sedimentation removed over 80% of turbidity at pH 4, 

30 mins of settling time, tCOD reduced by 39%, and TSS reduced by 93%  

(b) Optimal coagulation with by-product chitosan was achieved with 

the ratio between crude protein and calcium at around 5, chitosan 

concentration = 77.5 mgL-1, pH = 8.3, the reduction rates for the different 

parameters were as follow: tCOD (23%), sCOD (32%), TKN and NH4
+-N 

(25%), TP (90%), TSS (84%), Ca2+ (29%), and crude protein (25%). 

(c) Chitosan was the most effective coagulant at lower ratios than 

other chemical coagulants in removing inorganic and organic chitin 

wastewater substances. 

(d) Crude protein content recovery was up to 55 mgg-1, and recovery 

of mineral content was around 10%. 
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(e) The acclimation process running through three phases with 

gradually increasing input loadings from 1.5 kgCOD m-3d-1 to 2.5 kgCOD 

m-3d-1, removed over 90% of COD, 75-85% of TN and around 50% of TP. 

(f) The main treatment process of biofilm reactors going through five 

phases with the input loading increased from 3.0 kgCOD m-3d-1 to 6.0 

kgCOD m-3d-1, flow rates from 12.96 Ld-1 to 16.4 Ld-1, and salinity from 6 

ppt to 18 ppt. At phase 4 (loading of 5.7 kgCOD m-3d-1 and salinity of 14 

ppt), the treatment efficiency reached over 90% for COD, about 60% for 

TN and TP, and 65% for calcium. Most of the processing efficiencies were 

high, making the treated wastewater meet the Vietnamese standard QCVN 

11-MT:2015/BTNMT. 
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Chapter 1: Introduction 

 

1.1 Urgency in chitin wastewater treatment 

The global shrimp processing industry has grown rapidly over the past 

decades, becoming one of the top ten seafood processors, with more than 

4 million metric tonnes of white legged shrimp produced in 2016 (Garlock 

et al., 2020). Overall, the disposal of shrimp scraps such as head, shell, 

and tail accounts for about 50% of the volume compared to raw shrimps 

(Islam et al., 2004). This fact suggests that a significant amount of shrimp 

waste, from 35 to 48% (v/v), will be generated due to the shrimp processing 

industry (Islam et al., 2004; Kandra et al., 2012). Asia leads the world in 

shrimp farming, accounting for roughly 80% of the world market share 

(Kandra et al., 2012). The annual world production of 1.44 million tons of 

dry-shell waste from crustaceans is also an abundant input source for chitin 

production (Rodde et al., 2008).  

Solid wastes from shrimp processing can then be treated by burial or 

disposal, creating coastal area pollution, unpleasant odours, and causing 

environmental pollution (Kandra et al., 2012). It can be easily seen that the 

disposal of large amounts of these seafood scraps to the sea would be a 

significant source of pollution to the coastal areas (Gimeno et al., 2007; 

Zhai & Hawkins, 2002). To take advantage of seafood waste as an animal 

feed resource, a small amount of this waste has been used as chicken feed 

(Xu et al., 2008). Nevertheless, the chemical composition of this waste is 

likely to be a valuable resource for industries that use by-products as input 

materials since the waste is composed of 20–30% chitin, 20–40% protein, 

30–60% minerals and 0–14% lipids (Kim, 2011; Kurita, 2006; Synowiecki 

& Al-Khateeb, 2003). Chitin in shrimp and crab wastes has been found 

along with a considerable amount of calcium carbonate minerals, 

carotenoids (astaxanthin as principal), and protein and lipid residues (from 

meat and muscle) (Kaur & Dhillon, 2015). The extraction of useful 

ingredients such as chitin, carotenoids, proteins, and mineral salts is an 
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ideal alternative, increasing economic profit and reducing environmental 

pollution (Wang et al., 2010). Hence, the benefits outlined above lead to 

demand on the production of precious ingredient chitin extracted from 

seafood waste, especially shrimp scraps. 

The chitin production industry in Vietnam is developing very 

favourably due to the abundance of shrimp waste, cheap labour resources, 

and simple extraction processes. However, the conventional chemical 

extraction process consumes a large quantity of concentrated inorganic 

acids and alkaline solutions. Consequently, the wastewater contains a high 

concentration of acid and/or alkaline streams and a large amount of organic 

matter (mostly protein), minerals, and pigments that cause high toxicity for 

the environment and human health (Tran et al., 2020). 

Studies on chitin wastewater treatment have been carried out 

according to approaches such as the recovery of protein content in 

wastewater by chitosan and chitosan derivatives with the addition of 

inorganic salts FeCl3 (Chen et al., 2008); coagulation entirely by aluminium 

sulphate (Dotto et al., 2013); combination coagulation with a membrane 

filter and aerobic treatment as a treatment chain (Jing, 2008); separate 

treatment of the alkaline stream (Zhao & Xia, 2009) and acidic stream 

(Yang et al., 2004). However, these methods have several shortcomings 

such as toxic sludge generated from chemical coagulants (Chen et al., 

2008; Dotto et al., 2013); the much lower input of COD content than the 

actual value of the chitin wastewater (Jing, 2008); impractical alkaline 

recovery when chitin wastewater does not exhibit alkalinity rather than 

acidic properties (Zhao & Xia, 2009); and such methods are only well-

handled at laboratory scale (Pham, 2011). 

In order to maintain and develop industries producing chitin towards 

sustainable development and environmentally friendliness, the wastewater 

issue needs to be resolved. It can be said that the published work on the 

treatment of chitin wastewater is still relatively limited, so it needs more 

research. 
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1.2 Research justification 

The treatment of chitin production wastewater is challenging. In 

addition to the high levels of protein, astaxanthin, and minerals, there is 

also a high NaCl salt level. Therefore, in order to thoroughly treat the 

wastewater, it is necessary to use a combination of methods, including  

physicochemical methods that can remove salt as a soluble component 

causing the inhibition of the growth and development of microorganisms, 

thermal techniques (Qiblawey & Banat, 2008), coagulation-flocculation 

(Davis, 2010), ion exchange (Lefebvre & Moletta, 2006), and membrane 

techniques (Afonso & Bórquez, 2002; Schutte et al., 1987; Turano et al., 

2002; Vitolo et al., 1999). However, only coagulation-flocculation is 

relatively simple technology with reasonable operating costs. If this 

coagulation-flocculation is applied successfully, the nutrient components in 

this waste source are also fully recovered, increasing biological treatment 

efficiency afterwards, due to the reduced input loading and cost savings. 

Using chitosan as a coagulant will increase the efficiency of removing 

residues in wastewater.  

Another significant point is that chitin wastewater contains a high NaCl 

level due to combining two concentrated alkaline and acidic effluents, so it 

is necessary to find suitable biological methods to treat this wastewater. 

The most important thing for these biological processes is the use of 

microbial strains that have undergone complete adaptation to avoid being 

inhibited or even that result in shock loadings. Many scientists have 

researched the application of anaerobic and aerobic processes to treat 

saline organic effluent. In particular, aerobic treatment is widely applied at 

more comprehensive salinity ranges (Lefebvre & Moletta, 2006). The 

multiplex biological systems then are much improved. Anaerobic anoxic 

oxic (A2O) and sequencing batch reactor (SBR) technologies are most 

widely applied (Giustinianovich et al., 2014; Panswad & Anan, 1999a, 

1999b; Shi et al., 2014; Uygur, 2006). In this project, A2O will be applied to 

investigate the treatment feasibility and potential practical applications. 
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1.3 Research Questions, Aims, and Objectives 

1.3.1 Research questions 

The chitin wastewater treatment project's positive results will bring a 

scientifically proven and effective technique, leading to an application that 

is successful in practice. In addition, the use of a chitosan by-product as a 

coagulant and using the nutrient-rich sludge recovered after the 

coagulation as animal feed are ecological and non-toxic approaches for the 

environment. This solution also contributes to enhancing economic 

efficiency, reducing processing costs, and potentially enabling industrial-

scale manufacturing. 

In order to investigate how the technology that combines coagulation 

unit with A2O modules can comprehensively treat the chitin production 

wastewater, the following questions need to be clarified: 

How effective would it be to remove suspended solids by chitosan 

coagulation rather than conventional coagulant and flocculant such as PAC 

and PAA? 

What is the nutritional value of sludge after the coagulation process? 

What is the efficiency of pollutant input loading reduction after 

flocculation? 

Is A2O technology feasible in the treatment of chitin wastewater? 

What is the processing efficiency? 

Is this technology widely applicable on an industrial scale? 

Does the treated wastewater meet the standards to be discharged into 

the environment?  

Is it safe for human health and the environment? 

 

1.3.2 Research aims and objectives 

Aims 

The aims of the thesis project are (1) to investigate a coagulation 

method that is useful, environmentally friendly for removing organic matters 
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from chitin production wastewater, and (2) to investigate combined 

biological treatment processes that can be implemented on an industrial 

scale. 

 

Objectives 

The objectives of the thesis project are to:  

Characterise the chitin wastewater generated from different 

production procedures in terms of quality parameters, including pH, COD, 

total Nitrogen, total phosphorus, Calcium, and TSS. 

Evaluate the coagulation capability with several coagulants including 

by-product chitosan, poly aluminium chloride, polyacrylamide, and to 

compare the performances of treated wastewater based on COD, TKN, N-

NH4
+, TP, Ca, TSS, and crude protein.  

Investigate the nutrient recovery in excess sludge based on certain 

criteria: total crude protein, mineral content, and moisture. 

Assess the pollutant removal performances of an A2O system that 

consists of biofilm reactors using stick-bed biofix and swim-bed carriers, 

which can process high organic concentration and salinity. The 

assessment will include the effects of different operating conditions 

including wastewater quality, hydraulic retention time and sludge form. 

 

1.4 Thesis outline 

The thesis is organised into seven chapters: 

Chapter 1: Introduction. This chapter provides background 

information regarding shrimp waste generated from seafood processing, 

demand for the production of the precious ingredient chitin which is 

extracted from seafood waste, especially shrimp scraps, and the 

wastewater problem in chitin production in Vietnam. 

Chapter 2: Literature review. This chapter reviews the relevant 

literature about chitin, chitosan, bio-coagulants, and their application in 

wastewater treatment. In addition, several physical-chemical and biological 
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technologies are reviewed for high salinity effluent treatment. National 

technical regulation on the effluent of aquatic products processing industry 

in Vietnam is also reviewed. 

Chapter 3: Materials and methods. This chapter describes wastewater 

sources from chitin production factories and a laboratory, the origin of 

inoculum sludge, apparatus for coagulation and biological treatment 

experiments, the Box-Wilson central composite design for coagulation, 

experimental procedures for the biological treatment, and all analytical 

methods used in this thesis. 

Chapter 4: Characteristics of chitin production waste streams. This 

chapter classifies sources of chitin wastewater and its characteristics. 

Based on this information, the chapter explains various approaches such 

as single-flux separation or mixed flow that can be considered by 

processors. It presents the treatment options available to chitin producers, 

such as separated treatment of each stream, recovery of valuable 

components, or simply mixed downstream treatment.  

Chapter 5: Coagulation of chitin production wastewater from shrimp 

scraps with by-product chitosan and chemical coagulants. This chapter 

presents evidence that preliminary sedimentation followed by coagulation 

using by-product chitosan effectively eliminates contaminants of chitin 

wastewater. The coagulation performance of by-product chitosan is better 

than that of traditional agents such as polyaluminum chloride and 

polyacrylamide.  

Chapter 6: Treatment of chitin production wastewater by biofilm 

reactor system using stick-bed biofix and swim-bed biofringe carriers. This 

chapter presents evidence that the chitin wastewater can be efficiently 

treated, meeting Vietnamese technical standards for the aquatic effluent 

using A2O plant with biofix and biofringe carriers. The process has to go 

through an acclimation phase with high salt and organic matter content 

before entering the main treatment phase. 
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Chapter 7: Conclusion. This chapter summarises the findings of the 

research and makes recommendations for future research. 
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Chapter 2: Literature review  

 

2.1 Structures, properties, and applications of chitin and chitosan 

2.1.1 Structures 

Chitin is a form of a linear polysaccharide consisting of N-acetyl-D-

Glucosamine units combined by β (1 - 4) linkage (Figure 2.1) (Kumar, 

2000). It is very abundant in nature, ranking just after cellulose (Aranaz et 

al., 2009; Chen et al., 2003; Kaur & Dhillon, 2015; Renault et al., 2009; 

Sahoo et al., 2012; Savant, 2000). 

   

 

Figure 2.1 Molecular structure of chitin 

The polymer chain of chitin is poly [β - (1 - 4) -2-acetamido-2-deoxy-

D-glucopyranose]. Due to the similarity of its molecular structure with 

cellulose, replacing the hydroxyl at position C2 of cellulose with the 

acetamido group, chitin is considered a cellulose derivative (Dutta, 2004; 

Kumar, 2000). Chitin with a crystal structure and organic fibre system is 

present in the shell structure and skeleton of crustaceans, arthropods such 

as shrimp, crab, lobster, and insects (Savant, 2000). In terms of 

polymorphic forms, it manifests as α-, β-, and γ-chitin, which each possess 

distinct characteristics of hydration, unit cell size, and chitin chain number 

per unit cell (Sudha et al., 2017).  

The α, β, γ allomorphic forms differ only in the arrangement of each 

N-acetyl-2-amino-2deoxy-D-glucopyranose unit. While α-chitin is observed 

as a rigid structure, the other two types have more flexible structures. α-

chitin is most common in nature, and presents in shrimp shells, in molluscs, 

lobster, and shells of crabs and the arthropods and fungi (Bogdanova et 
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al., 2016; Kaya et al., 2017; Minke, 1978). Relative rare, β-chitin is found 

in squid and some centric diatoms. As for γ-chitin, it is rare, and there is 

little known of its distribution and structures (Kaya et al., 2017). The three 

types of chitin, as mentioned above, differ in hydration, size, and number 

of chitin chains in each structural unit. α-chitin is composed of parallel and 

antiparallel sheets (Aranaz et al., 2009; Kim, 2011) (Figure 2.2). In contrast, 

β-chitin consists of parallel polysaccharide chains. In contrast, γ-chitin is 

arranged in threes, with two parallel sheets in the one direction, combined 

with one sheet in the opposite direction (Kim, 2011). 

 

 

 

 

 

 α-Chitin β-Chitin γ-Chitin 

 

 

Chitosan is a deacetylation derivative of chitin in which the amino 

group replaces the acetamido in position C2. As a cationic with the formula 

2-acetamido-2-deoxy-β-D-glucose, chitosan is produced by strong alkali 

hydrolysis to harvest above 70% deacetylation degree of chitin (Chen et 

al., 2003; Renault et al., 2009; Sahoo et al., 2012; Savant, 2000). Chitin 

has only one active functional group (hydroxyls), while chitosan possesses 

two functional groups (hydroxyls and amines) in their chemical structures 

(Dutta, 2004). Therefore, chitosan is more flexible as well as more easily 

involved in chemical reactions than chitin.  

Of the structures shown in Figure 2.1, chitin is constituted of a linear 

copolymer of acetylglucosamine group. In contrast, chitosan possesses 

more free amino groups and hydroxyl groups (Figure 2.3), which has 

potential applications for various purposes such as food processing, 

material science, microbiology, and wastewater treatment (Sahoo et al., 

2012; Savant, 2000).  

 Figure 2.2 Three polymorphic configurations of chitin (Kim, 2011) 
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Figure 2.3 Structures of chitin and chitosan (chitin deacetylation product) 

 

2.1.2 Physical, biological and chemical properties 

With their superior properties of biodegradability, biocompatibility, 

non-toxicity, adsorption (Dutta, 2004), and ability to form films and chelate 

metal ions (Sahoo et al., 2012), the renewable polymers chitin and chitosan 

have increasing commercial interest as suitable resource materials. 

2.1.2.1 Physical properties 

Chitin and chitosan are biological polymers with a substantial 

molecular weight, accounting respectively for 1,030,000 to 2,500,000 and 

from 10,000 to 1 million Dalton (Zargar et al., 2015). Chitin has a natural 

morphology in hard solid form, existing in flake or powder with its colour 

formed from derivatives of 4-acetone and 4,4 'diacetone-β-carotene (Dutta, 

2004; Kumar, 2000). Chitin is a colourless to half white, hard, inelastic, 

nitrogenous polysaccharide, while chitosan powder is quite flabby, and 

colour varies from pale yellow to white (Dutta, 2004; Kumar, 2000; Sudha 

et al., 2017). Also, chitin is odourless, tasteless, insoluble in water, alkaline, 

weak acid, or organic solvents such as ethers and alcohols. However, it 

dissolves in a solution of hot, concentrated lithium thiocyanate salts and 
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calcium thiocyanate to form a colloidal solution. It is also capable of 

absorbing infrared light with a wavelength of 884-890 cm-1. Chitin is an 

essential structure of some crustaceans' cell wall whose solid waste has 

polluted the coastal area (Dutta, 2004; Kumar, 2000). 

The proportion of chitin from shrimps and crabs is usually 0.06 and 

0.17 gmL-1, respectively, which indicates that chitin from prawn is spongier 

than from crab. Similarly, chitin from mollusc is also 2.6 times lower than 

crab. The proportion of chitin and chitosan from crustaceans is very high 

(0.39 g.cm-3), depending heavily on processing methods. Also, the level of 

deacetylation increases its density.  

Chitosan is ivory white or pale yellow, exists in powder or flake form, 

is odourless, tasteless, with a melting temperature of 309-311OC. It is 

slightly alkaline, insoluble in water, but soluble in dilute organic acid 

solutions such as acetic acid, formic acid, and lactic acid, forming a viscous 

colloid solution. Like cellulose, chitosan is a fibre with the ability to create 

membranes and properties of optical structures. Chitosan can also be 

positively charged, combining with negatively charged substances such as 

fatty acids and lipids. Chitosan is a highly viscose substance. The viscosity 

of chitosan depends on many factors such as deacetylation level, atomic 

mass, solution concentration, strength of the ionic force, pH, and 

temperature. 

2.1.2.2 Biological properties of chitosan 

Chitosan is non-toxic, safe for humans, highly biological compatible 

with the human body, and is biodegradable (Dutta, 2004; Sahoo et al., 

2012). It is an ideal carrier in the drug transport system, not only for oral, 

intravenous, intramuscular, subcutaneous use but also for safe tissue 

transplantation.  

Chitosan has many diverse biological effects as an antifungal, 

antitumor, antibacterial  of many different types, stimulating the growth of 

cell proliferation, hemostasis, and anti-swelling (Dutta, 2004; Sahoo et al., 

2012). Chitosan also works to reduce cholesterol and lipids in the blood, 
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lower blood pressure, and treat chronic kidney disease. The ability to 

promote peptides' action - stimulating insulin secretion in the pancreas - is 

used to treat diabetes. Regarding application in wastewater treatment, 

chitosan can also work as a cationic flocculant to remove organic matter in 

waste streams and some heavy and radioactive metals (Sudha et al., 

2017). 

2.1.2.3 Chemical properties 

Chitin and chitosan act as alcohol, amine, and amide because of the 

-OH, -NHCOCH3 functional groups in the N-acetyl-D-glucosamine units, 

and the -OH, -NH2 groups in the D-glucosamine chains (Dutta, 2004). 

Depending on the degree of diacetylation, the nitrogen content in chitin 

ranges from 5 to 8%, while nitrogen in chitosan mostly exists in the aliphatic 

amino form (Kumar, 2000). Hence, chitosan's critical reactions are based 

on amine groups such as N-acetyl and Schiff base (Varma et al., 2004). 

On the other hand, chitin and chitosan are polymers connected by β 

bonds. These bonds are quickly cut off by chemical substances such as 

acids, bases, oxidising agents, and hydrolytic enzymes. Chitin is stable 

with active oxidising agents such as potassium permanganate, hydrogen 

peroxide, and Javen solution. Because of this property, oxidants are used 

to decolourise chitin. When heated in concentrated NaOH solution (40-

50%) at high temperatures, chitin will lose acetyl groups to form chitosan 

molecules. In contrast, if it is heated in concentrated HCl at high 

temperatures, it will be hydrolysed to produce glucosamine. 

Esterification reaction: 

Chitin will produce chitin nitrate when reacting with concentrated 

HNO3. Similarly, chitin works with anhydrite sulfonic in pyridine, dioxane, 

and N, N-dimethylaniline for chitin sulfonate products. Because chitosan is 

more active than chitin, it more easily participates in chemical reactions. 

Chitosan reacts with concentrated acid to form a hardly dissolved salt, and 

reacts with iodine in a H2SO4 solution to turn purple. Chitin, chitosan, and 

some chitin derivatives can create complexes with most heavy metals and 
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transition metals such as Hg, Cd, Zn, Cu, Ni, Co if there are some free 

electrons of the oxygen and nitrogen atoms in the functional groups. 

Depending on the polymer chain's functional group, the composition and 

structure of the complexes are different. 

The use of natural biopolymers for various applications in life sciences 

has several advantages, such as availability from replenishable agricultural 

or marine food resources, biocompatibility and biodegradability, thus 

leading to ecological safety and the possibility of preparing a variety of 

chemically- or enzymatically-modified derivatives for specific end-uses 

(Sahoo et al., 2012). 

Degree of N-acetylation (DD) 

The degree of deacetylation, transforming the acetamido group into 

the amino group, is an essential parameter for determining chitin properties 

(Kumar, 2000). The effectiveness of the process reflects the solubility and 

properties of chitin solution. According to Kumar (2000), chitosan, a non-

toxic derivative of chitin, is formed to increase its solubility in specific 

organic and inorganic acid solutions based on the deacetylation process 

(Kumar, 2000). Among the main factors influencing the polymer properties, 

which include DD, Mw, polydispersity, and crystallinity, DD is one of the 

most vital parameters due to its effect on the polymer’s applications 

(Aranaz et al., 2009).  

Molecular weight  

The average molecular weight of chitin is 1.03 x 106 - 2.5 x 106 

Daltons, which is higher than that of chitosan (1 x 105 - 5 x 105 Daltons) 

because of deacetylation (Kumar, 2000). However, according to Sudha et 

al. (2017), chitin often weighs over 1 million Daltons. In contrast, chitosan's 

molecular weight ranges from 50 kDa to 2000 kDa depending on the 

processing and the raw material source. HPLC, light scattering, gel 

permeation chromatography, or a simple method viscometry can all 

measure these values (Kumar, 2000; Sudha et al., 2017).  
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The molecular weight of chitosan is an essential structural parameter. 

It determines the nature of chitosan including its adhesion, film-forming, gel 

formation, colour adsorption capacity, and especially the ability to inhibit 

microorganisms (Aranaz et al., 2009). Chitosan with a higher molecular 

weight has a higher viscosity. Low-molecular-weight chitosan usually has 

a higher biological activity, which is useful in many applications in 

agriculture, medicine, and biotechnology compared to the large molecular 

form, which creates good tension film. While low-molecular-weight chitosan 

has a viscosity of 30 - 200 cps, chitosan with a higher molecular weight 

than 1 million Daltons has a viscosity of up to 3,000 - 4000 cps. In addition, 

the viscosity of chitosan also depends on the degree of deacetylation, ionic 

strength, pH, and temperature of reaction (Tsaih & Chen, 1997). 

Solubility 

Due to the high hydrophobic characteristic, chitin cannot dissolve in 

aqueous solutions such as water and most organic solvents, whereas 

chitosan is soluble in dilute acids such as formic, acetic, pyruvic, citric and 

lactic acid below pH 6 because it consists of some amino groups (Kumar, 

2000; Sahoo et al., 2012; Sudha et al., 2017). Of the organic acid solvents 

dissolving chitosan, 1% of acetic acid is the most common (Sahoo et al., 

2012). According to this author, chitosan's solubility varies from 

hydrochloric to sulfuric and phosphoric acids; specifically, hydrochloric acid 

of only 1% concentration can dissolve chitosan. The hydrogen-bonded 

semi-crystalline structure of chitin is responsible for its tenuous solubility 

characteristic (Pillai et al., 2009; Sudha et al., 2017). The chitosan solution 

is stable in pH below 7, and it is quickly precipitated or gelatinised, forming 

a poly-ion complex or gel in alkali pH (Sahoo et al., 2012). 

 

2.1.3 Applications of chitosan  

Chitin, chitosan, and their derivatives possess many valuable 

properties such as antifungal properties, antimicrobial activity, and high 

biodegradability. They are non-allergenic and non-toxic to humans and 
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livestock (Dutta, 2004; Kim, 2011; Sahoo et al., 2012; Zargar et al., 2015). 

The amino groups in the chitin and chitosan structures can also form 

complexes with some transition metals such as Cu (II), Ni (II), Co (II) (Peng 

et al., 1998; Varma et al., 2004). Therefore, chitin and some of its 

derivatives are widely used in many fields including wastewater treatment, 

medicine, agriculture, industry, biotechnology (Rajoka et al., 2019; Sahoo 

et al., 2012). The applicability of chitin is evaluated lower than its 

derivatives, such as chitosan and glucosamine (Kim, 2011), so chitin is 

often used to prepare  derivatives. In contrast, chitosan is a substance with 

high chemical activity, so it is researched in many fields. 

2.1.3.1 Industrial fields 

Chitosan has full applications in many fields due to the reactive 

primary and secondary hydroxyl groups and amino groups at the C2 

position (Shahidi & Abuzaytoun, 2005). The cationic nature of chitosan 

makes it an ideal candidate for applications such as food processing waste 

treatment, recovery of waste materials from food processing wastes, 

purification of water, clarification of beverages, and recovery of single-cell 

proteins. This natural biopolymer has been used as an antimicrobial agent 

and in the formation of biodegradable films. Its cationic nature gives 

chitosan the ability to form complexes with various polyanions such as 

alginates, pectins, carrageenan, sodium (carboxymethyl) cellulose, natural 

tannins, lignosulfonates, and acidic glycosaminoglycans. In addition to 

chitin recovery from shrimp and crab processing waste, many authors have 

investigated the extraction of pigments, proteins, and carotenoproteins 

from this waste (Savant, 2000). 

In the food industry 

Chitosan has been indicated as a non-toxic, flexible, transparent, and 

high strength membrane due to the linkage of intramolecular and 

intermolecular hydrogen (Sahoo et al., 2012). It has excellent semi-

permeable membrane forming ability, so it will create barriers to limit the 

supply of oxygen on the surface of vegetables and fruits. Hence, the fruit's 
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respiratory process slows down, and the oxidation of phenol compounds 

that decide the fruit surface’s colour is reduced. Furthermore, as a gas 

barrier, chitosan film covers the material's entire surface to limit microbial 

growth, which is a significant cause of food spoilage. Chitosan has been 

researched and used in preserving many kinds of vegetables, including 

litchi and longan (Jiang et al., 2005). 

 According to Jeon et al. (2002), chitosan membranes have 

antibacterial, antioxidant properties that could be used to preserve meat 

and fish from deterioration. The author suggested that chitosan's 

antioxidant mechanism may be due to complexing activity with metal ions 

or chitosan combined with lipid. 

In fruit juice production, clarification is highly required. Currently, 

substances like gelatine, bentonite, potassium casein, tannin, polyvinyl 

pyrrolidone are used. Chitosan is an excellent clarifying agent for removing 

turbidity, removing suspended solids, and regulating acid fruit juice content. 

For apple, grape, lemon, and orange juice without pectin treatment, 

chitosan can make particular products. Especially in apple juice, turbidity 

can be minimised only at a treatment level of 0.8 kg/m3 without adversely 

affecting its quality criteria. Research has shown that chitosan has an 

excellent affinity for polyphenol compounds such as catechins, 

proanthocyanidins, cinnamic acid and their derivatives, which can inhibit 

turn apple juice oxidation reaction (Soto‐Peralta et al., 1989). 

In agriculture 

Chitosan is used in agriculture as a safe substitute for chemicals that 

have long been used, which can harm the environment and human health. 

It is used to improve the microorganism system selectively, enhance the 

activity of beneficial microorganisms in the soil, encase seeds to prevent 

fungal attack in the soil and enhance seed germination (Bautista-Baños et 

al., 2006; Nwea et al., 2002). Chitinase activity is increased during 

germination when the seed's surface is covered with a layer of chitosan. 

When using chitosan as a seed cover, the antifungal and bacterial 
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resistance of chitosan effectively supports germination and plant growth. In 

particular, chitosan plays a role in stimulating plants' immune system as a 

plant defence booster and the activity of certain enzymes such as 

phytoalexin, chitinase, and glucanase. In addition, adding these enzymes 

can reduce stress on plants, stimulate growth and increase yield (Dzung et 

al., 2011; Luan et al., 2006; Masjedi et al., 2017).  

In medical science 

Chitosan has been widely researched and applied in many medical 

fields such as artificial skin, burn treatment, thread, anti-inflammatory, 

healing wounds, anticoagulant, bone regeneration, bone adhesion, 

cholesterol control, weight control, drug delivery, microcapsules, contact 

lenses, and gene therapy. 

The derivatives, including N-octanoyl chitosan and N-hexanoyl, are 

studied as appropriate for use as anticoagulants (Hirano, 1996). According 

to Hirano, their biological compatibility with blood and tolerance to 

hydrolysis by lysozyme enzymes means they are suitable for making blood 

osmosis membranes. 

Chitosan has been studied and tested for properties that accelerate 

the process of wound healing because it tends to create polyelectrolyte 

complexes with heparin (Sahoo et al., 2012). In these studies, chitosan is 

considered a good slimming agent to prevent the human body from 

absorbing fat. Chitosan produced in microparticles or fibres can lower 

blood cholesterol (Yao et al., 2008). This result shows that the cholesterol-

lowering effect of chitosan depends on its molecular weight. High molecular 

weight chitosan has a better ability to lower cholesterol. 

Chitosan is also used as a coating material to maintain bioactive 

substances such as drugs, pigments, vitamins, and DNA (Sahoo et al., 

2012). To form a coating protector of astaxanthin which is a strong pigment 

in the composition of salmon, but which is very easily damaged and loses 

bioactivity in processing or preservation, chitosan forms a membrane 
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around the astaxanthin and can keep its quality stable for eight weeks 

(Higuera-Ciapara et al., 2004). 

Chitosan's high biocompatibility is studied and tested a lot in drug 

control and delivery. The primary forms of chitosan and derivatives are 

microparticles, nanoparticles, and emulsions. Many pharmaceutical 

excipients have been tested with chitosan. These include insulin, 5-

fluorouracil, anti-cancer drugs, anti-inflammatories (Sahoo et al., 2012). In 

anionic drug delivery systems, chitosan is the only choice in investigation 

of release devices (Elgadir et al., 2015). 

As a DNA carrier in the field of virus-free distribution systems in gene 

therapy, natural cationic chitosan is a good selection, existing in the form 

of nanoparticles (Sahoo et al., 2012). Chitosan exhibits perfect binding to 

DNA in saline solution or acetic acid and can protect DNA from nuclease 

enzyme damage (Mao et al., 2001). Furthermore, compared to other non-

viral vectors (liposomes and cationic polyelectrolytes) chitosan can be safe 

and biocompatible even at high doses (Sahoo et al., 2012).  

In recent years, advances in biomedical ceramic materials have been 

applied and developed in human health care. Microcrystalline chitosan and 

hydroxyapatite composites have many potential applications due to their 

high compatibility and biological activity, especially the need to create bone 

products in orthopedic trauma surgery (Pighinelli & Kucharska, 2014). 

Chitosan-hydroxyapatite (Hap/CS) nanomaterials can be synthesised from 

the solution following the chemical reaction method between calcium salt 

and phosphorus salt with chitosan blend (Finisie et al., 2001). In tissue 

engineering, chitosan is a potential substrate due to its porous structure, 

capable of creating a gel, easy to implement and modified, with a high 

affinity for macromolecules. Many chitosan application studies have been 

implemented in bone tissue techniques, mainly focusing on chitosan-

phosphate calcium compounds (Kim et al., 2008). 

The main applications of chitosan are summarised in Figure 2.4 

below. 
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- Mixtures of pigments 

from textile factories 
Chitin, Chitosan 

Particles 

Protein recovery Chitosan Solution 

 

Chitosan possesses quite good properties as shown in Table 2.2. It is  

non-toxic and biodegradable for safe removal of pollutants dissolved in 

wastewater (Dutta, 2004; Varma et al., 2004; Zeng et al., 2008). Its 

physicochemical properties such as the high density of positively charged 

and long polymer chains create good connections for the coagulation and 

flocculation process, giving chitosan the capacity to be both a coagulant 

and a flocculant as well (Chen et al., 2003; Cheng et al., 2005; García, 

2016; Guibal & Roussy, 2007; Guibal et al., 2006; No & Meyers, 1989; 

Wibowo et al., 2005; Woolard & Irvine, 1994). Some studies have 

concluded that chitosan and its derivatives (especially bio-compound 

polymers) are potential substitutes for metal salts and synthetic multi-

charge substances in wastewater treatment for soluble and insoluble solids 

in water (Renault et al., 2009). In addition, chitin, chitosan, and its 

compounds can remove heavy metals, remove colour from wastewater, 

and recover residual protein content as illustrated in Table 2.1 (Trang et 

al., 2010). However, more research is needed to optimise chitosan 

properties because reducing acetyl groups affects the ability of flocculation 

and its molecular weight affects the ability to produce sediment. 

 

Table 2.2 Principal properties of chitosan about its use in water and waste 

treatment application (Renault et al., 2009) 

Principal characteristics Potential applications 

- Non-toxic 

 

- Biodegradable 

 

- Renewable resources 

 

 

- Flocculant to clarify water 

(drinking water, pools) 

- Reduction of turbidity in food 

processing effluents                                              

- Coagulation of suspended 

solids, mineral and organic 

suspensions 
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- Ecologically acceptable polymer 

(eliminating synthetic polymers, 

environmentally friendly) 

- Efficient against bacteria, 

viruses and fungi 

- Formation of salts with organic 

and inorganic acids 

- Ability to form hydrogen bonds 

intermolecularly 

- Ability to encapsulate 

 

- Removal of pollutants with 

outstanding pollutant-binding 

capacities 

- Flocculation of bacterial 

suspensions 

 

- Interactions with negatively 

charged molecules 

- Recovery of valuable products 

(proteins) 

- Chelation of metal ions 

- Removal of dye molecules by 

adsorption processes 

- Reduction of odours 

- Sludge treatment 

- Filtration and separation 

- Polymer-assisted ultrafiltration 

 

2.2 Production methods of chitin and requirements of wastewater 

discharge 

2.2.1 Typical processes on industrial chitin production 

Chitin is harvested from shrimp and sea crabs that contain large 

amounts of protein, minerals and pigment compounds. The crustacean's 

shell composition usually contains 30-40% protein, 30-50% calcium 

carbonate and calcium phosphate, and 20-30% chitin (Knorr, 1984). Chitin 

fibrils are often closely associated with calcium carbonate and phosphate 

and large amounts of protein (Sahoo et al., 2012). Sahoo’s paper also 

suggests that chitin accounts for 14-27% of the dry weight of seafood 

waste.from shrimp and 13-15% from crab.  

2.2.1.1 Chemical methods 

Chitin in shrimp scraps is always bound by certain compounds, which 

have to be removed during chitin production (Percot et al., 2003). These 

non-chitin compounds include proteins, minerals, pigments, lipids and 

other minor compounds with varying concentrations depending on the type 

of material  (Islam et al., 2004). The removal of non-chitin components can 

be accomplished by chemical, biological, or biochemical methods. 

However, large-scale chitin production processes mainly use a chemical 
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method which is fast, simple, and easy to implement (Percot et al., 2003). 

However, this method also entails some drawbacks, including chitin 

productions with low molecular weight, low viscosity, significant chemical 

residues, corrosive equipment, and particularly dangerous environmental 

pollution (Kaur & Dhillon, 2015). 
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Figure 2.5 Protocol of chitin production from seafood waste 

(Trang et al., 2010) 
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Some studies have conducted the demineralisation process before 

deproteinisation (see Figures 2.5 and 2.6)  (Aranaz et al., 2009; Percot et 

al., 2003), but others have preferred the opposite way of treatment, 

implementing the deproteinisation first and then demineralising (Kaur & 

Dhillon, 2015; Vazquez et al., 2013). Each method has its advantages and 

disadvantages; however, it is suggested that the demineralisation should 

be performed first to eliminate the residual mineral content as much as 

possible (Tolaimate et al., 2003). 

 

Demineralisation 

Seafood wastes from shrimp and crab contain a high amount of 

mineral content (the majority is CaCO3 and some of Ca3(PO4)2) (Vazquez 

et al., 2013). The demineralisation process has been implemented by some 

chemicals such as HCl, HNO3, and H2SO4 (Aranaz et al., 2009; Cho et al., 

1998). Depending on the input raw material and chitin quality requirement, 

there are different demineralisation processes used.  

Some reactions occur in the demineralisation:  

 CaCO3 + HCl CaCl2 + CO2 + H2O 

 Ca3(PO4)2 + 6HCl 3CaCl2 + 2H3PO4 

It must be stirred frequently during acid soaking because the mineral 

content in the Ca3(PO4)2 will react with HCl to create Ca(H2PO4)2. 

 Ca3(PO4)2 + 4HCl 2CaCl2 + Ca(H2PO4)2 

Ca(H2PO4)2 is described as an acidic salt. If the acid circulation is 

slow, this salt can react with Ca3(PO4)2 to create CaHPO4 which is insoluble 

in water, making it difficult for subsequent treatment stages: 

 Ca3(PO4)2 + Ca(H2PO4)2  4CaHPO4 

After acid soaking, a neutral wash cycle is used for washing out all the 

CaCl2 and H3PO4 created, and the excess HCl. The washing process is 

terminated when the pH value of the effluent nears 7. In practice, the sum 

of water washed is always 4 to 5 times higher than the amount of water 

used in the process.  
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production process, to make white chitin, it is necessary to remove the 

colour. This bleaching can be done by exposure to sunlight or by using 

chemicals such as KMnO4, H2O2, NaOCl, NaHSO3 (Kaur & Dhillon, 2015; 

Vazquez et al., 2013). H2O2 and NaOCl are the most commonly used. 

 

2.2.1.2 Biochemical methods 

The traditional chitin treatment method undergoes an intensive 

process utilising concentrated acid and alkali solutions under high-

temperature conditions for prolonged incubation time. It therefore 

consumes a lot of chemicals and energy (Kaur & Dhillon, 2015). This 

extraction process harms chitin's physical-chemical properties, pollutes the 

effluent due to a high chemical content, and increases the cost of chitin 

purification (Dhillon et al., 2013). Because of these shortcomings, a 

biological process of chitin extraction is proposed as a viable solution, 

creating high-quality chitin products using an environmentally friendly 

method (Kaur & Dhillon, 2015). 

- Deproteinisation process: replacing chemicals with enzymes 

- Demineralisation process: replacing inorganic acids with organic acids  

- Bleaching process: using KMnO4, H2O2, NaOCl, NaHSO3, O2 

2.2.1.3 Advantages and disadvantages of chemical and biological methods 

The comparison of chemical and biological chitin extraction is given in 

Table 2.3 below (Kaur & Dhillon, 2015). The microbial method for chitin 

extraction from shrimp scraps is better than a traditional chemical method 

because it decreases the reproduction time, uses less chemical, and 

requireses less energy input (Khanafari et al., 2008). With environmentally 

friendly methods to produce chitin, earlier demineralisation makes 

enzymatic deproteinisation more convenient because it increases tissue 

permeability and reduces potential enzyme inhibitors (Synowiecki & Al-

Khateeb, 2000). Even though the current biological treatment method is 

only applied at the laboratory scale, it can potentially replace the harmful 
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traditional chemical methods currently used on an industrial scale (Kaur & 

Dhillon, 2015). 

 

Table 2.3 Advantages and disadvantages of chemical extraction and 

biological extraction methods of chitin (Kaur & Dhillon, 2015) 

Extraction 

method 

Parameter Advantages/Disadv

antages 

Quality of extracted 

chitin/ other 

remarks 

Traditional 

chemical 

extraction 

- Demineralisation 

treatment with 

concentrated acids 

(HCl, HNO3, 

H2SO4, CH3COOH 

and HCOOH), 

temperature > 

1000C and long 

processing time. 

- Deproteination 

with alkali 

(NaOH/KOH) 30-

50% w/v, up to 

1000C, up to 72h. 

 

- Well established 

for commercial 

preparation of 

chitin. 

- Not 

environmentally 

friendly, a huge 

amount of waste is 

generated. 

- High cost and 

laborious process 

- Difficult to extract 

by-products due to 

concentrated acids 

and alkali. 

- Inconsistent levels 

of DA and high MW 

which negatively 

affects the intrinsic 

properties of the 

purified chitin 

- This method 

allows almost 

complete removal 

of organic salts, but 

at the same time 

reactions of 

deacetylation and 

depolymerisation 

may occur. 

- Effluent treatment 

with acid and 

alkaline extraction 

of chitin may cause 

an increase in the 

cost of chitin  

Biological 

extraction 

- Demineralisation 

is carried out in situ 

by lactic acid 

produced by 

bacteria by 

converting an 

- Environmentally 

safe as no waste is 

generated. 

- Processes limited 

to laboratory-scale 

- Final product is 

homogeneous and 

high quality  

- The extraction 

cost can be brought 

down by using 
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added carbon 

source. 

- Deproteination 

carried out by 

proteases secreted 

into the 

fermentation 

medium. 

- Deproteination 

can be achieved by 

adding exo-

proteases and/ or 

proteolytic bacteria. 

studies only at this 

stage 

abundant waste 

biomass as the 

carbon source. 

- Solubilised 

proteins and 

minerals may be 

used as human and 

animal nutriments. 

- The co-culture or 

consortium of 

bacteria producing 

lactic acid and 

proteases can be 

used for single-step 

chitin extraction. 

 

2.2.2 Studies on chitin wastewater characteristics 

The characteristics of this wastewater source fluctuates significantly 

and is unstable depending on the input materials and production 

technology. The following paragraphs present some research that 

analysed chitin production wastewater characteristics. 

In Pham (2011), the main source of raw materials for chitin - chitosan 

production was tiger prawn scraps from seafood processing companies in 

Nha Trang City, Vietnam. The production technology completely followed 

the chemical method, using HCl 32% to demineralise and NaOH 98% to 

deproteinate. 

 

Table 2.4 Characteristics of wastewater of chitin - chitosan production 

(Pham, 2011) 

Parameter Unit Value 

pH  3.62 – 12.05 

BOD5 mgL-1 130 –735 

COD mgL-1 13,869 – 14,540 
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TN mgL-1 673 – 947 

N-NH3 mgL-1 11.7 – 140 

TP mgL-1 139 – 197 

TSS mgL-1 4,638 – 5,098 

Chloride mgL-1 2,059 – 4,544 

Calcium mgL-1 380 – 2,520 

Arsenic mgL-1 0.003 – 0.008 

Cadmium mgL-1 0.002 – 0.006 

Lead mgL-1 < 0.003 

Cromium mgL-1 0.096 – 0.047 

 

The chitin - chitosan wastewater in this study had a strong pH 

fluctuation over an extensive range because the neutralisation process was 

not done synchronously. The wastewater discharge of both the acidic 

stream and the alkaline flow was sometimes not gathered in the 

equalisation tank to neutralise before being discharged directly into the 

drainage canal. Therefore, it was necessary to regulate the concentration 

of these two effluents and to stabilise the pH. The COD, BOD5, and total 

nitrogen were very high, proving that this wastewater contains very high 

levels of nutrient. This wastewater was treated physicochemically as a pre-

treatment method effectively because of the total suspended solids of 

about 5,000 mgL-1. The content of mineral salts in chitin - chitosan 

production was relatively high, mainly calcium compounds from the 

demineralisation process, so to improve treatment efficiency, the 

processors needed to consider variations of the biological treatment 

systems. Also, the parameters of heavy metals such as As, Cd, Pb, Cr 

showed that all values were acceptable, so the heavy metal pollution in 

chitin-chitosan production technology was not alarming. 

The study of Dotto et al. (2013) collected wastewater samples 

according to predetermined proportions. The wastewater was gathered 

with the following mixing ratios: 20% of the demineralised waste stream 
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treated with HCl, 30% of deproteination waste treated with NaOH, and 50 

% decoloured waste treated with NaClO. Wastewater characteristics are 

shown in Table 2.5. 

 

Table 2.5 Chitin production wastewater characteristics (Dotto et al., 2013) 

Parameter Unit Value 

pH  12 

TS mgL-1 2,540 ± 40 

SS mgL-1 630 ± 10 

Turbidity NTU 188 ± 2 

 

The waste stream's pH was quite high (12), indicating alkalinity 

because the mixture contains 10% more alkali than the acidic content. The 

suspended solids in the chitin waste stream were high, indicating that the 

removal process of protein and minerals from shrimp scraps by the 

chemical method is effective. 

A slightly different approach, in Zhao and Xia (2009), focused on the 

alkaline stream of chitin wastewater. Input materials were seafood waste 

and shrimp shells from Haipu Bio seafood processing company (Shipu, 

Zhejiang Province, China). Enzymes processed raw materials under fixed 

conditions and stored them at -180C before production. For the alkaline 

flow used to degrade proteins, a solution of NaOH 1N at a ratio of 1:13 

(w/v) was prepared, then mixed into the material and stirred at a constant 

velocity at temperature 90-100OC during 0.5 - 1 hour. The filtered alkali 

mixture flow was pumped to the reservoir when the wastewater 

temperature measured about 70 – 80OC.  

 

Table 2.6 Alkaline effluent characteristics of chitin production (Zhao & Xia, 

2009) 

Parameter Unit Value 

CNaOH % 3.42 
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Na+ mgL-1 195.80 

Ca2+ µgL-1 148.4 

COD gL-1 5.779 

Cprotein gL-1 1.0 

SS mgL-1 1,100 

 

The COD parameter and suspended solids in this alkaline stream 

were quite high, showing a significant organic pollution level. Notably, a 

high concentration of protein and NaOH was in fact the reason why the 

author wanted to recover these residual amounts in this alkaline waste 

stream. 

In contrast to the above research, Yang et al. (2004) studied only the 

acid flow of chitin production. Wastewater was collected from the chitin 

manufacturing company in Zhejiang Province in China where input 

materials are shrimp and crab shells. First, the carbonate compounds were 

removed using HCl, then protein and fatty substances were treated with 

NaOH. The final stage was to colourise with chemical agents. The acidic 

wastewater of this process was very concentrated as Table 2.7 shows. 

 

Table 2.7 Characteristics of the acid stream of chitin wastewater 

production (Yang et al., 2004) 

Parameter Unit Value 

pH  2 – 3 

COD mgL-1 12,000 – 15,000 

Cl- mgL-1 6,000 – 10,000 

 

With a low pH of 2 - 3, the chitin production effluent was strongly 

acidic, the level of organic pollution was high with COD of 12,000 - 15,000 

mgL-1 and Cl- contents were very high at 6000 - 10,000 mgL-1. This 

wastewater had a high salinity level, so it was not suitable for sole biological 

treatment technology. 
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The nature of chitin wastewater varies significantly in terms of different 

production methods. Trang (2009) tested the wastewater characteristics to 

compare the traditional chemical method (TCM) and the modified process 

(MP).  

- In the traditional chemical method (TCM): protein and fat content are 

removed by NaOH, minerals are removed by HCl, and colour is eliminated 

by NaClO. 

- In the modified process (MP): Waste shrimp was ground to 5-6 mm 

then deproteinisation by Flavorzyme at 50OC, pH 6.5, enzyme/material 

ratio 0.1%, hydrolysis time 6h. After filtering and separating, the solid 

residues that contain chitin, protein, and astaxanthin were then processed. 

The solid residue was treated to take the remaining protein using 2% 

NaOH, for 12 hours at room temperature and demineralisation continued 

with 4% HCl, for 6 hours at room temperature, followed by neutral washing, 

drying and collecting chitin. The fluid was used to recover protein and 

astaxanthin as follows. 5% HCl was used to decrease the pH of the solution 

to 4.5 and then stirred quickly for 15 minutes. At the end of this process, 

protein molecules precipitated into fine particles. High deacetyl chitosan 

(85-87%) was used as a coagulation aid at a concentration of 100 ppm. 

The solution was stirred slowly and continuously then allowed to settle for 

2 hours. The liquid supernatant was removed to filter the solid portion 

containing protein and astaxanthin. 

 

Table 2.8 Differences in chitin production wastewater characteristics 

between 2 methods (Trang, 2009) 

Parameter Unit Value 

  TCM MP 

BOD mgL-1 20,000 11,000 

COD mgL-1 40,500 29,000 

TSS mgL-1 7,000 500 
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The analytical results showed that there were fewer suspended solids 

in the wastewater samples from the modified process using enzymes and 

protein recovery. Compared with the chemical method without protein 

recovery, the suspended matter was 90% lower, BOD was 50% lower, and 

COD more than 30% lower. This result was due to MP using enzymes that 

reduced the number of chemicals required and because recovering 

proteins left less residue suspended in the wastewater. This experiment 

proves that the process of enzymatic treatment combined with protein 

recovery has a good impact on reducing environmental pollution towards 

cleaner production. 

 

2.2.3 Vietnamese technical regulation on aquatic effluent 

Chitin wastewater with high nutrient contents including nitrogen, 

phosphorus, and many minerals, acidity, alkalinity, and salinity causes 

significant difficulties in treatment processing. The waste sources are 

characterised by high fluctuation and unstable quality and capacity, relying 

heavily on input materials and production technology as well. The 

significant components of shrimp scraps such as protein, astaxanthin, lipid 

will pollute the environment and cost much money on wastewater treatment 

system unless they can be ultimately eliminated. 

In order to limit the types of nutrient-rich wastewater from seafood 

processing, including from chitin production, the Vietnamese technical 

regulation QCVN 11-MT:2015/BTNMT (QC11) has specific provisions as 

follows. 

In this regulation, seafood processing wastewater is defined as a 

wastewater generated from factories and establishments using 

technological processes to produce aquatic products (frozen aquatic 

products, canned goods, dried goods, fish sauce, and fish meal). Further, 

wastewater receiving sources are defined as urban drainage systems, 

residential areas, rivers, streams, crevices, canals, lakes, ponds, lagoons 

and coastal sea areas with specific uses. 
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The maximum allowable value of seafood processing wastewater 

parameters when discharged into wastewater receiving sources is 

calculated according to the following formula. 

𝐶𝑚𝑎𝑥 = 𝐶 × 𝐾𝑞 × 𝐾𝑓 

Cmax is the maximum allowable value of parameters in seafood 

processing wastewater when discharged into wastewater receiving 

sources. 

C is the value of parameters in seafood processing wastewater 

specified in Table 2.9. 

Kq is the coefficient of wastewater receiving source in Table 2.11 

corresponding to the flow of rivers, streams, slots, canals, channels, 

ditches, the capacity of lakes, ponds, lagoons, and the purpose of use of 

coastal waters. 

Kf is the coefficient of waste source discharge specified in Table 2.12, 

corresponding to the total wastewater flow of aquatic product processing 

establishments when discharging it into wastewater receiving sources. 

The maximum allowable value of Cmax = C is applied for pH and total 

coliform parameters 

Aquatic product processing wastewater discharged into urban and 

residential water drainage systems without centralised wastewater 

treatment plants arre required to apply the value of Cmax = C set out in 

column B of Table 2.9. 

 

Table 2.9 Allowable values for QCVN 11-MT:2015/BTNMT standard 

No. Parameters Units 
C value 

A B 

1 pH - 6 – 9  5.5 – 9 

2 BOD5 at 20OC mgL-1 30 50 

3 COD mgL-1 75  150 

4 TSS mgL-1 50 100 

5 NH4
+-N mgL-1 10 20 
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6 TN mgL-1 30 60 

7 TP mgL-1 10 20 

8 Total fat/oil mgL-1 10 20 

9 Free Chlorine mgL-1 1 2 

10 Total coliforms MPN or 

CFU/100mL 

3,000 5,000 

 

Columns A and B define the C value of water parameters from 

seafood processing when discharged into water sources used (column A) 

and not used (column B) for domestic water supply purposes. The using 

purpose of the wastewater receiving source is determined in the 

wastewater receiving area. 

 

Table 2.10 Wastewater receiving source coefficient Kq corresponding to 

the flow rates 

The quantitative flow of wastewater receiving 

source (m3s-1) 

Kq 

Q ≤ 50 0.9 

50 < Q ≤ 200 1.0 

200 < Q ≤ 500 1.1 

Q > 500 1.2 

 

Q is calculated as the average value of the flow of the greatest 3-month stock 

of wastewater in 3 consecutive years. 

 

Table 2.11 Wastewater receiving source coefficient Kq corresponding to 

the volumes of wastewater receiving source 

The volume of wastewater receiving source 

(m3) 

Kq 

V ≤ 10 x 106 0.6 

10 x 106  ≤ V ≤ 100 x 106 0.8 
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V > 10 x 106 1.0 

 

V is calculated as the average value of the volume of lakes and 

wastewater receiving ponds for the three driest months in 3 consecutive 

years 

When there is no data on the flow of rivers, streams, canals, channels 

or ditches, the coefficient of Kq = 0.9 is applied. If there is not capacity data 

a pond, lake or lagoon, then Kq = 0.6 is applied. Coastal waters including 

fresh, saline or brackish lagoons, that are used for aquatic conservation, 

sport and recreational purposes apply Kq = 1, otherwise Kq = 1.3. 

 

Table 2.12 Discharge source coefficient Kf 

Flow rates F (m3d-1) Kf 

F ≤ 50 1.2 

50 < F ≤ 500 1.1 

500 < F ≤ 5000 1.0 

F > 5000 0.9 

 

2.3 Treatment processes of organic saline wastewater 

2.3.1 Physico-chemical treatment of hypersaline effluents for removal of 

salt and organic matter 

2.3.1.1 Thermal  

Using heat to separate clean water and insoluble residues such as 

salt, organic substances, the solar evaporation method is relatively 

inexpensive (Lefebvre & Moletta, 2006). According to (Qiblawey & Banat, 

2008), there are four types of solar systems that can distil high salinity 

water: salinity-gradient solar ponds, flat-plate collector, evacuated tube 

collector, and parabolic trough collector. In places where the freshwater 

need is less than 200m3/day, the direct solar method is more effective 

(Qiblawey & Banat, 2008). 
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2.3.1.2 Coagulation-flocculation 

The coagulant-flocculation method is common, simple and easy to 

operate. It is used to remove organic and inorganic particles as suspended 

and colloidal solids, natural organic matter, infectious agents, toxic 

compounds presented as particles, and to make the water palatable. This  

principle of this method is to combine small particles into large flocs which 

can be easily separated by settling or dissolving air flotation (Davis, 2010).  

Conventional coagulants include inorganic and organic compounds. 

Inorganic coagulants usually are metallic ions with a high charge density 

such as aluminium metals (aluminium chloride, aluminium sulphate, 

sodium aluminate) and iron-based metals (ferrous sulphate, ferric sulphate, 

ferric chloride), The coagulation method with alum, ferric chloride, or 

polymers is good for water with high turbidity and alkalinity. It is usually 

recommended to combine coagulation with a coagulation aid to achieve 

higher process efficiency. For alum the dosage required ranges from 10 to 

150 mgL-1, while ferric chloride and ferric sulphate dosages vary from 10 to 

250 mgL-1 (Crittenden et al., 2012). As mentioned Crittenden et al., 

inorganic salts are usually sensitive to pH, so a base is often added, 

whereas PAC can be used at a wider pH ranging from 4.5 to 9.5. 

Among organic coagulants, the commonly used cationic organic 

coagulants are epichlorohydrin dimethylamine (epi-DMA) and poly diallyl 

dimethyl ammonium chloride (poly-DADMAC) (Bratby, 2016; Davis, 2010; 

Moran, 2018; Tetteh & Rathilal, 2019). Typically, these organic polymers 

are classified as strong polyelectrolytes with their formal positive charge 

quaternary ammonium groups and irrespective of the pH value (Bolto & 

Gregory, 2007). 
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Table 2.13 Frequently used traditional coagulants (Davis, 2010; Kumar et 

al., 2017; Tetteh & Rathilal, 2019) 

Name Molecular 

weight 

(g/mole) 

Uses Remarks 

Aluminium 

sulphate 

Al2(SO4)3.14H2O 

594 Most effective 

between pH 6.5 -

7.5; easy to 

operate 

Hg contamination 

may be of concern; 

salts released to 

water 

Sodium 

aluminate 

Na2Al2O4 

164 Effective in hard 

water; small 

dosage needed 

Provides alkalinity 

and pH control; 

ineffective in soft 

water 

Ferric chloride 

FeCl3.6H2O 

162.5 Effective between 

pH 4 and 11 

Adds salts to the 

water; need double 

the alkalinity 

compared to alum 

Ferric sulphate 

Fe2(SO4)3 

400 High valid 

between pH 4 – 6  

and 8.8 – 9.2 

Adds salts to the 

water; alkalinity 

needs to be 

controlled 

Aluminium 

chloride 

AlCl3 

133.5 Used in blends 

with polymers 

 

Polyaluminum 

chloride (PAC) 

Alw(OH)x(Davide 

Dionisi a)y(SO4)z 

Variable Floc is denser 

and faster settling 

than with alum in 

some 

applications 

“PACl” used when Hg 

contamination is a 

concern 
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Polyaluminium 

chlorohydrate 

(ACH) 

AlnCl(3n-m)(OH)m 

Variable Alternative to 

alum when raw 

water has low pH 

and alkalinity 

Less impact on pH 

 

The mechanisms of coagulation/flocculation (C/F): 

The C/F is used to remove a wide range of impurities from effluent, 

including colloidal particles and dissolved organic matter (Renault et al., 

2009). In a colloidal system, to gain aggregation, electrostatic, steric 

stabilisations, or a combination of electrosteric stabilisations is used to 

remove or eliminate undesirable matter. Generally, between two phases 

with different chemical compositions, the process of distribution of charge 

is accompanied by the transfer of charged molecules from one phase to 

another, resulting in the charge generated on the surface of this phase 

being equal to the charge of the other phase, but the opposite electrical 

charge. Thus, a charge double-layer is formed. In other words, different 

phases possess different charge affinities, and electrical double-layers are 

created at any interface. 

The zeta potential depicting electrical potential at the slipping plane 

between motion and non-motion layer is considered the most crucial 

parameter to measure the strength of the electrostatic repulsion between 

suspended colloidal particles. The coagulation process tends to happen 

quickly when the magnitude of the zeta potential is usually below ± 5mV. 

The following section  describes how the colloidal solution's stability 

in water is lost by separate mechanisms in the C/F process; however, some 

mechanisms occur concurrently. 

 

❖  Electric double-layer compression 

This mechanism is preferred for highly charged ionic coagulants (Das, 

2019). When the repulsive force is smaller than the van der Waals force of 

attraction, colloidal particles are pulled closer together following Brownian 
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motion. The electric double-layer is subsequently compressed (Davis, 

2010), and the electrostatic barrier preventing the particles from 

aggregation is suppressed (Figure 2.7a). 

Both ionic strength and the counterions charge can strongly affect 

electric double-layers compression (Davis, 2010). More strong ions in the 

solution lead to reducing the zeta potential, and the electrical double layer 

is more compressed due to a decrease in the thickness of its diffuse part 

(Duan & Gregory, 2003). Thus, it can be said that the zeta potential is the 

parameter describing the instability of colloidal particles in water treatment 

(Zhang et al., 2008). In terms of counterions charge, with the monovalent 

ion in the range of 25 to 15 mmol.L-1, divalent ions in the range from 0.5 to 

2 mmol.L-1, and trivalent ions in the range from 0.01 to 0.1 mmol.L-1, C/F 

appears (Davis, 2010). 

❖ Charge neutralisation  

In this mechanism, positively charged coagulants such as hydrolysed 

metal salts, pre-hydrolysed metal salts, and cationic polymers neutralise 

the negatively charged dispersed particles in the colloidal solution (Das, 

2019; Davis, 2010). The oppositely charged pairs are attracted to each 

other (Figure 2.7b). Flocs formed by the charge neutralisation mechanism 

are denser than those generated by sweep coagulation (Jiao et al., 2015). 

The skeleton frameworks supply multiple active sites to adsorb dispersed 

particles and neutralise charge for high molecular coagulants (Das, 2019). 

 

❖ Adsorption and interparticle bridging  

In this mechanism, polymeric coagulants added are adsorbed on the 

surface of dispersed matters by the coulombic interactions, dipole 

interactions, hydrogen bonds or van der Waals’ attraction force (Davis, 

2010; Shamsnejati et al., 2015). Charged polymer chains such as poly-

DADMAC and epi-DMA present a long-chained skeletal framework that 

can create interparticle bridging to the small colloidal particles (Das, 2019; 

Davis, 2010; Shamsnejati et al., 2015). The bridge linking multiple sites on 



63 

 

the polymeric coagulants and the unoccupied adsorption sites of colloidal 

particles results in bigger and denser flocs that quickly settle down (Figure 

2.7c).   

 

❖ Sweep coagulation  

In sweep coagulation, the destabilisation of a colloidal system by 

exceeding saturation for metal hydroxides, aluminium, and iron salts 

produces insoluble precipitates (Davis, 2010). The dispersed particles are 

subsequently enmeshed in the precipitate matrix, called sweep coagulation 

(Figure 2.7d). Nucleation on the surface of the dispersed matters and then 

developing into these precipitates can entrap these particles. This is the 

mechanism proposed in water treatment (Davis, 2010). Compared to the 

charge neutralisation mechanism, sweep coagulation offers an enhanced 

measurement and a more effective pollutant removal (Duan & Gregory, 

2003; Nath et al., 2020).  
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Figure 2.7 Four different coagulation/flocculation mechanisms (Das, 2019) 

 

2.3.1.3 Ion-exchange 

Ion exchange is the physicochemical process in which ions change 

from solid to liquid phase or vice versa. This technique is mainly used to 

treat hard water and reduce its residual mineral content (Metcalf & Eddy, 

2003). 

Because of this property of regenerating an ion exchanger which has 

lost the ability to restore its exchange capacity, the ion exchange reaction 

is reversible. This exchange capacity depends on the content of the 

functional groups in beads of resin. For a strong acid cation exchange 

resin, the regular dry-weight capacity ranges from 3.6 to 5.5 meq.g-1, 
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whereas the wet-volume capacity ranges from 1.8 to 2.0 meq CaCO3mL-1 

(Davis, 2010). 

There are four types of exchange resins: cation from a strong acid, 

and from a weak acid, anion from a strong alkali and from a weak alkali. 

The strongly acidic cation exchange resin can exchange neutral salts into 

corresponding acids if reacting with hydrogen-containing groups R-H 

NaCl  +  R-H HCl +  R-Na 

The weakly acidic cation resin is capable of exchanging alkali salts 

into corresponding weak acids but not exchanging with non-alkaline salts 

such as NaCl or CaSO4 

Ca(HCO3)2 + R-H (2R)Ca + 2H2CO3 

Strong alkali anion exchanger usually converts neutral salts into 

corresponding strong bases such as NaCl, CaSO4 if the group contains 

hydroxide R-OH 

SO4
2- + 2R-OH (2R)SO4 + 2OH- 

Weak alkaline anion resin changes free mineral acids such as HCl or 

H2SO4 into water but does not exchange with weak dissociated acids such 

as carbonic acid or silicic acid. 

According to Lefebvre & Moletta (2006), both cation and anion 

exchange need to be used to treat high saline wastewater. The first cation 

exchanger uses hydrogen ions to replace positively charged salt ions 

(Lefebvre & Moletta, 2006). This solution continues through the negative 

anionic resin to exchange with hydroxide ion. This process is to form water 

molecules that replace the salt molecules presented in the wastewater. As 

mentioned in (Lefebvre & Moletta, 2006), the applied water has to have 

relatively few suspended solids to prevent clogging, and the cost of 

operation and the price of exchange resins is expensive. This technique is 

not suitable for saline water with high residual organic matter content. 

2.3.1.4 Membrane 

The membrane method is used to separate the components in the 

water, dividing them into two main groups according to the pressure-driven 
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and the electrically driven processes (Davis, 2010). For wastewater 

treatment, the techniques used to isolate ions from the solution are reverse 

osmosis (RO) and nanofiltration (NF). The other techniques applied to 

separate suspended solids are microfiltration (MF) and ultrafiltration 

(GÉSan-Guiziou et al., 2002). For wastewater with high organic matter 

content, the coagulation-flocculation process should be conducted before 

using the membrane method (Davis, 2010). The appropriate membrane 

methods are RO and electrodialysis (ED) for high saline wastewater 

because Na and Cl ions are very small, suitable for these two types of 

membranes only (Lefebvre & Moletta, 2006). However, MF, UF and NF 

techniques are useful when removing suspended solids causing high COD. 

According to Afonso & Bórquez (2002), UF membranes have been used to 

recover efficiently residual protein content in seafood processing 

wastewater (Afonso & Bórquez, 2002). In their study, Combining MF with 

UF increased the effectiveness of the treatment of suspended substances. 

This combination removed about 90% of COD in water and grease from 

olive oil wastewater (Turano et al., 2002). 

According to Metcalf & Eddy (2003), RO is a technique in which the 

solvent goes across an ideal semi-permeable membrane from a 

concentrated solution to a dilute solution if the pressure is higher than the 

osmotic pressure created by the dissolved salts in the wastewater (Metcalf 

& Eddy, 2003). For saline water, the RO system allows the pure water to 

flow to the saline solution's fresh side (Davis, 2010). Concerning the 

electrolysis process, the electric current is supplied to force ion migrations 

in the water flow through the cationic and anion permeable membranes, 

which are arranged alternately (Metcalf & Eddy, 2003). Although RO is the 

most effective method for removing salt and ED is also an appropriate 

method, they are expensive approaches for organic saline water, so they 

are not feasible for treating domestic and industrial wastewater (Lefebvre 

& Moletta, 2006). 
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However, Schutte et al. (1987) demonstrated that these two methods 

had a good effect on salts for olive oil processing effluent (Schutte et al., 

1987). The RO system removed 99.4% salt and 98.2% of COD and 

eliminated colour and BOD content in this wastewater (Sridhar et al., 2002). 

Generally speaking, to use RO is effective and avoids clogging of the 

membrane by the quality of the input water. For this method, the UF should 

be pre-applied for olive oil wastewater treatment (Vitolo et al., 1999). 

 

2.3.2 Biological treatments for highly concentrated organic matter 

wastewater 

2.3.2.1 Anaerobic treatment of saline effluents for removal of organic 

matter 

Effect of salt on anaerobic treatment 

Sodium content inhibiting anaerobic biodegradability has been 

studied by (Feijoo et al., 1995). They report that sodium concentrations of 

3 to 16 gL-1 caused inhibition of up to 50% if sludge did not contain nutrients 

or other salts. Also, in replacing NaCl by seawater, the sodium 

concentration might increase from 4 to 10 gL-1 to lead to the same inhibition 

level. Notably, depending on the type of sludge, sodium toxicity varied 

significantly. In this study, for adapted sludge, sodium had a 50% inhibitory 

effect on propionic, acetic and n-butyric at concentrations of 10.5 gL-1, 17 

gL-1, and 19 gL-1 respectively. For non-adapted sludge, however, only 5 to 

6 gL-1 sodium caused 50% of inhibition. The sodium salt concentration also 

caused potent inhibition of the  anaerobic digestion of kitchen waste(Anwar 

et al., 2016). If the sodium content exceeded 8 gL-1, this process inhibited 

the possibility of methane production significantly. 

Nevertheless, (Omil et al., 1995) did not find that salt could cause a 

potent inhibition of the effects of anaerobic bacteria on systems of seafood 

processing wastewater treatment. Depending on the adaptation of active 

methanogenic biomass, the anaerobic process still effectively dissolved 

sulphide content and total ammonium even if salinity reached 6-10 gL-1. 



68 

 

According to Feijoo et al. (1995), this finding was somewhat 

inappropriate because the sodium toxicity in the sludge depended on many 

factors such as the type of methanogenic substrate utilized, the 

antagonistic effect of the ions present in the sample, and the nature of the 

adaptive slurry. This result suggests that anaerobic digestion in saltwater 

environments is usually more sensitive than aerobic activated sludge 

systems (Ludzack & Naoran, 1965). 

 

Application of anaerobic treatment to saline wastewater  

The process of treating salty industrial wastewater by an anaerobic 

digestion method has rarely been studied, mainly with seafood processing 

effluent with salinity of 10 to 71 gL-1 (Lefebvre & Moletta, 2006). The 

surveyed saline range was narrower than for aerobic treatment. According 

to (Aspé et al., 1997), seafood processing wastewater containing  4-6 kg 

CODm-3, 1.85 kg SO4
2-m-3 and 16.2 kg Cl-m-3 could be given anaerobic 

treatment after recycling and pre-treatment grease and proteins removal. 

More recently, (Aspe´ et al., 2001) concluded that the methanogenesis 

phase was the most sensitive to being inhibited by salinity due to their 

results from the modelling of the anaerobic digestion process. They also 

tested other methods for seafood processing wastewater: an anaerobic 

filter, an up-flow anaerobic sludge blanket, and an anaerobic contact 

system, as shown in Table 2.14. In regard to other saline wastewater 

treatment utilizing anaerobic digestion, there was a study about piggery 

effluent diluted with synthetic water containing 15 gL-1 salt (Rovirosa et al., 

2004) and another experiment about the tannery soak liquor (Lefebvre & 

Moletta, 2006). These detailed results are shown in Table 2.14 below as 

well. 
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Table 2.14 Anaerobic treatment of high salinity wastewater (Lefebvre & Moletta, 2006) 

Substrate Halophilic 

inoculum 

Salt 

conc. 

(gL-1) 

Process V (l) COD in 

(gL-1) 

HRT 

(h) 

OLR 

(kgCOD 

m-3d-1) 

MLVSS 

(gL-1) 

F:M ratio 

(kgCOD/kg 

of MLVSS d) 

COD 

removal 

(%) 

Inuline effluent No 10 UASB 1,100,000 7.9 6-8 23-32 18-31 0.7-1.8 65-80 

Piggery manure No 15 DFAFBR 1.4 1.9 96 0.5 - - 90 

Fish-farm 

wastewater 

No 35 CSTR 15 70.1 660 2.5 25 0.10 55 

Fishery effluent Yes 40 CSTR 1.5 6 72 2 - - 50 

SFPW No 15 UAF 1.1 34 288 2.8 57.1 0.05 83 

SFPW No 7.7-

26.3 

UASB 1 1.7 3 13.6 27.2 0.50 77 

SFPW No 13.6-

33.7 

Anaerobic 

contact 

system 

150,000 10-60 180-

240 

1-8 - - 70-90 

SFPW Yes - Hybrid 

USBF 

2.3 1-1.5 18 1.5-2 7.4 0.2-0.3 70-90 

SFPW Yes 30 Anaerobic 

filter 

2.5 5.5 9.2 14.3 - - 70 

Tannery 

wastewater 

Yes 71 UASB 5 2.3 120 0.5 2.1-12.2 0.04-0.24 78 
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2.3.2.2 Aerobic treatment of saline effluents for removal of organic matter 

Effect of salt on aerobic treatment 

Some inorganic salt ions (Cl-, SO4
2-, PO4

3-, Mg2+, Ca2+) have a huge 

impact on microbial growth because they help maintaining membrane 

equilibrium, adjusting osmotic pressure, and promoting enzyme activity 

(Gatti et al., 2010). Nevertheless, if these salts' concentration exceeds 2% 

in mass, the nitrogen removal is negatively influenced (Hong et al., 2013). 

Similarly, (Ludzack & Naoran, 1965) also found that chloride content above 

5-8 gL-1 would cause inhibition of microorganisms of conventional aerobic 

wastewater treatment systems. The reason was that high salt content 

would increase osmotic pressure, isolate microbial cell plasma, reduce 

enzyme activity to destroy the microbial enzyme structure, and inhibit 

microbial growth process as a consequence (Hong et al., 2013). In addition, 

high salinity also causes activated sludge to be bulked and lost, severely 

affecting the biological treatment process (Wilson et al., 2013). However, 

microorganisms in freshwater may gradually adapt to high salinity 

environments. This acclimation process refers to microorganisms that 

cannot survive in saline environments developing into individuals that can 

grow in certain salt conditions. The success of this process depends on the 

type of microorganism, the microbial growth stage, and the rate of salt 

content increase (Lefebvre & Moletta, 2006). According to (Doudoroff, 

1940), Escherichia coli adapt best to NaCl in the early stationary growth 

phase. The ability to adapt is significantly reduced if the salt concentration 

rises rapidly rather than slowly. The result is to temporarily reduce BOD 

handling capacity, especially if the wastewater is a source of significant 

amounts of organic matters. The other adverse effect of the rapid increase 

in salt content is that the cellular materials will be released, causing an 

increase in soluble COD (Lefebvre & Moletta, 2006). Although the 

adaptability of activated sludge to salinity has been studied, the biological 

wastewater treatment system can work properly if the salt concentration is 

less than 5% (Dinc¸er & Kargi, 2001). Of note, the acclimation to salt will 
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be lost if the salt content is suddenly reduced in salt-adapted systems 

(Doudoroff, 1940). 

 

Application of aerobic treatment to saline wastewater  

High salinity can inhibit the growth of microorganisms; however, some 

aerobic biological wastewater treatment systems still function correctly for 

saline water and fresh water. As shown in Table 2.15 below, most 

experiments deal with synthetic wastewater systems which possess higher 

organic loading rate and in which the ratio F: M is higher than industrial 

wastewater. Some technologies such as sequencing batch reactor, 

membrane bioreactor, and fed-batch reactor handle aerobic treatment 

even at salinity ranging from 10 to 150 gL-1 (Lefebvre & Moletta, 2006). 

Kargi and Dincer's initial research on the effects of salt concentration 

on aerobic treatment systems used a fed-batch biological reactor (Kargi & 

Dincer, 1997). The content of NaCl in this study was up to 50 gL-1, and the 

ratio of substances in the sample to the content was COD: N: P of 100: 10: 

1. These authors concluded that COD removal efficiency dropped quickly 

from 85% to 59% as salinity concentration was raised from 0 to 5%. 

Therefore, they changed to using aerobic rotating discs with halophilic 

inoculum, raising the effectiveness of COD treatment to 80%, while the salt 

content remained less than 50 gL-1 (Dinc¸er & Kargi, 2001). Based on these 

findings, it can be concluded that the use of halophilic inoculum is the best 

way to achieve the desired treatment effect. Whether applied to synthetic 

sewage, seafood processing or tanning wastewater, COD removal 

efficiency always achieves 60% - 99% with salinity up to 150 gL-1. The most 

effective aerobic treatment system for organic hypersaline wastewater 

belongs to sequencing batch reactor, attaining 99.5% of COD removal for 

synthetic waste streams containing 120 mgL-1 phenol, 95% of COD 

removal for tannery wastewater, and 83% for tartaric industry effluent.  
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Table 2.15 Aerobic treatment of high salinity wastewater (Lefebvre & Moletta, 2006) 

Substrate Halophilic 

inoculum 

Salt 

conc. 

(gL-1) 

Process V (L) COD in 

(gL-1) 

HRT 

(h) 

OLR 

(kgCOD/ 

m3d) 

MLVSS 

(gL-1) 

F:M ratio 

(kgCOD/kg of 

MLVSS d) 

COD 

removal 

(%) 

Synthetic 

(molasses) 

No 20 Fed-batch 

reactor 

15 5 16 7.5 1.1 6.82 80 

Synthetic 

(molasses) 

No 50 Fed-batch 

reactor 

15 5 13 9.3 1 9.23 59 

Synthetic 

(molasses) 

Yes 50 Rotating 

biodiscs 

10 5 4 30 29 1.03 85 

Synthetic 

(molasses) 

Yes 100 Rotating 

biodiscs 

10 5 4 30 28 1.07 60 

Synthetic 

(phenol) 

Yes 150 SBBR 1 0.29 24 0.29 3 0.10 99 

Synthetic 

(phenol) 

Yes 150 SBR 1 0.25 24 0.25 1 0.25 99.5 

Synthetic 

(glucose. 

acetate) 

No 60 SBR 5 1.2 6 4.8 - - 32 

Synthetic (SFPW) Yes 32 Membrane 

bioreactor 

8 5 36 3.4 11.2 0.30 85 

Synthetic (SFPW) Yes 32 Membrane 

bioreactor 

3.6 1.2 13.7 2.1 11 0.19 91 
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Synthetic (SFPW) Yes 10 SBR 10 0.55 20 0.7 4.1 0.17 87.9 

Pickling 

wastewater 

Yes 30-60 Activated 

sludge 

Labo 4.6 35 3.2 4.9 0.64 96 

Pickling 

wastewater 

Yes 150 Activated 

sludge 

5,000 120 168 17 - - 60-70 

SFPW Yes 74 Fixed-bed 1.5 2.7 72 1 8 0.11 60 

SFPW Yes 20 Activated 

sludge 

5 2.7 72 0.9 2.8 0.32 88 

Tannery 

wastewater 

Yes 35 SBR 10 3 120 0.6 2 0.30 95 

Tannery 

wastewater 

Yes 40 SBR 10 3.6 79 1.1 7.2 0.15 91 

Tartaric industry 

effluent 

Yes 120 SBR 5 4.3 240 0.4 3.5 0.12 83 
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2.3.3 Combined anaerobic/anoxic/aerobic treatment of saline wastewater 

for COD and nutrient (N, P) removal 

2.3.3.1 Anaerobic-Anoxic-Aerobic (A2O) 

The anaerobic and aerobic digestion processes are moderately 

effective in treating the COD of hypersaline effluent. The combination of 

those technologies then has been considered in some studies. (Panswad 

& Anan, 1999a) applied the A2O method for synthetic wastewater 

containing 3% salt, 71% of COD was removed if the inoculum was 

acclimatized to high salinity. Studying high salinity tannery effluent, 

(Lefebvre & Moletta, 2006) combined UASB with activated sludge. This 

combination resulted in a 96% COD removal. This performance is 

explained as anaerobic digestion, which significantly degrades organic 

matter. Supporting the aerobic process afterwards is more favourable and 

effective (Belkin et al., 1993). In addition to carbonaceous substrates, 

nitrogen and phosphorus in saline wastewater are also significantly 

eliminated by anaerobic and aerobic processes (Lefebvre & Moletta, 2006). 

The compaction of A2O filter reaction with the recirculating flow for 

fishing wastewater treatment has been modelled (Moya et al., 2012). 

Denitrification, anaerobic, aerobic and nitrification processes, and changes 

in the mass transfer and pH, were examined through this model. Over 98% 

of the total carbon content was removed while the maximum nitrogen 

removal rate was calculated at 62% with an input organic concentration of 

554 mgL-1, salinity of 24 gL-1, a recycle rate of 2, and a retention time of 2 

days (Moya et al., 2012). This research direction was applied in salmon-

processing wastewater treatment, which discharged high nitrogen and high 

salinity effluent (Giustinianovich et al., 2014). This system's sort order was 

anoxic/anaerobic/aerobic with the recirculation ratios of the flows being 0, 

2, and 10. System input was salmon wastewater diluted at a concentration 

of 1kg COD and 0.15 kg TKN and a hydraulic retention time of two days 

was chosen. Positive results were achieved, showing 100% removal of 

nitrite and nitrate and more than 98% of TOC. Notably, while the recycle 
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ratios (RR) did not affect the TOC processing performance, the reactor's 

nitrogen content was significantly changeable. The results showed that 

94.3% of total nitrogen was eliminated when RR was 10 but dropped 

sharply to 46.6% when RR was 2. From this result, it can be suggested that 

the system was quite favourable in treating fish processing wastewater 

containing high salinity and organic matter (Giustinianovich et al., 2014). 

The combination of sequential anaerobic-aerobic digestion also works 

well for high salinity pharmaceutical wastewater (Shi et al., 2014). An up-

flow anaerobic sludge blanket (UASB) was applied in the anaerobic 

digestion process, treating 41.3% COD with an organic loading rate of 8.11 

± 0.31 g CODL-1d-1, and a retention time of 48 hours. At the TDS content 

of above 14.92 gL-1, the salinity was considered to affect the anaerobic 

process performance observed. This research improved anaerobically 

treated effluent quality by adding UASB to a membrane bioreactor (MBR) 

or a sequencing batch reactor (SBR). However, the combination of UASB 

and MBR showed better ability to remove organic matter and nitrification 

(94.7%) while the UASB + SBR system only achieved 91.8%. 

2.3.3.2 Moving bed biofilm reactors (MBBR) 

High levels of chloride in saline wastewater can inhibit the MBBR 

system's nitrification (Bassin et al., 2011). Bassin and colleagues 

compared the performance of this process on industrial wastewater 

containing 8000 mgCl.L-1 and on domestic sewage. In that study, the 

nitrification of industrial wastewater was inhibited by component residues, 

while for domestic wastewater, the efficiency of this process was higher, 

reaching more than 90% even at chloride concentrations of 8000 mgL-1. 

Similar experimental results obtained when conducted on the SBR system 

(Bassin et al., 2011). 

In contrast, Vendramel et al. (2011) found that the nitrification 

efficiency still reached 90% at a concentration of 0.05 to 6 gCl.L-1 

(Vendramel et al., 2011). However, when the chloride concentration 

increased to 12%, this performance dropped quickly, even if the tank only 
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reacted for 24 hours. Another study on treating phenol of saline wastewater 

has also been successful with MBBR technology (Nakhli et al., 2014). 

According to this study, up to 99% of phenol and COD were removed with 

an input phenol content of 800 mgL-1 and a salt concentration of up to 40 

gL-1. Containing fully acclimated bacterial strains made the MBBR system 

work extremely effectively for high salinity water. 

2.3.3.3 Sequencing batch reactor 

Sequencing batch reactor (SBR) technology is one of the most 

popular methods in treating wastewater rich in salinity and organic matters. 

Research on settling, nutrient removal, and aerobic bacteria community 

was conducted to determine the effect of salinity on activated sludge 

activity in SBR technology (Wang et al., 2015; Wu et al., 2008). After 68 

days of operating two reactors simultaneously, one without salt and one 

with salt added at concentrations of 10, 20, and 40g NaCl.L-1, it was found 

that specific glucose utilization rate, specific nitritation and nitration rates, 

and specific phosphorus release and uptake rates were inhibited in the 

saline reacting tank (Wu et al., 2008). The exceptions were nitritation and 

nitration rates, which were quite good at 10g NaCl/l, and the settling 

capacity (Bassin et al., 2012; Wu et al., 2008). Generally, the diversity of 

microorganisms decreased as the salt content  increased, and the structure 

of the microorganisms was severely affected by the amount of salt.  

Uygur and Kargi (2004) experimented on the SBR system with the 

arrangement of anaerobic, aerobic, anoxic sequences that were operated 

at different salt concentrations from 0-6% NaCl. This study investigated the 

infibiting effect of concentration of NaCl on the removal of nitrogen and 

phosphorus in the synthetic waste stream. It was observed that the removal 

efficiency of COD, N-NH4
+, and P-PO4

3- all dropped down from 96% (of 

COD and N-NH4
+), 84% (of P-PO4

3-) to 32%, 39%, and 22% respectively 

when salinity increased from 0 to 6% (Uygur & Kargı, 2004). Similarly, the 

ability to eliminate chemical oxygen demand (COD) and N-NH4
+ 

significantly decreased when the salinity concentration grew from 0.5% to 
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6% according to (Wang et al., 2015). At a concentration of salt of more than 

2%, the supplement of halobacterium strains enhanced the performance of 

biological degradation processes (Kargi & Uygur, 2005; Uygur, 2006). In 

details, the removal efficiencies of COD, N-NH4
+, and P-PO4

3- went up to 

73%, 51%, and 31% respectively, provided that the halobacterium was 

added to the wastewater sample. In contrast, these figures were 47%, 36%, 

and 21% in the same order if no acclimatized strains were supplied in the 

treatment system (Uygur & Kargı, 2004). 

In order to treat hypersaline industrial wastewater, usually containing 

more than 35 gL-1 of TDS, a combination of biological treatment processes 

is often recommended. Research on tannery wastewater from soak pit 

using SBR technology (Lefebvre et al., 2005) has found that in an aerobic 

SBR system with acclimatised strains achieved removal efficiencies for 

COD, PO4
3-, TKN, and SS of 95%, 93%, 96%, and 92% respectively, with 

a hydraulic retention time of 5 days, organic loading rate of 0.6 kg CODm-

3-d, and at a salinity of 34 gNaCl.L-1. It is worthy of note that hydraulic 

retention time has some specific effects on aerobic sludge activities such 

as reducing the ability to treat COD, ammonium, and diversity indices of 

microbial strains presented in the saline wastewater sludge (Wang et al., 

2014). 

The aerobic granular sequencing batch reactor also succeeded in 

treating high salinity wastewater containing phenol (Moussavi et al., 2010).  

Over 99% of phenol was removed when the input phenol concentration 

was up to 1000 mgL-1, provided that the total cycle time was 17 hours 

(aeration 15.5 hours, filling 1 hour and settling for 30 minutes, reducing and 

idle) and concentration of TDS was up to 8%. The most crucial thing 

conclusion of this study is that granular activated sludge containing a high 

concentration of acclimatized microorganisms in the SBR system can 

consume absolutely all the phenol chemical in salty effluents. 
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2.3.3.4 The global trend of treating organic hypersaline wastewater 

treatment 

To handle organic nutrient-rich industrial wastewater with high salinity, 

combining several techniques in a treatment system is inevitable. 

According to (Lefebvre & Moletta, 2006) (see Figure 2.8), the system 

should start with an equalization tank to regulate the wastewater 

characteristics of inorganic and organic content and stabilise the initial pH 

value. This step reduces the load shock for the biological treatment system 

that operates afterwards. The pre-treatment methods will then be selected, 

such as adjusting pH and appropriate nutrient ratio, coagulation-

flocculation, or reverse osmosis. The purpose of the coagulation-

flocculation process is to remove most of the insoluble suspended 

sediments and the purpose of reverse osmosis membranes is to mitigate 

the salt amount of wastewater. The ultrafiltration method is often applied in 

combination with reverse osmosis to increase filtration efficiency and 

reduce membrane clogging. Unfortunately, dissolved organic compounds 

such as salt cannot be filtered by UF membranes, so using this combination 

still causes RO membrane fouling. Hence, the  efficiency of the process is 

not satisfactory, so the RO should only be considered a post-processing 

treatment. 

After the pre-treatment, organic compounds will be removed at the 

biological treatment stage using a combination of anaerobic, aeration and 

aerobic methods. Here, salt-loving microorganisms will be adequate to 

consume nutrient-rich substances that exist in high salt conditions. These 

microorganisms should be cultured appropriately to function correctly and 

avoid the shock from organic matter loads and salt content. Finally, the salt 

is removed by post-physical-chemical treatments such as evaporation or 

reverse osmosis. 
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Figure 2.8 Common processes used to treat high salinity wastewater on a 

global scale (Lefebvre & Moletta, 2006) 

 

2.4 Bio-coagulants for wastewater treatment  

2.4.1 Categories 

Bio-coagulants have been scientifically selected for sustainable 

development in water and wastewater treatment, stemming from the idea 

of using green alternatives instead of chemical coagulants (Choy et al., 

2015). Because they are highly biodegradable, non-toxic and non-

corrosive, and come from renewable sources the treatment process tends 

to be environmentally friendly and safe for human health (Oladoja, 2015). 

Natural coagulants can range from seeds or leaves of many common 

plants species to extracts from aquatic products or natural mineral soils. 

Nevertheless, the plant-based coagulants are preferred over animal-based 

resources due to their availability (Choy et al., 2015).  
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Bio-coagulants are categorised into two groups based on the main 

compounds with coagulation activity, including proteins (protein-based 

natural coagulants) and polysaccharides (chitosan, starch and mucilage) 

(Ang & Mohammad, 2020). The coagulation capacity varies with the 

hydroxyl and amino functional group presented in solution. 

One of the most popular natural cationic coagulants from plants is 

Moringa oleifera seed extract (Das, 2019). This plant-based coagulant 

possessing efficiency comparable to alum is a low molecular mass peptide 

with an isoelectric point above 10 (Ghebremichael et al., 2005; Hussain & 

Haydar, 2020; Ndabigengesere et al., 1995). According to Hussain & 

haydar (2020), the dimeric cationic protein existing in plant seed is 

considered the active coagulating agent (Hussain & Haydar, 2020). Along 

with Moringa oleifera, more widely known plant-based coagulants, 

including Nirmali seeds, tannins and cactus have been covered in the 

review literature (Yin, 2010). A more comprehensive review focused on 

plant-based materials can be found in Table 2.16 and Figure 2.9 below 

(Das, 2019; Hussain & Haydar, 2020).  

Chitosan is a biological polymer derived from shrimp shells and other 

sea crustaceans, possessing superior physicochemical properties: 

biodegradability, biocompatibility, and non-toxicity, adsorption, and ability 

to form films and to chelate metal ions (Kaur & Dhillon, 2015; Zargar et al., 

2015). Chitosan has proved its excellent potential of removing pollutant in 

nutrient-rich effluent and wastewater with high turbidity or heavy metals 

(Kucera et al., 2020; Sudha et al., 2017; Tran et al., 2020). Furthermore, 

chitosan, performing both as coagulant and as flocculant, is a promising 

natural substance for the field of wastewater treatment (Oladoja, 2015). 

Another important plant polysaccharide which is also biodegradable, 

biocompatible and non-toxic is starch (Ang & Mohammad, 2020). Starches 

have a high carbon content, which is related to coagulation efficiency 

(Villabona-Ortíz et al., 2020). However, starch coagulation confronts the 

same problem as chitosan, namely low water solubility and a weak 
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negative surface charge. Starch coagulants extracted by the wet method 

remove turbidity better by the alkaline method and if the percentage of 

carbon is the same, they will produce the same efficiency (Tovar et al., 

2020; Villabona-Ortíz et al., 2020). 

 

Table 2.16 List of several common plant-based coagulants (Das, 2019) 

Scientific 

names 

Common 

names 

Family names Country of origin 

Coccinia indica Ivy gourd, 

scarlet gourd, 

small gourd, 

kowai fruit, 

scarlet-fruited 

gourd 

Cucurbitaceae Central Africa, 

India and Asia 

Hibiscus 

esculentus 

Okra, lady’s 

finger, gumbo, 

gobo 

Malvaceae Old World tropics 

(West Africa) 

Luffa cylindrica Smooth luffa, 

Egyptian luffa, 

vegetable 

sponge, sponge 

guard 

Cucurbitaceae Old World 

tropics; probably 

Asia 

Arachis 

hypogaea 

Peanut, 

groundnut, 

monkey nut, 

pinder, goober 

Fabaceae South America 

Cicer arietinum Dal seeds, 

chickpea, 

Bengal gram, 

garbanzo bean 

Fabaceae Mediterranean 

region 

Dolichos 

biflorus 

Horsegram, 

kulthi 

Fabaceae Old World tropics 

Glycine maxima Soybean, soya 

bean 

Fabaceae Eastern Asia 

Guar gum Guar bean, 

cluster bean, 

guaran 

Fabaceae India 
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Lablab 

purpureus 

Hyacinth bean, 

bonavist bean, 

chink, country 

bean, dolichos 

bean 

Fabaceae Old World tropics 

Phaseolus 

angularis 

Azuki bean, 

adsuki bean, 

red bean 

Fabaceae Unknown exact 

origin 

Phaseolus 

mungo 

Urad bean, 

black gram, 

black lentil, 

black matpe, 

urd bean 

Fabaceae India 

Pisum sativum Green pea, pea, 

field pea, 

garden pea, 

stringless snow 

pea 

Fabaceae Southwestern 

Asia 

Vigna 

unguiculate 

Cowpea, black-

eyed pea, 

southern pea, 

cow gram 

Fabaceae Southern Africa 

Phaseolus 

vulgaris 

Common bean Fabaceae Central or South 

America 

Cereus 

repandus 

Cadushi, giant 

club cactus, 

hedge cactus, 

peruvian apple 

cactus 

Cactaceae South America 

Stenocereus 

griseus 

Pitaya agria, 

sour pitaya 

Cactaceae America 

Opuntia ficus-

indica 

Prickly pears, 

tuna, nopal 

Cactaceae America 

Oryza sativa Rice Poaceae China 
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extraction conditions and their types. According to Daverey et al. (2019), 

an extraction solution of banana peels achieved higher yield than Indian 

bean seeds after 45 minutes of the extraction process, demonstrated by 

26.5 mgL-1 and 9.2 mgL-1 of total carbohydrate and 38.5 mgL-1 and 29 mgL-

1 of protein content, respectively (Daverey et al., 2019). Characteristics of 

Moringa Oleifera differed in its composition under different extraction 

conditions (Camacho et al., 2017). Camacho et al. (2017) revealed that the 

highest protein and carbohydrate yield was associated with the ethanol 

extraction approach, while the greatest proportion of fat was in the integral 

powder without extraction. The oil component needs to be eliminated from 

Moringa Oleifera to produce an effective coagulant as oil reduces the 

turbidity and heavy metal removal performance (Shan et al., 2017; 

Sulaiman et al., 2017). The degreasing process will not affect the sample's 

protein content (Camacho et al.,2017). 

Functional groups of biological coagulants include those using 

carboxylic acid (C=O), hydroxyl (-OH) and aliphatic amines (N–H) present 

in the natural coagulant structure responsible for their coagulation and 

flocculation capacity. The presence of hydroxyl groups of glucose units in 

polysaccharides made the polymeric coagulants highly hydrophilic (Das, 

2019). The hydroxyl, amino, acetamido group's high chemical reactivity 

and the flexible polymer chain structure enhanced the sorption 

performance (Crini, 2005). However, this property of starch-based 

substances was less effective due to the hydrophobic properties (Das, 

2019). Fourier Transform Infrared Spectroscopic analysis (FTIR) has been 

used to confirm the presence of adsorption sites through these groups. The 

broad peak from 3600 cm-1 to 2800 cm-1 indicated that there was a free 

hydroxy group present in polymeric compounds derived from alcohols, 

phenols, and carboxylic acids in carbohydrates, fatty acids, proteins, lignin, 

cellulose, and pectin (Araújo et al., 2010; Deshmukh et al., 2017; Meneghel 

et al., 2013). A strong peak showing O-H stretching at the band 3420 cm-1 

(Figure 2.10a), and 3400 cm-1 (Figure 2.10b) suggested the existence of a 
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free hydroxyl group. The amino acid constituent of protein in natural 

coagulants is usually expressed by stretching the amide groups' N-H bond 

(Meneghel et al., 2013). In the alkane group, the C-H bond's stretching 

vibration often peaks at 2923 cm-1 and corresponds to the asymmetric and 

2850 cm-1 for symmetric of the link between C-H in the CH2 group (Araújo 

et al., 2010).  According to Figure a, Moringa oleifera contained as many 

lipids from the seed as proteins because these bands are very intense. The 

peak at 1658 cm-1 was attributed to the C-O connection stretching of 

amides of the protein component while the peak clarified carboxylic groups 

at 1421 cm-1 (Araújo et al., 2010; Meneghel et al., 2013). The peaks 

appearing in the range of 1600 cm-1 to 950 cm-1 were considered to show 

the presence of polymers such as polysaccharides, esters, and proteins 

(Daverey et al., 2019; de Alvarenga Pinto Cotrim et al., 2016). The 

spectrum of the key functional groups of banana peels and Indian bean 

seeds in Figure 2.10b shows that they possessed similar chemical 

properties, for both carbohydrates and proteins, in the extract (Daverey et 

al., 2019). 

Another plant-based coagulant, pearl millet, also showed a structure 

comprising O-H stretching (3270 cm-1), CH2 group (2923 cm-1), and NH 

stretching vibrations (1645 cm-1 for primary amides and 1542 cm-1 for 

secondary amides) as shown in Figure 2.10c. The existence of carboxyl 

group -COOH is expressed via a weak peak at 1412 cm-1 (bending 

vibrations of CH3) (Hussain & Haydar, 2019). In Figure 2.10d, due to the 

peaks at 3271, 2924, 1635, and 1541 cm–1, black-eyed pea are considered 

to possess similar groups to pearl millet.  

Chitosan, a cationic polysaccharide with the formula 2-acetamido-2-

deoxy-β-D-glucose, possesses two functional groups: hydroxyls and 

amines in the chemical structure (Sahoo et al., 2012). Its formula is shown 

clearly in Figure 2.10e. The peak at 3447 cm–1 represents the stretching 

vibration of -NH2 and -OH group, followed by peaks at 1657 cm–1 and 1598 
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cm–1 attributed to the CONH2 and NH2 group, respectively (Lustriane et al., 

2018).  

The FTIR spectra of Okra mucilage in Figure 2.10f peaked at 3280, 

2933, 1621, 1402, 1248, 1036 cm-1 showing the same structure as other 

natural coagulants studied above. The band area from 1400 to 1000 cm–1 

is considered to be polysaccharides, emphasised by the peak at 1248 cm–

1 for the C-O stretching and 1036 cm–1 for C-O-C  bondage in complex 

polysaccharides (de Alvarenga Pinto Cotrim et al., 2016). 
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non-toxic, non-corrosive, and diverse (derived from plants, 

microorganisms, or animals) (Das, 2019; Padhiyar et al., 2020). Also, the 

low cost and abundance of bio-coagulants, the unchanged pH of treated 

water are significant benefits that natural coagulants show as a 

replacement for traditional chemical substances. 

2.4.4.1 Efficiency 

 Several factors such as pH, temperature, polymer molecular weight 

and charge density, mixing conditions, coagulant type and dosage, and 

ionic strength impact the efficiency of coagulation with bio-coagulants.  

The role of pH in the coagulation process is dominant as shown by 

the need for neutralisation and flocs agglomeration (Tetteh & Rathilal, 

2019). pH changes leading to the zeta potential vary, affecting the 

coagulation performance, especially the removal of hydrophobic dissolved 

organic matter (Saxena et al., 2018). When pH gets closer to the isoelectric 

point, the colloidal solution's stability decreases, allowing the suspended 

particles to aggregate into large settlable flocs (Duan & Gregory, 2003). In 

addition, pH is responsible for the type of hydrolysis of coagulants, 

determining the mechanism that will be effective. According to (Liu et al., 

2009), the aluminium in PACl transforms itself into different compounds at 

different pH, causing the coagulation process to be interpreted as a 

neutralising mechanism at acidic pH and sweep coagulation at alkaline pH. 

Therefore, the pH parameter is a key factor in the coagulation process 

because whenever its value changes, the surface charges of the coagulant 

and suspended matters change (Villabona-Ortíz et al., 2020). 

Temperature directly affects the  physical properties and coagulation 

ability of polymers, thus acting as a driving force for the chemical reactions 

(Tetteh & Rathilal, 2019). The chemical reaction speed accelerates when 

the temperature increases, while low temperature weakens the hydrolysis 

reaction (Scholz & Scholz, 2016). 

The increasing of polymer molecular weight and charge density 

increases the agglomeration efficiency as they impact the interparticle 
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bridging and electrostatic force mechanism (Tetteh & Rathilal, 2019). The 

polymer chain is boosted even though there is an obstacle of interparticle 

bridging between anion charge on the polymer and desirable positions on 

the dispersed colloidal particles (Lee et al., 2014). 

The speed of mixing also dramatically affects the formation and 

breakdown of flocs. Typically, rapid agitation is first performed to blend the 

coagulant into the solution. After that, the stirring speed must be reduced 

to create favourable conditions for flocs' size to be grown (Tetteh & Rathilal, 

2019). 

The type and dose of coagulants must be selected to ensure the 

effective performance of reaction, hydrodynamics and operating conditions 

of the treatment system (Tetteh & Rathilal, 2019). Usually, coagulation 

reaction is dominated by a charge neutralisation mechanism at a low 

coagulant concentration. However, extra doses added can cause 

restabilisation, leading to sweep coagulation and reducing the process's 

efficiency (Saxena et al., 2018). 

Chitra & Muruganandam  found that fly ash from cane bagasse and 

banana peels can be an excellent replacement for alum salt for dealing with 

turbidity and COD removal (Chitra & Muruganandam, 2020). At a dosage 

of 800 – 1000 mg both of these coagulants significantly eliminated over 

90% of synthetic greywater turbidity . Moringa and tamarind seeds are also 

mentioned by Chitra & Muruganandam, but with lower performances of 

85.28% and 61.33% of turbidity removal. 

 

Table 2.17 Coagulation efficiency differences based on some crucial 

factors 

Factors Bio-coagulants Conventional coagulants 

pH range Run effectively in neutral pH 

ranging from 6 – 8.5 

(Shamsnejati et al., 2015). 

Especially, Moringa Oleifera 

Different coagulants are 

suitable for different pH 

ranges.  Optimum pH of 

Al2(SO4)3 was 6.5 – 7.5 
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worked effectively in pH 

ranges from 4 to 9, removed 

over 99% of SS and about 

52.5% of COD (Jagaba et al., 

2020) 

Optimum pH of FeCl3 was 4.0 

– 11.0  

Optimum pH of Fe2(SO4)3 

was 4.0 – 6.0 and 8.8 – 9.2 

(Nath et al., 2020; Saxena et 

al., 2018) 

Temperature Usually studied at ambient 

temperatures (Oladoja, 

2015). Cationic starch/ 

chitosan cross-linked 

copolymer showed better 

coagulation performance at a 

lower temperature (Oladoja, 

2015). 

Basil seed gum exhibited its 

heat-resistant nature up to 

60oC (Hosseini-Parvar et al., 

2010) 

Chemical coagulant was less 

efficient at low temperatures 

(Padhiyar et al., 2020). 

Pre-hydrolysed coagulants 

such as PACls, PFS were 

preferred at low winter 

temperatures (Saxena et al., 

2018) 

Dosage of 

coagulants 

Moringa oleifera presented 

excellent pollutant removal 

capacity, equivalent to alum 

but at a higher dose (Pandey 

et al., 2020). 

Small doses were required 

(Nath et al., 2020). 

COD 

removal 

Cicer aretinum removed over 

90% COD while Moringa 

oleifera and cactus achieved 

up to 80% (Nath et al., 2020) 

Al2(SO4)3, FeCl3, and PAC 

eliminated 80% - 90% of COD 

(Lee et al., 2014). 

Turbidity 

removal 

Using Cactus, Cicer aretinum, 

Moringa oleifea, and 

Strychnospotatorum, 78 to 

82% turbidity was eliminated 

Traditional coagulants 

produced a very high turbidity 

removal effect, up to over 

90% (Lee et al., 2014). 
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(Kumar et al., 2017; Nath et 

al., 2020), 44% was eliminted 

with avocado seed, and 64% 

with coffee mucilage (Barreto 

Pardo et al., 2020). 94.6% of 

turbidity was eliminated by 

starch 250 mgL-1 (Tovar et al., 

2020). 

Al2(SO4)3 was less effective in 

turbidity reduction than 

plantain starch obtained by 

the wet route, using 150mgL-1 

of coagulant (Tovar et al., 

2020) 

Suspended 

solids 

removal 

Up to 94% of suspended 

solids are reduced when 

using Moringa extract in 

coconut desiccant 

wastewater (Maran & Harun, 

2020) 

Over 90% of total suspended 

solids are removed by 

chemical coagulants (Lee et 

al., 2014) 

Colour 

removal 

Chitosan eliminated up to 

90% of the colour (Tovar et 

al., 2020) while coffee 

mucilage removed only 

52.2% (Barreto Pardo et al., 

2020). Ocimum basilicum L. 

with a dose of 1.6 mg.L-1 

removed 68.5% colour in 

textile wastewater 

(Shamsnejati et al., 2015) 

Alum and ferric salt and PAC 

can reduce over 62% of 

colour (Lee et al., 2014) 

 

Turbid 

wastewater 

Low performance in the 

coagulation of low turbidity 

waters and organic matter 

increase in the treated water 

(Baptista et al., 2017) of 

Moringa oleifera Lam. Plant-

based coagulants work well in 

Alum achieved high 

performance in treating highly 

turbid wastewater at 250 NTU 

(Malik, 2018). This inorganic 

coagulant at 68 mgL-1 was 

able to remove over 95% 
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wastewater with turbidity of 

50 to 500 NTU (Nath et al., 

2020; Yin, 2010). Up to 98% 

turbidity was removed by 

Strychnos potatorum seed in 

effluent at 300 NTU 

(Patchaiyappan et al., 2020). 

Both raw and defatted 

soybean (Glycine max L.) 

showed removed over 95% of 

turbidity at an initial 

concentration of 200 NTU 

(Hussain & Haydar, 2020) 

turbidity at pH 9.2 (Hussain & 

Haydar, 2020) 

 

The ability to treat turbidity is highly dependent on the type of natural 

coagulant, its concentration, the initial turbidity and the pH value of the 

wastewater. According to Patchaiyappant et al. (2020), Strychonos 

potatorum is very good at handling turbidity compared to other agents such 

as Moringa oelifera, Phaseolus vulgaris, Prosopis juliflora, Opuntia 

ficusindicus, Aesculus hippocastanum, Quercus robur (as shown in Table 

2.18 below) although at much lower concentrations (Patchaiyappan et al., 

2020). Moringa oelifera and Opuntia ficusindicus also removed over 90% 

of turbidity, but they required a much higher dosage, namely 50 times and 

15 times higher than Strychnos potatorum. 

 

Table 2.18 Various bio-coagulants tested for turbidity removal 

(Patchaiyappan et al., 2020) 

Coagulant Optimum 

dosage (mgL-1) 

Optimum 

pH 

Turbidity 

removal (%) 

Moringa oelifera 

Phaseolus vulgaris 

50 

50 

9 

9 

94 

45 
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Prosopis juliflora 

Opuntia ficusindicus 

Aesculus hippocastanum 

Quercus robur 

Strychnos potatorum 

10 – 20 

5 – 15 

1 

1 

1 

8.5 

10 

10 

10 

7.5 

83 

98 

80 

70 

97 

 

2.4.4.2 Mechanism 

Unlike chemical coagulants that exist in both metal salts and 

polymers, bio-coagulants are considered to be polymeric compounds. 

Polymeric coagulants with large molecular weight and high charge density 

are ideal for adsorption by supporting charge neutralisation, and for 

bridging dispersed matter in solution by supporting double-layer 

compression (Das, 2019). By contrast, chemical coagulants such as 

aluminium, ferric agents follow sweep coagulation, charge neutralisation, 

and double-layer compression rather than adsorption and bridging 

operation. The two most dominant mechanisms of polymeric agents are 

adsorption and bridging. Nevertheless, in case of highly charged polymer 

skeletons, double-layer compression or charge neutralisation operation is 

postulated. Hence, there are several mechanisms based on different kinds 

of diverse compositions and skeletal frameworks. 

Conventional coagulants show high charge density (Davis, 2010), so 

they have high coagulation capacity because they are more effective in 

charging the dispersed particles (Nath et al., 2020). In this case, this is an 

electrostatic patch mechanism as polyelectrolytes of more cationic charge 

density adsorb to the individual particulates of lower anionic charge density 

(Bolto & Gregory, 2007). 

According to Renault et al. ( 2009), metal salts derived from aluminium 

and iron that are mainly used in wastewater treatment can be firmly 

adsorbed to the negative colloidal particles, making very effective 

destabilisation (Renault et al., 2009). The coagulation at low dosages of 
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these simple salts is followed by a charge neutralisation mechanism while 

sweep coagulation appears at higher coagulant dosages. 

Chitosan, a positively charged polysaccharide, is proposed as a 

promising agent for wastewater treatment thanks to its antimicrobial, 

antifungal, and coagulative activity. The amine groups of chitosan react 

with functional groups of pollutants to destabilize and coagulate negatively 

charged colloids and subsequently flocculate (Das, 2019). Another group 

of plant-based coagulants, Alginates, is one of the components in marine 

brown algae and capsular polysaccharides in soil bacteria. The strong 

connection to metal cations, especially calcium ion, forms calcium alginate 

gel, supporting the coagulation process in treatment of wastewater with 

high calcium content. This bio-coagulant is supposed to postulated to work 

through charge neutralisation, particle bridging or sweep coagulation. 

Fruit seeds from Trigonella foenum-graecum, Cyamopsis 

tetragonoba, Ceratonia siliqua, Solanum Lycopersicum, Coffea arabica, 

Convolvulaceae, Asteraceae and Arecaceae produce seed gums 

containing polymeric compounds such as galactomannans and uronic 

acids (Das, 2019). Due to these two active polymeric ingredients, seed 

gums' coagulation mechanism was attributed to the bridging and 

adsorption mechanism. 

Because the zeta potential of Musa paradisica peels was always 

negative from pH 4 to 11, and Dolichos lablab seeds were very low (+2.39 

mV at pH 3 down to -33.7 mV at pH 7), their coagulation mechanisms are 

less likely to follow the charge neutralisation (Daverey et al., 2019). 

Therefore, these bio-coagulants should be feasible for the adsorption and 

bridging mechanism. 

One group of natural anionic polyelectrolytes in the coagulation 

process is Tannins. Its structure composes many phenolic groups, being a 

good hydrogen donor, causing Tannins' anionic nature (Das, 2019). It can 

act as a coagulant or a flocculant in water treatment. Other bio-coagulants 

derived from bacteria such as Alcaligenes cupidus KT-201, A. latus B-16, 
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Bacillus sp. DP-152, Bacillus Firmus, Arthrobacter sp. Raats, Enterobacter 

cloacae WD7, Streptomyces sp. Gansen and Cellulomonas sp. Okoh, 

Bacillus sp. Gilbert and Pseudoalteromonas sp. SM9913 have an acidic 

surface charge.  

Regarding Moringa Oleifera and other fruit seeds, the active 

coagulating agents are cationic proteins (Das, 2019). There are three 

suggested mechanisms for aqueous extract of the seed of Moringa oleifera 

(Hussain & Haydar, 2020). All three mechanisms - adsorption, charge 

neutralisation and polymer bridges between particles - are recognised 

according to Kucera et al. (2020). Other points of view are argued about 

Moringa Oleifera coagulation mechanism. While adsorption and charge 

neutralisation mechanism is attributed to Moringa oleifera, according to 

Santos et al. (2009) and Baptista et al. (2017), polymer interparticle 

bridging was confirmed in the paper of Okuda et al. (2001) (Baptista et al., 

2017; Okuda et al., 2001; Santos et al., 2009). In general, all of these three 

mechanisms were effective in eliminating turbidity (Kucera et al., 2020). 

Two main ingredients in starch, amylose and amylopectin, are 

anhydroglucose units, which are described as a coagulant or coagulant aid 

(Das, 2019; Wei et al., 2008).  In treating wastewater, the coagulation of 

starch can be explained based on the sweep coagulation mechanism. The 

amylopectin present in starch composition would trap dispersed particles 

in its structure (Tovar et al., 2020). However, Oladoja (2015) proposed that 

starch just adsorbed suspended particles due to its poor cationic charge 

density (Oladoja, 2015). 

2.4.4.3 Cost-effectiveness 

Bio-coagulants appear to offer less financial benefit than conventional 

ones, especially when treating high turbidity wastewater (over 500 NTU) 

(Nath et al., 2020). Figure 2.19 compares aluminium coagulant and two 

other natural ones by to the market price, the dosage required, and the 

operation cost. It is obvious that the cost of water treatment with M. 

paradisica peels was lower than the commercial agent because its market 
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price was lower than alum, as it was a waste product. Further, the dosage 

of alum was around 16 times higher than the plant-based coagulant. 

Consequently, the less sludge discharged, the lower the operating and 

sludge treatment costs. In general, the cost of wastewater treatment by 

natural and chemical substances varies considerably depending on many 

factors, including quality of the influent, and the discharge requirements. 

 

Table 2.19 Price differences between alum coagulant with natural 

coagulants (Daverey et al., 2019) 

Coagulant Market price of 

coagulant 

(USD/kg) 

Required 

dosage 

(kg/million L 

water) 

Cost of 

coagulant 

(USD/million L 

water) 

Commercial 

coagulant 

(alum)1 

D. lablab seeds 

M. paradisica 

peels 

1.52 to 3.453 

 

 

2.84 

- 

1004 

 

 

6 

6 

150-345 

 

 

284 

- 

1Aluminum sulphate; 2Kemcore, China; 3Mindy Materials, USA; 4 Parmar et al. (2011) 

 

2.4.4.4 Toxicity 

Although chemical coagulants have gained popularity in eliminating 

environmental wastes, they are somewhat limited in applicability because 

they are not biodegradable and they produce intermediate products toxic 

to human health as their monomers are neurotoxic and carcinogenic (Das, 

2019; Nath et al., 2020; Xia et al., 2018). In contrast, no bio-coagulant 

presents these toxic features nor any secondary pollution formed from 

harmful disinfection by-products (Patchaiyappan et al., 2020; Xia et al., 

2018). 
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Biodegradable sludge was generated at the lesser quantity, ready for 

disposal, potentially cutting down expenses associated with sludge 

treatment process (Lee et al., 2014). Plant-based coagulants such as 

Moringa oleifera seed have some advantages because they have less 

impact on water pH, conductivity and alkalinity and form a smaller volume 

of sludge (Nonfodji et al., 2020). This biodegradable sludge is potentially 

usable as bio-fertilisers or animal feed. 

Thus bio-coagulants offer a sustainable alternative, which is 

environmentally friendly and of an equivalent quality (Pandey et al., 2020; 

Patchaiyappan et al., 2020). 

 

2.5 Treatment processes using chitosan as a coagulant or 

flocculant 

Many scientists have also been investigating chitosan's potential to 

act as a coagulant or flocculant in samples similar to chitin wastewater, . 

For seafood processing wastewater, No and Meyers (1989) studied the 

effect of organic matter removal of shrimp processing wastewater using 

chitosan from shrimps and crabs and polymeric polymers. The results 

showed that chitosan produced by the shrimp head was best effective and 

could be used with many types of rich organic seafood processing 

wastewater. At pH 6 and chitosan concentrations of 150 mgL-1, suspended 

solids and turbidity decreased by 97% and 83%, respectively, but COD was 

reduced by only 45%. The recovered solids were 5.97 gL-1 with crude 

protein 27.1%, fat 51.7%, and ash 3.3%. Unsaturated free amino acid 

components such as arginine, alanine, glutamic acid, serine, and glycine 

were abundant in this sample. In particular, large amounts of inorganic 

substances such as Fe and Al were not present in solids after treatment 

with chitosan, suggesting the advantage of using chitosan treated residue 

as a feed additive.  

Chitosan, a cationic polymer, is very useful in recovering protein 

content in organic matter-rich wastewater samples, acting as a mechanical 
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trap because its amino groups can react with the anionic groups of proteins. 

Moreover, if chitosan is applied as a coagulant or flocculant, some metal 

ions such as iron and aluminium produced from common inorganic agents 

will be removed from the sample, releasing fewer toxins to the environment. 

Xu et al. investigated soluble protein recovery from the washing water 

from production of surimi. At pH 8.0, 350C and 1.5 mL chitosan 1% for 40 

mL of saline wash water, 73.17% of protein was recovered resulted and 

COD was reduced  by 47.2% (Xu et al., 2011). Moreover, the recovery 

potential was increased when chitosan was coupled with alginate, leading 

to recovery of 83% of protein and a removal of 97% of turbidity (Wibowo et 

al., 2007). Hence, chitosan is also used effectively with samples containing 

high levels of soluble protein. 

In addition, a study of treatment of high-turbidity water treatment using 

both chitosan and aluminium salts to evaluate the effect of those agents 

based on turbidity, sludge volume, and aluminium residue remaining in 

treated water (Hu et al., 2013) found that turbidity after treatment was less 

than 50 NTU, but the sludge volume was greater than 150 mL.L-1 with a 

dose of 135 mgAl.L-1. In this study, the disadvantage when using chitosan 

was the high turbidity content of the treated water, which was inconvenient 

for sand filtration and created unstable colloidal particles if excess chitosan 

was added. It would be easy if 13.5 mgAl.L-1 was added, making turbidity 

less than 10 NTU. Adding a significant amount of chitosan would 

significantly reduce the amount of aluminium  in the water after treatment. 

Similarly, a combination of PAC and chitosan to treat drinking water 

has also been studied (Mohammadi et al., 2014). Good results in reducing 

total coagulant required as well as increasing the efficiency of turbidity 

treatment were found. Moreover, studies on using chitosan with quick 

agitation and ultrasonography have also found that chitosan works as a 

suitable flocculant combined with aluminium or PAC in drinking water 

treatment (Fast et al., 2014). 
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Chitosan has also been investigated as a coabulatn during pre-

treatment for saline water such as seawater (Altaher, 2012). The study 

applied chitosan as a natural coagulant replacing inorganic substances to 

remove seawater’s turbidity. Treatment efficiency with chitosan (97.5%) 

was better than conventional aluminium and iron. While many studies have 

shown that chitosan is effective in acidic or neutral environments, that study 

obtained optimal results in alkaline solutions. Through this experiment, it 

can be confirmed that the coagulation capacity of chitosan is not affected 

by high saline water. 

Chitosan is also used as a coagulant or flocculant agent for protein-

rich wastewater, such as brewery effluent (Cheng et al., 2005), tofu making 

wastewater (Jun et al., 1994), and sewage from silk production (Lin et al., 

2012). 

2.6 Treatment processes for chitin production wastewater 

Recent research on treating chitin-producing wastewater has 

investigated the possiblity of the recovery of macronutrients in separated 

or mixed effluent and its use in the immediate treatment of wastewater. 

Following the recovery approach, (Chen et al., 2008) conducted a 

study on the recovery of protein from chitin-producing wastewater. These 

authors used chitosan (CTS) and CTS derivatives such as Chitosan-N-2-

Hydroxypropyl trimethyl ammonium chloride (CHTAC) and Carboxymethyl 

Chitosan (CMCTS) combined with FeCl3 as recovery agents. Their results 

indicated that optimal conditions for protein recovery were 6.2 ml of 1% 

CTS solution in 1% CH3COOH solution for 50 ml of wastewater, 2 ml of 1% 

FeCl3 for 50 ml of wastewater with 4 hours flocculation time. Sludge 

residues were rich in amino acids, especially isoleucine, methionine, and 

lysine, which are not commonly found in other protein sources. The 

recovery of this valuable protein contributed to increased economic 

efficiency for chitin and chitosan producers and minimized pollution from 

chitosan production technology.  



103 

 

A focused approach to physical treatment, Dotto et al. (2013) studied 

the chitin product of the production process compared to aluminium 

sulphate for chitin wastewater treatment (Dotto et al., 2013). The 

experiment was designed with two factors and three objective functions, 

with coagulant concentrations of 150 and 300 mgL-1 at pH 6.0 and pH 8.5. 

The three functions were the total solids residue, the suspended solid 

residue, and the turbidity after the experiment. The results revealed that 

aluminium sulphate treats this wastewater better than chitin. At Al2(SO4)3 

concentration of 300 mgL-1 and a pH of 6.0 or 8.5, the efficiency was 

highest. Total solids yield achieved 20% with 89% of suspended solids 

removal and 85% of turbidity. Compared with the cost of water treatment 

of oxidation, reverse osmosis, ion exchange, electrolysis, and electrolysis, 

which costs from $10 to $450 per cubic meter of treated water, aluminium 

was still more economical. 

Further, the cost of wastewater treatment using the adsorption method 

was also from $5 to $200 per 1m3 of water, while 1 kg of Al2(SO4)3 was only 

$4 - $30 and the survey's optimum condition was that only 300 mgL-1 

should be used to treat 1m3 of chitin wastewater. The cost of using alum 

was then $1.2 - $9 (this was a rough price because energy costs and other 

costs were not included).  

Similarly, according to Jing (2008), who used methods of agglutinating 

and filtering through microfilm MF or using only UF and aerobic with chitin 

wastewater, got excellent results (Jing, 2008). The average COD reduction 

was 82% with an average concentration of 263 mgL-1. The amount of water 

required for the process was reduced by 40%, and the volume of waste 

streams decreased significantly. These results suggest significant financial 

and environmental benefits. 

One of the most popular directions in recent research is to treat acid 

and alkaline flows of chitin - chitosan producing wastewater. In a study by 

Zhao & Xia (2009), they recovered NaOH by ultrafiltration combined with 

nanofiltration for alkaline sources (Zhao & Xia, 2009). This study used a 
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UF stainless steel membrane (SSM) with a membrane area of 0.35 m2 and 

an NF HDS-04 membrane of 1.4 m2. Flux was determined by filtration time, 

VCR, operating pressure, temperature and purity of the film. When the VCR 

increased, the permeability flux decreased while most of the NaOH solution 

passed through the membrane. Operating the SSM and NR membranes 

ended when the NaOH solution was dried for reuse, and the concentrated 

protein was neutralised with the discharged acid. The NaOH recovery level 

of the infiltration current did not depend on the VCR. At a 50% SSM and 

NF ratio, the membrane efficiency was relatively good, with high protein 

and COD removal. With the VCR 50, the total protein removal was 82.5%, 

the reduction of COD and SS suspended solids were 94% and 100%, 

respectively, while the total NaOH recovery was 96% with the average 

throughput of SSM 270 LMH and NF of 25 LMH. The SSM membrane's 

filtration capacity was essential for pre-treating the alkaline waste stream 

before it was passed to the NF system.  

 

 

 

 

 

 

 

 

 

 

A chitin wastewater study was also carried out (Yang et al., 2004) on 

a strongly acidic basis (pH of 0.6 - 1.0) with contacted electrode oxidation. 

As a result, the microelectronic Fe-C was able to eliminate about 30% of 

COD, increasing the pH from 0.7 to 5.5. The efficiency of reducing COD by 

biochemical processes can be more than 80%. 
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Figure 2.13 The technology proposed (Yang et al., 2004) 
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This combined process technology includes micro-electrolysis, 

neutralization, settling 1, A/O, settling 2, sand filtration, and adsorption by 

activated carbon, as shown in Figure 2.13. With an average pH of 1.0 in 

the input wastewater, COD before treatment was about 1,500 mgL-1, and 

Cl- 5,280 mgL-1, the effluent met the standard 1 of GB8978-96 (Chinese 

discharge standard) with pH 6-9, COD <100 mgL-1, BOD5 <30 mgL-1, SS 

<70 mgL-1. In half a year of operating the system, the processing efficiency 

was stable, and the parameters met the standards, which demonstrated 

that chitin wastewater could be used with microelectronics, filter and 

adsorption. The key to stabilizing this technology was to optimize the 

microelectronic processing time (6 hours) and control the tanks' pH value 

at 8-9. 

Some Vietnamese scientists have also researched chitin production 

wastewater with the aim of recapturing the abundant proteins or directly 

processing. 

Pham (2011) studied wastewater from chitin-chitosan improved 

technology using a biological method accompanied by protein recovery 

(Pham, 2011). After recovery of the protein, the wastewater was adjusted 

to the appropriate pH for the biological treatment of the following models: 

UASB, Aerotank, MBBR aerobic MBBR and reed. The over 58.5% of the 

shrimp-pressed protein content was recovered by boiling at 80OC for 20 

minutes, and combining with chitosan at 100 ppm or CaCl2 at 50 ppm. The 

enzyme solution's protein was recovered by electrochemical transfer to pH 

4.5, combined with chitosan at a concentration of 50 ppm or CaCl2 at 8 

ppm, and the recovery rate was about 78%. The protein of the NaOH 

treated solution was recovered at a pH of 8.5, then combined with chitosan 

at a concentration of 50 ppm or CaCl2 at 4 ppm; the recovery rate was over 

80%. The biofilm film on the anaerobic substrate took 70 days. The 

anaerobic concentration of the anaerobes was 1,200 mgL-1. An aerobic 

biofilm membrane formed for nearly 60 days with TS was stable at 3100 

mgL-1. In the anaerobic MBBR model, MBBR was treated for a minimum of 
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22 hours. The model's COD removal efficiency was 50%, corresponding to 

the output of 76 mgL-1, BOD5 was over 55% corresponding to the output of 

30 mgL-1, TN was 60%. The output was 14 mgL-1 fully compliant with QCVN 

11:2008/BTNMT and QCVN 24:2009/BTNMT (Vietnamese Standard).  

Nguyen Van Thiet and his colleagues also studied the recovery of 

protein from shrimp heads in chitin production by electrochemical methods 

(Nguyen et al., 2013). Their work studied the dynamics of protein extraction 

(dissolving) process when extracting chitin from shrimp shell by the 

electrochemical method. Experimental results showed that most of the 

protein in the shrimp shell was extracted in the catalytic cavity during the 

first electrolysis; the protein content in the catalyst cavity increased 

continuously during the electrolysis process, and was less dependent on 

the NaCl concentration, and the linear rate was more dependent on the 

amount of shell material used for electrolysis. In addition, the protein 

content in the cathode cavity increased by about 1.5 times when boiling the 

catholyte solution with the shrimp shells at 85 ± 5°C for 30 minutes after 

each electrolysis. This relatively simple electrochemical recovery 

procedure was used to extract and obtain the protein in chitin production 

from shrimp shells. More studies are needed to compare the effect of 

nitrogen recovery with chitosan and this method. 

There is research on the environmental impact of the improved chitin 

production process combined with enzymatic treatment (Trang, 2009). 

Chitosan was tested for ability to recover protein from surimi washing water 

in this study. The improvement process had many advantages such as the 

recovery of dry matter in scrap by about 20%, higher quality of the chitin - 

chitosan obtained, and higher viscosity compared to traditional chemical 

methods. The protein mixture and high-quality astaxanthin were used in 

animal food processing. The refining process's wastewater had a low 

(<10%) suspended solid content, BOD was reduced by 50%, and COD by 

30% compared to wastewater treated with non-recoverable chemical 

methods.  
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Chapter 3: Materials and Methods 

 

3.1 Materials 

3.1.1 Sources of wastewater 

Most of the chitin production procedures are wet processes. The 

enormous amount of wastewater comes from neutral washings which 

follow acid treatment or caustic soda treatment. The following stages 

generate the majority of wastewater discharged: 

- Containers of untreated shrimp shell and shrimp head 

- Wastewater from washing the material and removal of the 

excess organic parts from the shrimp 

- Wastewater from the acid soaking to remove minerals 

- Wastewater from the alkaline soaking to reduce the protein 

- Wastewater from neutral washing operations 

- Domestic wastewater and some other processes 

The chitin production process at the factory usually uses one of three 

technologies, depending on the quality requirements of the chitin products, 

the production time allowed, and the quality of the input materials. These 

three technologies are the traditional chemical method, the innovative 

chemical method that combines chemical treatment with the recovery of 

substances in waste streams, and the innovative biological method. If the 

plant needs to produce standard chitin, the traditional method will be used 

because it only takes about 18 hours per batch. This operation helps speed 

up the production process to generate more chitin products. If the plant 

needs to re-use the residual protein content in waste streams as a feed 

additive, and the chitin does not need to be high quality, the innovative 

chemical method is used. For high-quality chitin requirements, the plant will 

use an innovative biological method to ensure high quality. However, this 

seemingly perfect process is costly, with production time that lasts longer 

than 24 hours for a batch. 
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Conventional chemical method (as shown in Figure 3.1) 

 

Phase 1 (preliminary washing): Shrimp heads and shells after being 

pressed for protein extraction may be contaminated with impurities, so an 

initial wash is carried out. During this step, impurities and crude protein are 

removed, helping the shrimp scraps become cleaner. Clean water is used 

to remove the undesired contents. 

Phase 2 (demineralisation): the main mineral components in shrimp 

scraps are CaCO3 and Ca3(PO4)2. HCl acid is mainly used to demineralize 

this kind of materials. HCl 34% is mixed with water to achieve 

concentrations from 8% to 10% and the scraps are soaked for 8 to 9 hours 

(usually 9 hours). Then, they are washed several times in clean water to 

raise the pH to neutral. The purpose of this stage is to wash off the CaCl2 

formed and to eliminate residual HCl. Notably, in the washing stage, there 

is also some pigment washed away. 

Phase 3 (deproteinisation): NaOH 98% is mixed with water to achieve 

a concentration of 8 to 10%, and the product obtained from step 2 is soaked 

for 8-9 hours (usually 9 hours). The wet chitin products obtained this way 

is then washed with clean water to neutral pH. 
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Innovative chemical method (as shown in Figure 3.2) 

 

Phase 1 (preliminary washing): The initial washing phase applies 

similarly to the traditional method. However, at the second wash, DC1 flow 

is used instead of clean water to lower pH, saving acidity of 

demineralization flow. 

Phase 2 (demineralisation): Instead of using only HCl solvent as in the 

conventional method, the DC2 waste stream is reused for DC1 input to 

save the amount of acid needed. Then the first two washings are done 

entirely with clean water. At the end of this process, the output of DP1 flow 

is mixed with clean water to wash out DC4 and DC5. This action raises the 

pH value significantly to save on the amount of NaOH added in the next 

step. 

Phase 3 (deproteinisation): NaOH 98% is mixed with water to achieve 

a concentration of 8 to 10%, and the product obtained from step 2 is soaked 

for 8-9 hours (usually 9 hours). The wet Chitin products obtained in this 

step are then washed with clean water to neutral pH. 





112 

 

Innovative biochemical method (as shown in Figure 3.3) 

 

Phase 1 (enzyme treatment): replaces the inflow of water with the first 

enzyme wash flow. 1% enzyme is added to the tank with the hot air about 

60oC and soaked for 30 minutes. The product is then washed with clean 

water in WS2. However, WS3's inlet flow is treated with DC3 instead of 

water to decrease the pH. This step is mainly to remove soluble nitrogen in 

the shrimp's head and shell. 

Phase 2 demineralization and phase 3 deproteinization are the same 

as for the innovative chemical treatment. 
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in the production of chitin from shrimp scraps. The samples were taken 

from the equalisation tank of the wastewater treatment system and 

characterised, as shown in Table 3.1 

 

Table 3.1 Characteristics of chitin production wastewater on site 

Parameters Values 

pH 3.55 – 7.41 

COD (mgL-1) 4,245 – 23,600 

TKN (mgL-1) 639 – 1,395 

NH4
+-N (mgL-1) 145 – 842 

TP (mgL-1) 53 – 366 

TSS (mgL-1) 1,880 – 10,400 

Ca2+ (mgL-1) 1,200 – 3,163 

Crude protein (mgL-1) 3,994 – 8,719 

Turbidity (NTU) 363 – 1,254 

 

3.1.2.2 For biological treatment experiments 

The wastewater samples used in the experiments were produced as 

follows. The scraps of prawn heads and shells were treated with a 4% HCl 

solution (w/v 1:2) for 24 hours at room temperature. These demineralised 

products were then washed several times with water to remove CaCl2 and 

other water-soluble impurities to neutral pH. The following deproteination 

was implemented with 5% sodium hydroxide (NaOH) solution (w/v 1:2) and 

refluxed at room temperature for 24 hours to remove the remaining 

proteins and other organic materials. The solid part after being treated was 

finally washed with distilled water and then dried to constant weight. The 

chitin effluent obtained was measured for pH, COD, TKN, N-NH4
+, TP, and 

salinity as described in Table 3.2 below. In order to stock chitin wastewater 

for running the biological treatment process, HCl was added to decrease 

the pH to less than 2. 
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Table 3.2 Characteristics of chitin wastewater made in laboratory 

Parameters Values 

pH 2.7 – 12.3 

COD (mgL-1) 4,065 – 12,160   

TKN (mgL-1) 560 – 1,330 

NH4
+-N (mgL-1) 39 – 168 

TP (mgL-1) 3 – 68 

Salinity (‰) 8.8 – 24.0 

 

3.1.3 Inoculum sludge 

Anaerobic, anoxic, and aerobic inoculum sludges were taken from the 

Vissan food processing factory's wastewater treatment system in Binh 

Thanh District, Ho Chi Minh City, Vietnam. This anaerobic sludge was dark 

black with an average grain size of about 2-3 mm, while the fine anoxic and 

aerobic sludges were dark browns. The Sludge Volumetric Index (SVI) for 

the initial system was 110 mLg-1. After a period of operation, activated 

sludge volume was measured to calculate the SVI. This phase was 

continued until SVI decreased to about 80 - 120 mLg-1, and the 

experimental parameters were stable. 

The initially acclimated sewage was taken from An Nghiep Industrial 

Zone, Soc Trang Province, Vietnam. This effluent comprised mainly 

domestic wastewater and seafood processing wastewater with typical 

characteristics as shown in Table 3.3. After a stable running, this kind of 

wastewater gradually shifts to chitin wastewater. 

 

Table 3.3 Characteristics of domestic wastewater used for acclimation 

No. Parameters Values Average 

1 pH 6.5-7.5 

2 COD (mgL-1) 2,700 – 3,500 2,956 

3 NH4
+ (mgL-1) 150 – 300 251 

4 TKN (mgL-1) 400 – 650 525 



116 

 

 

3.1.4 Reagents and apparatus 

3.1.4.1 For coagulation experiments 

A dry sample of chitosan by-product was obtained from VNF. The by-

product is a low-quality factory waste which is substandard for commercial 

chitosan. The viscosity was 583.8 cP (at 25oC), and the deacetylating 

degree  was 79.55%. 

Polyaluminum chloride (PAC) ([Al2(HO)nCl6-nxH2O]m), (1≤ n ≤5, m≥10, 

PAC 31) was purchased from Weifang Tenor Chemical Co., Ltd., Qingdao, 

China. Polyacrylamide (PAA) (–CH2CHCONH2–)n, (Polymer cation C1492) 

was purchased from Specfloc KMR, Woodmansey, East Yorkshire, 

England. 

Acetic acid (>99%) was used as the solvent for dissolving chitosan. 

The PAC stock solution was prepared at 50 gL-1
 in water. It took 

around 5 min to dissolve completely under stirring (100 rpm) at room 

temperature (RT). The PAA stock solution was prepared at 5 gL-1
 in water. 

It took around 2 hours to dissolve PAA completely under stirring (100 rpm) 

at RT. Chitosan stock solution was prepared at 10 gL-1
 in aqueous acetic 

acid 1%; it took around 4 hours to dissolve chitosan completely under 

stirring (100 rpm) at RT. 

A six-unit combined mixer (JLT6, LOVIBOND, Dortmund, Germany) 

was used in all coagulation and flocculation (jar test) experiments. 

5 TP (mgL-1) 45 – 65 57 

6 NO2
- (mgL-1) > 0.1 

7 NO3
- (mgL-1) > 0.2 
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3.1.4.2 For biological treatment experiments 

 

Figure 3.4 Diagram of the experimental apparatus. 1 - Wastewater 

feeding tank, 2 - Biofix anaerobic compartment, 3 - Biofix anoxic 

compartment, 4 - Biofringe aerobic compartment, 5 - Settling 

compartment, 6 - Feeding pump, 7 - Glass water trap, 8 – Air 

compressor, 9 – Recirculation pump, 10 – Sediment circulation pump, 11 

– Flow control valve, 12 – Effluent pipe, 13 – Gas collecting pipe, 14 – 

Submersible pump. 

 

The equipment includes a wastewater tank, treatment tanks, and a 

treated water tank. The treatment tank complex consists of 4 

compartments combined, including anaerobic, anoxic, aerobic, and 

sedimentation, as illustrated in Figure 3.4. 

The volume and size of the reactors is shown in Table 3.4 below with 

Stick - bed BioFix (BX) and Swim - bed BioFringe (BF) carriers inserted in 

the apparatus 
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Table 3.4 Detailed actual size apparatus 

No. Reactor 

Parameter 

Volume 

(L) 

Length 

(mm) 

Width 

(mm) 

Height 

(mm) 

1 Wastewater feeding tank 120 - - - 

2 Anaerobic compartment 10 160 115 640 

3 Anoxic compartment 10 160 115 640 

4 Aerobic compartment 10 160 115 640 

5 Settling compartment 2.5 160 115 320 

6 Wastewater effluent tank 30 - - - 

 

3.2 Methods  

3.2.1 Analytical methods 

Chemical oxygen demand (COD) (5220 C), total Kjeldahl nitrogen 

(TKN) (4500-Norg C), NH4
+–N (ammonium nitrogen) (4500-NH3 C), total 

phosphorus (TP) (4500-PE), calcium ion (Ca2+) (2340 A), and sludge 

volume index (SVI) were all measured using methods of the American 

Public Health Association, as described in the Standard Methods for 

Examination of Water and Wastewater 21st ((APHA), 2005), and pH (4500-

H+B), total suspended solids (TSS) (2450 D) using edition 22nd ((APHA), 

2012). Crude protein content was calculated based on total Kjeldahl 

nitrogen multiplied by 6.25 (FAO, 2003). 

A COD reactor (HI839800-02, HANNA Company, Cluj-Napoca, 

Rumania), UV–Vis Laboratory Spectrophotometer (DR5000-03, HACH 

Company, Loveland, CO, USA), Kjeldahl reactor (Behr Labor Technik, 

Düsseldorf, Germany), and a pH meter (SevenEasy. S20, Mettler Toledo, 

Greifensee, Switzerland) were used in the analytical procedures. 

 



119 

 

3.2.2 Experimental design for coagulation 

3.2.2.1 Preliminary sedimentation experiments 

The preliminary sedimentation was carried out at RT (30oC). The 

experiment was designed using two factors: pH value ranging from 4 to 11 

and settling time ranging from 5 to 45 min. After an initial turbidity 

measurement, the wastewater sample was put into 1 L beakers with pH 

adjusted to a value between 4 to 11, at intervals of 0.5 unit. The beakers 

were left to settle by gravity at RT for a period of 5 to 45 min. The 

supernatant liquid was then measured for turbidity to calculate the turbidity 

removal efficiencies. All experiments were carried out in triplets, and the 

values reported are average values. 

3.2.2.2 Coagulation and flocculation experiments by chitosan, PAC and 

PAA 

After the preliminary sedimentation experiments, wastewater samples 

were then used for the coagulation experiments. The experiments were 

carried out with different pH values and coagulant doses, and the 

experimental design was based on the Box-Wilson central composite 

method with the circumscribed type (Box & Wilson, 1951). In this design, 

the experimental points are selected at some distance α from the central 

position, based on the considered factors and repeatability desired. With 

the experiments repeated three times at the central position (n0 = 3), the 

number of experiments (N) of two factors (k = 2) is calculated N = 2k + 2k 

+ n0 = 22 + 2 x 2 + 3 = 11. For three factors (k = 3), the number of 

experiments is 17. The value of α is calculated from the formula α4 + 2kα2 

– 2k-1(k + 0.5n0) = 0. The value of α is 1.414 for k = 2 and 1.353 for k = 3. 

The details of each experiment's experimental parameters are given 

in Table 3.5, together with the turbidity removal efficiencies obtained from 

the coagulation experiments. 

Wastewater samples of 500 mL were placed in six 1000 mL beakers. 

The pH value of each sample was adjusted according to the experimental 

design. The range of pH tested was from 4 to 10. The dose of chitosan or 



120 

 

PAA was from 40 to 140 mgL-1
  (experiments 1 and 3) and the dose of PAC 

was from 30 to 90 mgL-1
  (experiment 2). In experiment 4, both PAC and 

PAA were used. The PAC dosage was kept the same as above, and the 

dose of PAA was from 20 to 60 mgL-1. 

In all the experiments, the samples were stirred at 150 rpm at RT for 

the first 2 minutes, then the different coagulant solutions were added. The 

flocculation time was 15 min at a stirring speed of 20 rpm. Finally, the 

samples were settled for 30 min, and the turbidity of the supernatant liquid 

was measured. These TRE values were entered into the Minitab 16.0 

software to determine the optimal conditions. Under these optimal 

conditions, the values of COD, TKN, NH4
+–N, TP, TSS, calcium ion, and 

crude protein concentrations before and after coagulation/flocculation were 

also measured. 

The optimisation experiment with chitosan was conducted using both 

the conventional experimental design and Box-Wilson central composite 

design. The experimental procedures were the same as above. The pH 

range was from 5 to 9, and the dose of chitosan was from 50 and 100 mgL-

1. 

3.2.2.3 Response Surface Designs and Analysis 

The experimental design matrix and data processing, including 

optimal response surface based on the removal efficiency of turbidity 

(Table 3.5), were carried out with the Minitab 16.0 software and Microsoft 

Excel. 
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Table 3.5 Coagulation experimental conditions 

No Experiment 1 (Chitosan) Experiment 2 (PAC) Experiment 3 (PAA) Experiment 4 (PAC and PAA) Experiment 5 (optimisation) 

 Initial turbidity: 523 NTU 
Turbidity after settling: 79 NTU 

Initial turbidity: 493 NTU 
Turbidity after settling: 81 
NTU 

Initial turbidity: 511 NTU 
Turbidity after settling: 97 NTU 

Initial turbidity: 511 NTU 
Turbidity after settling: 100 NTU 

Initial turbidity: 963 NTU 
Turbidity after settling: 184 NTU 

 pH/ Chitosan (mgL-1)/ 
Turbidity (NTU) 

TRE* 
(%) 

pH/ PAC (mgL-1)/ 
Turbidity (NTU) 

TRE* 
(%) 

pH/ PAA (mgL-1)/ 
Turbidity (NTU) 

TRE* 
(%) 

pH/ PAC (mgL-1)/ PAA (mgL-

1)/ Turbidity (NTU) 
TRE* 
(%) 

pH/ Chitosan (mgL-1)/ 
Turbidity (NTU) 

TRE* 
(%) 

1 10.0 140.0 6 92.4 10.0 90.0 10 87.7 10.0 140.0 13 86.6 10.0 90.0 60.0 8 92.0 5.0 50.0 148 19.6 

2 4.0 140.0 67 15.2 4.0 90.0 29 64.2 4.0 140.0 92 5.2 4.0 90.0 60.0 37 63.0 9.0 50.0 23 87.5 

3 10.0 40.0 12 84.8 10.0 30.0 9 88.9 10.0 40.0 8 91.8 10.0 30.0 60.0 8 92.0 5.0 100.0 150 18.5 

4 4.0 40.0 70 11.4 4.0 30.0 40 50.6 4.0 40.0 86 11.3 4.0 30.0 60.0 49 51.0 9.0 100.0 20 89.1 

5 11.2 90.0 8 89.9 11.2 60.0 5 93.8 11.2 90.0 2 97.9 10.0 90.0 20.0 6 94.0 9.8 75.0 19 89.7 

6 2.8 90.0 58 26.6 2.8 60.0 43 46.9 2.8 90.0 87 10.3 4.0 90.0 20.0 32 68.0 4.2 75.0 153 16.8 

7 7.0 160.7 49 38.0 7.0 102.4 13 84.0 7.0 160.7 18 81.4 10.0 30.0 20.0 6 94.0 7.0 110.4 12 93.48 

8 7.0 19.3 27 65.8 7.0 17.6 16 80.2 7.0 19.3 14 85.6 4.0 30.0 20.0 44 56.0 7.0 39.7 13 92.93 

9 7.0 90.0 12 84.8 7.0 60.0 13 84.0 7.0 90.0 15 84.5 11.1 60.0 40.0 2 98.0 7.0 75.0 21 88.6 

10 7.0 90.0 13 83.5 7.0 60.0 13 84.0 7.0 90.0 18 81.4 3.0 60.0 40.0 38 62.0 7.0 75.0 19 89.7 

11 7.0 90.0 19 75.9 7.0 60.0 17 79.0 7.0 90.0 17 82.5 7.0 100.6 40.0 13 87.0 7.0 75.0 18 90.2 

12             7.0 19.4 40.0 13 87.0     

13             7.0 60.0 67.1 13 87.0     

14             7.0 60.0 12.9 13 87.0     

15             7.0 60.0 40.0 14 86.0     

16             7.0 60.0 40.0 13 87.0     

17             7.0 60.0 40.0 13 87.0     

18 10.6 86.4 - 99.4 11.2 17.6 - 93.5 9.8 79.3 - 99.5 11.0 48.1 39.2 - 98.9 8.3 77.5 - 99.3 

* TRE: Turbidity removal efficiency; optimal results based on the calculation of Minitab 16.0 software 
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3.2.3 Experimental procedures for the biological treatment system 

 

Operating principle of the treated plant 

Wastewater was pumped into the biofilm reactor system through an 

anaerobic tank containing the carrier of Stick - bed BioFix (BX). This flow 

was introduced from the bottom of the anaerobic tank to create good 

contact between the substrate in wastewater with anaerobic sludge in the 

reaction tank. The anaerobic tank has 3 BX plates with a total area of 480 

cm2. The process of decomposing organic matter and metabolising 

nutrients happened partly in this stage. Figure 3.5 shows the biofilm 

reactors with BX and BF carriers at idle and loading operation. 

The stream continuously flowed to the bottom of the anoxic tank fixed 

by 3 BX plates similar to in the anaerobic compartment. The wastewater 

was stirred lightly by a submersible pump to allow denitrification process to 

take place. The supernatant water in this reactor was subsequently 

directed to the aerobic tank containing the carrier Swim - bed BioFringe 

(BF).  

The aerobic tank is equipped with an air blowing disc with continuous 

aeration activity. The 500 mm – length BF fibre twisted and was mounted 

in the aerobic tank to maximise the  area of contact with the substrate. The 

conversion of organic matter, nitrification, and nitration was accomplished 

by oxygen supplied from the air compressor. Nitrite and nitrate sources 

were circulated to the anoxic tank by the recirculation pump.  

The sedimentation tank separated the sludge mixture from the stream 

after passing through the biological tanks. Large flocs under the effect of 

gravitational force settled to the bottom, and the treated water on the 

surface layer was discharged outside. The sediment generated from the 

settling tank was partly circulated to the anoxic basin to add more 

microorganisms for the nitrate reduction process. 
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The treatment plant at idle and loaded mode 

 

a 

 

b 

 

c 

 

d 

Figure 3.5 (a) Biofilm reactor at idle operation, (b) at loading operation, (c) 

BX carriers in anaerobic and anoxic tanks, (d) BF carriers in aerobic tank       
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Acclimation phases 

The acclimation phase was carried out for 60 days, with the load 

increasing gradually from 1.5 to 2.5 kgCOD m-3. 

The operating parameters of the model in the acclimation stage were 

as follows: 

- With the loading 1.5 kgCOD m-3d-1 and using industrial wastewater 

• Inlet COD concentration: 700 – 1000 mgL-1 

• Flow: 14.5 Ld-1 

• Hydraulic retention time (HRT): 16.5 hours 

• Nitrate circulation rate (IR): 300% 

- With the loading 2.5 kgCOD m-3d-1 and using industrial wastewater 

• Inlet COD concentration: 1500 mgL-1 

• Flow: 14.5 Ld-1 

• Hydraulic retention time (HRT): 14.5 hours 

• Nitrate circulation rate (IR): 300% 

- With the loading 2.5 kgCOD m-3d-1 and using chitin wastewater 

• Inlet COD concentration: 700 – 1000 mgL-1 

• Flow: 16.5 Ld-1 

• Hydraulic retention time (HRT): 14.5 hours 

• Nitrate circulation rate (IR): 300% 

 

Treatment phases 

The treatment process consists of 5 phases corresponding to 5 

different inlet concentration loads: 

- Phase 1: La = 3.0 kgCOD m-3d-1, Q = 12.96 Ld-1, Salinity = 6 ppt 

- Phase 2: La = 3.5 kgCOD m-3d-1, Q = 14.4 Ld-1, Salinity = 10 ppt 

- Phase 3: La = 5.7 kgCOD m-3d-1, Q = 16.4 Ld-1, Salinity = 12 ppt 

- Phase 4: La = 5.7 kgCOD m-3d-1, Q = 16.4 Ld-1, Salinity = 14 ppt 

- Phase 5: La = 6.0 kgCOD m-3d-1, Q = 16.4 Ld-1, Salinity = 18 ppt 

Each phase was run on average for 20 days, while the sampling was 

being tested regularly on a case-by-case basis. When switching to another 
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stage, the first five days were for the system to adapt to the new 

concentration. 

 

3.2.4 First-order kinetics model 

For COD 

The reaction rate r and rate coefficient k are described in differential 

form of rate law as below: 

−𝑟 = 𝑘𝐶𝑂𝐷  

 

𝑟 =
dCOD

dt
  

 

 

Rearranged to give: 

dCOD

dt
= −𝑘𝐶𝑂𝐷 

 

→
dCOD

COD
= −𝑘𝑑𝑡 

 

Integrating two sides of the equation: 

∫
dCOD

dCODo

𝐶𝑂𝐷

𝐶𝑂𝐷𝑜

= −𝑘 ∫ 𝑑𝑡
𝑡

𝑡=0

 

 

When integrated: 

ln
𝐶𝑂𝐷

𝐶𝑂𝐷𝑜

= −𝑘𝑡 

 

Convert the equation by raising each side to the exponent, e: 

𝐶𝑂𝐷

𝐶𝑂𝐷𝑜

= 𝑒−𝑘𝑡 

 

 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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For steady-state reactor (CSTR) 

 

 

 

 

 

Material balance for COD: 

Input + Reaction = Output 

F. CODin + rV = F. CODout 

F (CODin – CODout) = -rV = kCODoutV 

Rearranging the above equation shows that rate coefficient k depends 

on flow rate F, the volume V of the reactor, and inlet and outlet COD 

concentrations:  

𝑘 =
𝐹

𝑉
(

𝐶𝑂𝐷𝑖𝑛 − 𝐶𝑂𝐷𝑜𝑢𝑡

𝐶𝑂𝐷𝑜𝑢𝑡

) 

 

Based on these formulas:  

𝐹

𝑉
= speed velocity and 

𝑉

𝐹
= residence time = 𝜏 

 

Rate coefficient k is: 

𝑘 =
1

𝜏
(

𝐶𝑂𝐷𝑖𝑛 − 𝐶𝑂𝐷𝑜𝑢𝑡

𝐶𝑂𝐷𝑜𝑢𝑡

) 

 

Recall from the removal efficiency ƞ: 

𝜂 =
𝐶𝑂𝐷𝑖𝑛 − 𝐶𝑂𝐷𝑜𝑢𝑡

𝐶𝑂𝐷𝑖𝑛

 

 

Rearranged to get the rate of CODin/CODout: 

𝜂 = 1 −
𝐶𝑂𝐷𝑜𝑢𝑡

𝐶𝑂𝐷𝑖𝑛

⇔
𝐶𝑂𝐷𝑜𝑢𝑡

𝐶𝑂𝐷𝑖𝑛

= 1 − 𝜂 

𝐶𝑂𝐷𝑖𝑛

𝐶𝑂𝐷𝑜𝑢𝑡

=
1

1 − 𝜂
 

CODin 

 

F = Flow 

 
V = Volume 

CODout 

 

(11) 

(8) 

(9) 

(10) 

Figure 3.6 Material balance for steady-state reactor 
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From above: 

𝑘 =
1

𝜏
(

𝐶𝑂𝐷𝑖𝑛 − 𝐶𝑂𝐷𝑜𝑢𝑡

𝐶𝑂𝐷𝑜𝑢𝑡

) 

 

Further arrangements into an equation show the relationship between 

k, ƞ, and Ƭ: 

𝑘 =
1

𝜏
(

𝐶𝑂𝐷𝑖𝑛

𝐶𝑂𝐷𝑜𝑢𝑡

− 1) =
1

𝜏
(

1

1 − 𝜂
− 1) =

1

𝜏
(

1 − (1 − 𝜂)

1 − 𝜂
) =

1

𝜏
(

𝜂

1 − 𝜂
) 

 

Therefore, rate coefficient k has a unit of 1/time: 

𝑘 =
𝜂

𝜏(1 − 𝜂)
 

 

The half-life (t1/2) of first-order reactions for COD is measured when: 

𝐶𝑂𝐷1/2 =
1

2
𝐶𝑂𝐷𝑜 

 

And after one half-live t = t1/2: 

𝐶𝑂𝐷1/2

𝐶𝑂𝐷𝑜

=
1

2
= 𝑒−𝑘𝑡1/2 

 

Convert to logarithms: 

ln 0.5 = −𝑘𝑡1
2
 

 

The half-live is a constant calculated by: 

𝑡1/2 =
− ln 0.5

𝑘
≈

0.693

𝑘
 

 

Calculated similarly for TN, TP, and Calcium, their rate coefficients 

correlate with removal efficiency and residence time as for COD.  

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 
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Chapter 4: Characteristics of chitin production waste streams 

 

4.1 Quality indicators of chitin wastewater 

pH 

Chitin effluent was composed of two different waste stream: acidic 

flow (pH <3) and alkaline flow (pH> 10). Wastewater that has either too 

high or too low pH affects the aquatic ecosystems, impacting fisheries (loss 

of productivity, damage to fishing nets) and aquaculture (loss of 

hydrological balance factors) and decreasing the survival rate of aquatic 

species). Those extreme pH values also cause the water quality to become 

unusable for human activities of tourism and recreation (swimming, 

boating), which subsequently affects the regional economy. 

Odour 

In the chitin production process, together with the foul odour of the 

organic compound decomposition forming volatile amine, diamine, 

ammonia compounds, ethyl mercaptan, and hydrogen sulphide (Muñoz et 

al., 2010), there was also chlorine emission resulting in the HCl acid 

vapour. This vapour caused workers to cough and their eyes to tear up. 

The odour of concentrated NaOH solution also contributed to air pollution 

that affected the health of workers. 

Colour 

The dark red colour of chitin wastewater was due to abundance of 

pigmented compounds such as astaxanthin (Niamnuy et al., 2008). The 

colour-soluble ingredients in the wastewater make the treatment more 

difficult. 

Salinity 

Chitin wastewater was usually mixed before entering the air tank to 

neutralise the wastewater. The NaCl content formed was huge because 

this wastewater contained large amounts of HCl and NaOH. Therefore, the 

effluent had a high salinity ranging from 8.8 to 24.0 ‰, which was the main 
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factor affecting the growth and development of microorganisms in 

biological treatment.  

Total Suspended Solids 

The large inorganic and organic suspended solids content (1,880 – 

10,400 mgL-1) in the effluent caused the receiving stream to become 

opaque and sedimented. The ability of light to pass through the water was 

reduced, resulting in limited resources for photosynthesis. The 

consequence was that the dissolved oxygen in the water reduced; making 

the water anaerobic and affecting the lives of many aquatic plants and 

animals, including microorganisms. 

Organic Matter 

Chitin wastewater contains high levels of organic matter, expressed 

through high COD (4,065 – 12,160 mgL-1), TKN (560 – 1,330 mgL-1), NH4
+-

N (39 – 168 mgL-1) and TP (3 – 68 mgL-1). The contaminants reduce the 

amount of dissolved oxygen in the water, which indirectly affects the lives 

of aquatic species. The main impact is on the organisms’ abundance and 

biodiversity.  

Hardness 

Chitin wastewater contains large amounts of calcium (1,200 – 3,163 

mgL-1) and magnesium salts, which increase the hardness of the water, 

causing deposits and the loss of pressure on the pipes. 

Chloride 

The high chloride ion concentration in effluents caused local effects 

such as cracking and corrosion that damaged the machinery and 

equipment and increased the water's salinity and conductivity. 

 

4.2 Chitin waste stream characteristics of different processes 
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4.2.1 Characteristics of waste streams of the conventional chemical 

process without any recycling flows 

Characteristics of the 14 waste streams following conventional 

chemical process are described by parameters COD, TKN, TP, TSS, 

calcium (Figure 4.1a), and pH values (Figure 4.1b).  

In Figure 4.1a, the COD was highest in the alkaline-treated stream 

DP1 (37,400 mgL-1), twice as high as in the acid-treated stream DC1 

(19,700 mgL-1) and the preliminary washing WS1 (17,600 mgL-1). TKN also 

exhibited a similar trend. TKNs of DP1, DC1 and WS1 were 4,150 mgL-1, 

2,710 mgL-1, and 2,190 mgL-1, respectively. The concentration of acid and 

alkaline washing streams gradually decreased due to the washing process 

until the pH was neutral. In contrast, the highest concentration of calcium 

was found in DC1 (21,600 mgL-1), 15 times lower in DP1 (1,450 mgL-1) and 

± 45 times lower in WS1 (461 mgL-1). This opposite trend could explain why 

the acid is used to treat minerals such as calcium while alkali is used to 

remove proteins. Demineralisation also mainly removed TP and TSS of 

wastewater. TPs of DP1, DC1 and WS1 were 137, 751, and 59 

respectively. The TSSs of DP1, DC1 and WS1 were 4,340 mgL-1, 6,370 

mgL-1, and 1,610 mgL-1, respectively. 

In Figure 4.1b, extreme pH values of acidity or alkalinity of each 

effluent are shown. The pH was neutral in the preliminary washing streams, 

and it became acid or alkaline wash at the end. The pH was very low (below 

1) at the acid treatment; conversely, the pH was very high (above 12) at 

the alkaline treatment. 
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4.2.2 Characteristics of waste streams of the proposed innovative 

chemical process with recycling flows 

Characteristics of the 13 waste streams that followed the innovative 

chemical process are described by COD, TKN, TP, TSS, calcium (Figure 

4.2a), and pH values (Figure 4.2b).  

In Figure 4.2a, the COD was highest in alkaline-treated stream DP1 

(71,800 mgL-1), twice as high as the acid-treated stream DC1 (29,800 mgL-

1) and the preliminary washing WS1 (27,700 mgL-1). This was similar to the 

case with the conventional chemical process. The TKNs of DP1, DC1 and 

WS1 were 5,220 mgL-1, 3,290 mgL-1, and 3,010 mgL-1, respectively. The 

use of the acid and alkaline recycling streams raised the pollution to higher 

levels than the conventional chemical process. In contrast, the highest 

concentration of calcium was found in DC1 (21,100 mgL-1), 12 times lower 

in DP1 (1,700 mgL-1) and ± 7 times lower in WS1 (3,130 mgL-1). Compared 

to the traditional process, the calcium content rose significantly in 

preliminary washing streams because the reuse stream contained much 

more calcium ions. The removal of TP and TSS in this process was most 

effective in the demineralisation phase. The TPs of DP1, DC1 and WS1 

were 127 mgL-1, 1,210, and 67, respectively, while the TSSs of DP1, DC1 

and WS1 were 6,700 mgL-1,  9,140 mgL-1, and  4,250 mgL-1, respectively.  

This method's advantage was to save money by reducing the amount 

of chemicals used and the water consumption. In addition, the high organic 

concentrations of the waste streams created higher treatment efficiencies. 

For instance, COD, TKN, and Ca were decreased by 30% while TSS and 

TP were > 50%.  

In Figure 4.2b, the pH value was neutral in the preliminary washing 

streams, and at the end of the acid or alkaline wash while lower than 1 at 

the acid treatment, and higher than 12 at the alkaline treatment. 
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In Figure 4.3a, COD of WS1 was 37,200 mgL-1, which was higher than 

that of DP1 (32,800 mgL-1) and twice the concentration of DC1 (18,200 

mgL-1). In this process, the pre-washing was combined with enzyme 

treatment. Enzymes that catalyze cell metabolism, including fragmentation 

of large nutritional molecules, break proteins, carbohydrates, and fats into 

smaller molecules. Microbial proteases are used to solubilize 

proteinaceous waste in wastewater (Facchin et al., 2013). Therefore, more 

organic content, expressed through COD, TKN, and TSS levels, mainly 

appeared in WS1 than other streams. TKNs of WS1, DP1, and DC1 were 

7,510 mgL-1, 3,540 mgL-1, and 2,290 mgL-1, respectively. In contrast, the 

highest concentration of calcium was found in DC1 (17,100 mgL-1), 8 times 

lower in DP1 (2,250 mgL-1) and around 9 times lower in WS1 (1,860 mgL-

1). The mineralisation process produced mainly calcium content, TP and 

TSS. Notably, TSS in the biochemical process with recycling flows was 

very large, about eight times higher than in the innovative chemical 

process. In detail, TPs of DC1, DP1, and WS1 were 585, 120, and 75 

respectively, while the TSSs were 52,000 mgL-1,  23,300 mgL-1, and  

32,800 mgL-1, respectively. Additionally, the ratio of acquisition 

components also achieved efficiently, decreased around 50% of COD, 

30% of Ca and TKN, over 70% of TP and TSS. 

In Figure 4.3b, the pH change trend was similar to that of the previous 

work processes, clearly showing the acidic and alkaline nature of each 

stream. 
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Chapter 5: Coagulation of chitin production wastewater from 

shrimp scraps with by-product chitosan and chemical 

coagulants 

 

5.1 Preliminary sedimentation efficiency 

The efficiencies of the preliminary sedimentation experimentson 

turbidity removal are shown in Figure 5.1 as a contour plot of the two factors 

of wastewater pH and settling time. Figure 5.1 shows that the turbidity 

removal efficiency (TRE) was strongly affected by the pH and two regions 

of high turbidity removal (TRE > 80%) could be identified at around pH 4 

and 11. On the other hand, the TRE was lowest at a pH range of 6 to 7. In 

an acidic environment at pH 4, 90% of the amino acids in chitin wastewater 

are completely protonated, so that the flocs form quickly and are very large, 

and easily settle (Rao, 2015). Electrostatic repulsion between the NH3
+ 

groups formed disrupts hydrogen bonds and hydrophobic interactions after 

the amino groups' protonation (Saïed & Aider, 2014). In other words, amino 

groups are deprotonated when the pH is increased to 6, reducing 

sedimentation efficiency at pH values over 6. In an alkaline environment at 

pH 11, the sediment was mainly from calcium salt precipitation (Rioyo et 

al., 2018). Figure 5.1 also indicates that a settling time of 15 minutes or 

higher was needed. After 30 minutes of settling, the TRE did not increase 

significantly as the amount of total suspended solids remaining in the 

wastewater was low and the sedimentation capacity diminished. As pH 4 

was the most common pH value of the wastewater streams, this pH was 

chosen as the optimal pH for preliminary sedimentation in subsequent 

experiments. If the wastewater's pH had to be raised to 11, it would be 

costly and unsuitable. In addition, a settling time of 30 minutes was chosen 

for subsequent experiments. 
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Figure 5.1 Contour plots of sedimentation efficiency showing effects of pH 

and settling time 

The removal efficiencies of other wastewater parameters such as 

COD and TSS are given in Table 5.1, together with those achieved from 

the coagulation experiments. The sample's total COD was significantly 

reduced by 38% from 4,245 to 2,612 mgL-1. Most significantly, the removal 

of the total suspended solids was up to 93%. However, the removal 

efficiencies for sCOD, Ca2+, nitrogen and phosphorus were low and 

insignificant. This was expected as preliminary sedimentation is effective 

for suspended solids removal.  

 

5.2 Coagulation by chitosan (experiment 1)  

The TREs of the coagulation experiments with different coagulations 

are given in Table 3.5. A contour plot of TRE was also constructed to show 

the effects of pH and doses of coagulants, as given in Figure 5.2. In 

addition, the effects of solution pH and doses of coagulants are also shown 

in Figures 5.3 and 5.4, respectively. In all cases, the TRE was strongly 

affected by the solution pH and the coagulant doses. 
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Table 5.1 Removal efficiencies of preliminary sedimentation and coagulation experiments 

Coagulants Samples 
pH 

tCOD 
(mgL-1) 

sCOD 
(mgL-1) 

TKN 
(mgL-1) 

NH4
+-N 

(mgL-1) 
TP 

(mgL-1) 
TSS 

(mgL-1) 
Ca2+ 

(mgL-1) 
Crude protein 

(mgL-1) 

Preliminary 
sedimentation 

Inlet wastewater 5.6 4,245 1,621 639 145 53 1,880 1,200 3,996 

After settling 4.0 2,612 1,584 579 133 40 139 1,233 3,617 

*RE (%)   38 2 9 8 25 93 -3 9 

Chitosan 
86.4 mgL-1 

After coagulation 10.6 1,741 1,463 453 103 5.2 39 587 2,829 

**REC (%)   33 8 22 23 87 72 52 22 

***ToRE (%)   59 10 29 29 90 98 51 29 

PAC 
17.6 mgL-1 

After coagulation 11.2 2,116 1,403 448 95 4.9 51 673 2,800 

**REC (%)   19 11 23 29 88 63 45 23 

*** ToRE (%)   50 13 30 34 91 97 44 30 

PAA 
79.3 mgL-1 

After coagulation 9.8 2,298 1,246 520 146 4.2 38 587 3,252 

**REC (%)   12 21 10 -10 90 73 52 10 

***ToRE (%)   46 23 19 -1 92 98 51 19 

Mixture of PAC 
and PAA 
87.3 mgL-1 

After coagulation 11.0 1,875 1,645 462 98 4.3 44 660 2,888 

**REC (%)   28 -4 20 26 89 68 46 20 

***ToRE (%)   56 -1 28 32 92 98 45 28 

* RE: Removal efficiency; ** REC: Removal efficiency of coagulation; *** ToRE: Total removal efficiency. 
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For chitosan, the TRE achieved was above 80% at pH 7 with a dose of 

chitosan of about 90 mgL-1. The region of maximum TRE was located in the pH 

range from 10 to 11 (Figure 5.2a). Based on a Box-Wilson model calculation, 

the optimum TRE value was 99.4% with pH 10.6 and chitosan concentration 

86.4 mgL-1. As shown in Figure 5.3a, effective TRE was achieved at the high 

pH ranges from 7 up to 12. This performance did not change much when the 

chitosan dose was greater than 80 mgL-1, as shown in Figure 5.4a.  

The removal efficiencies of other wastewater parameters at the optimal pH 

of 10.6 and chitosan dose of 86.4 mgL-1 are given in Table 5.1. The 

concentrations of most parameters in the treated effluent decreased 

significantly: total COD decreased by 59%, TKN and NH4
+-N by 29%, TP by 

90%, TSS by 98%, and Ca2+ by 51% (Table 5.1). However, the concentration 

of soluble COD was only reduced by about 10%, indicating that coagulation was 

not effective for removing soluble proteins in the sample (Cui et al., 2016). The 

total recovery rate for the crude protein content from the sample after 

preliminary sedimentation and chitosan coagulation was up to 29%. 

 

5.3 Coagulation by PAC (experiment 2) 

For PAC, TRE reached over 90% at around pH 11 (Figure 5.2b). The 

performance of PAC in coagulation treatment was similar to that of chitosan: 

the TRE was higher at a higher pH, and it was highest at around pH 11 (Figure 

5.3b). This is clearly shown in Figure 5.4b, as the measured TRE fluctuated 

around 85% at pH levels from 7 to more than 11. However, the PAC dose did 

not affect TRE much even though the dosage was lower than 20 mgL-1 or higher 

than 110 mgL-1. Hence, the optimal TRE was calculated to be 93.5% at pH = 

11.2 at PAC dose 17.6 mgL-1. 

The removal efficiencies of other wastewater parameters at the optimal pH 

of 11.2 and PAC dose of 17.6 mgL-1 are given in Table 5.1. PAC partly removed 

residues in wastewater as follow: tCOD (by 50%), sCOD (by 13%), TKN and 

NH4
+-N (by 30 - 34%), TP (by 91%), TSS (by 97%), and Ca2+ (by 44%). The 

recovery efficiency of crude protein content (30%) after the treatment was 
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Figure 5.3 Turbidity removal efficiencies at different pH values with coagulant: 

(a) Chitosan, (b) PAC, (c) PAA, (d) PAC + PAA 

 

Figure 5.4 Turbidity removal efficiencies at different coagulant concentrations 

with coagulant: (a) Chitosan, (b) PAC, (c) PAA, (d) PAC + PAA 
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5.4 Coagulation by PAA (experiment 3)  

The effects of pH and coagulant dose for PAA are illustrated in Figure 5.2c. 

The influence of pH on the coagulation process by PAA was also similar to that 

of PAC (Figure 5.3c), but the influence of the coagulant dose showed a 

converse trend. The TRE was highest at the pH between 7 to 11.2, with a PAA 

dose of 80 mgL-1, and the TRE gradually decreased as the coagulant dose 

increased (Figure 5.4c). This was also reflected through the optimal results, 

being 99.5% TRE at pH 9.8 and PAA dose of 79.3 mgL-1. There were also some 

regions where the TRE was over 80% at around pH 7 (Figure 5.2c). The overall 

performance of coagulation with the PAA was at the same level as chitosan, but 

PAA is not as safe for the environment because it is a chemical coagulant. 

The removal efficiencies of other wastewater parameters at the optimal pH 

of 9.8 and PAA dose of 79.3 mgL-1 are given in Table 5.1. The parameter 

reductions after coagulation by PAA were as follows: tCOD (by 46%), sCOD (by 

23%), TKN (by 19%), TP (by 92%), TSS (by 98%), and Ca2+ (by 51%). 

Compared to chitosan, PAA's effect on protein recovery was much lower, 29% 

and 19%, respectively. The removal of organic nitrogen and ammonium was 

relatively poor, while the soluble organic content was most efficiently reduced. 

 

5.5 Coagulation and flocculation by PAC and PAA (experiment 4) 

Contour plot Figure 5.2d shows the effects of pH and mixture doses of PAC 

and PAA on TRE. It can be said that the alkaline pH range had a good effect on 

the coagulation process of the PAC and PAA mixture (Figure 5.2d). The best 

TRE was achieved at about pH 11 (Figure 5.3d) with a total mixture dose of 

around 100 mgL-1 (Figure 5.4d). The optimal result was 98.9% of TRE at pH 

11.0, and PAC dose of 48.1 mgL-1 and PAA dose of 39.2 mgL-1. Compared to 

the single coagulant of PAA or PAC, the mixture performed less effectively than 

PAA but more effectively than PAC. 

The removal efficiencies of other wastewater parameters at the optimal pH 

of 11.0 and PAC dose of 48.1 mgL-1 and PAA dose of 39.2 mgL-1 are given in 

Table 5.1. The agglomerated coagulation treatment using PAC and PAA 
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mixtures had better results than using PAC or PAA separately, as follows: total 

COD reduced by 56%, which was higher than that treated by PAC (50%) and 

PAA (46%). TKN and NH4
+-N reduced slightly to the equivalent of using PAC (> 

30%), but the effectiveness was noticeably higher than PAA. TP and TSS 

removal efficiencies of the mixture were similar to those of single coagulants at 

more than 90%. However, soluble COD could not be removed effectively by 

PAC and PAA mixtures. The rate of protein recovery of this mixture (28%) was 

similar to that of chitosan (29%) and PAC (30%). 

 

5.6 Comparison of the coagulants studied 

In general, the COD removal efficiency of chitosan was the best (~60%). 

Performances of chitosan, PAC, and the mixture were nearly the same (~30%) 

for TKN and crude protein recovery. TP removal efficiencies of chitosan, PAA, 

and the mixture were quite similar (> 90%). It is of note that the removal 

efficiencies of TSS (97%) and calcium ion were quite high because the process 

was carried out in alkaline conditions with high calcium ion concentrations. 

Chitosan achieves higher treatment efficiency than traditional chemical 

coagulants due to its ability to absorb organic matter and colour compounds, 

and recover proteins (Wan Ngah et al., 2011). With its highly positive charge 

density and long polymer chain, chitosan can act as both a coagulant and a 

flocculant in the wastewater treatment process (Sahoo et al., 2012). 

 

5.7 Optimal conditions of chitosan coagulation  

5.7.1 Traditional experimental design 

The results of the optimization process of coagulation with chitosan are 

shown in Figures 5.5 and 5.6. In Figure 5.5, the turbidity treatment efficiency 

was evaluated with different doses of chitosan at pH 7. The data show that the 

TRE increased as the dose increased. The highest TRE of over 96% is at a 

chitosan dose of 80 mgL-1. Moreover, the TRE remained about the same in the 

dose range between 80 and 150 mgL-1. In Figure 5.6, the TRE was evaluated 

with a dose of 80 mgL-1 at a range of pH values. The TRE efficiency was low at 
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a low pH and increased from less than 20% to about 90% as the pH values 

increased to about 7. After that, the TRE remained about the same. Therefore, 

the most suitable pH for this coagulation experiment was in the range between 

7 and 11. Practically, the neutral value of pH 7 can be selected as the optimal 

pH, considering the effectiveness of coagulation and the lower costs without the 

need to raise the pH value. 

 

Figure 5.5 Correlation between turbidity removal efficiency (TRE) and chitosan 

dose at pH 7 

 

Figure 5.6 Correlation between turbidity removal efficiency (TRE) and pH at 

chitosan dose of 80 mgL-1 
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5.7.2 Box-Wilson central composite design (experiment 5) 

The process optimisation results using the Box-Wilson central composite 

design are given in Table 3.5 as Experiment 5. The optimal turbidity removal 

efficiency from the central composite design was up to 99.3% at pH = 8.3, and 

the optimal chitosan dose was calculated at 77.5 mgL-1. These results were 

consistent with those obtained from the traditional experiment design. The 

optimal pH value of 8.3 is slightly higher than pH 7, but this is consistent 

because the TRE did not change significantly between the pH range of 7 to 11 

as observed in the traditional experimental design. The experimental conditions 

of wastewater characteristics were also changed due to sample availability. In 

particular, the ratios between crude protein content and calcium ion were 

different. Compared to Experiment 1, the total COD in Experiment 5 was nearly 

doubled (7,217 compared to 4,245 mgL-1), and the crude protein content was 

also more than double (8,721 compared to 3,996 mgL-1). However, the calcium 

ion content only increased by about 50% (1,844 compared to 1,200 mgL-1). 

Therefore, due to the change of components in this sample, it contains more 

amino acids which determine the optimal condition of this coagulation test as 

about neutral pH.  

 

5.7.3 Comparison of treatment performances between two optimal points from 

traditional design and central composite design 

Figure 5.7 shows the changes in wastewater characteristics after 

preliminary sedimentation and coagulation at optimal experimental conditions 

and the corresponding removal efficiencies. As shown in Figure 5.7, the organic 

and inorganic contents removed by the central composite design were greater 

than in the conventional design. This could be due to the fact that the central 

composite design enabled the study of interactive effects between operating 

treatment conditions and, thus, more accurate optimal treatment conditions 

could be obtained (Subramonian et al., 2015). Therefore, it can be concluded 

that by using chitosan solution to remove the residues in this wastewater, the 



148 

 

optimal treatment efficiency was obtained at pH 8.3 and a chitosan dose of 77.5 

mgL-1. 

 

Figure 5.7 Changes of characteristics of wastewater after preliminary 

sedimentation and coagulation at optimum experimental conditions (left axis) 

and removal efficiencies (right axis) 

 

The basic components of the post-treatment sediments obtained from the 

two experimental design are also shown in Figure 5.8. It can be seen that the 

mineral and crude protein fractions in the solid residue were higher, and 

therefore, the moisture was lower for the central composite design. With a crude 

protein content of up to 55 mg.g-1, the sediment can be reused for animal feeds 

or nutritional supplements as fertilizer. 
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Figure 5.8 Basic components of post-treatment sediment with two 

experimental designs 

5.8 Correlation between Crude protein and Calcium ratio with turbidity 

removal performances 

The ratio between the contents of crude protein and calcium ion affects the 

suspended particles' charge structures, and the effect of this ratio (wt) on the 

turbidity removal efficiency is evaluated and shown in Figure 5.9. At a ratio of 

3, the TRE was relatively low at about 85%. This effect tended to increase until 

the ratio was about 4.5; after that, it did not show significant changes. Therefore, 

it can be asserted that the higher the crude protein content and calcium ratio in 

the wastewater sample, the higher the TRE. This result is based on the fact that 

organic matter content was always greater than the inorganic content 

(represented by crude protein and calcium concentrations). Consequently, the 

organic components occupied a major part of suspended solids, which caused 

wastewater to become turbid.  
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Figure 5.9 Effects of ratio of crude protein and calcium ion on turbidity removal 

efficiencies 
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Chapter 6: Treatment of chitin production wastewater by biofilm 

reactor system using stick-bed biofix and swim-bed biofringe 

carriers 

 

6.1 Acclimation phases 

SVI indicator 

SVI was measured to evaluate the sedimentation capacity of biological 

sludge and the sludge's properties and quality. The SVI of the aerobic tank was 

measured during the adaptive run (50 days) corresponding to the sampling days 

in the following order 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 days. 

The results are given in Table 6.1 

Table 6.1 SVI of aerobic tank in acclimation phase 

 

Activated sludge was taken from the aeration tank of the Vissan plant 

wastewater treatment system with a good SVI of 110 mLg-1. In the first stage of 

the acclimation process, the sludge did not adhere well to the substrate, so the 

SVI was higher (120 - 125 mLg-1). After about ten days, the slightly decrease of 

SVI revealed that the sludge was gradually adapting to the substrate. Swim-bed 

technology with acryl-fibre material, biofringe, has been effective in aerobic 

treatment by supporting the biomass attachment on the substrate (Aziz et al., 

2011). Swimming motion created by the wastewater flow enhances the transfer 

of nutrients to the attached biomass and detaches excess biomass to be settled 

down easily (Yamamoto et al., 2006). However, the SVI fluctuated from the 45th 

day due to the addition of chitin wastewater into the reactor. In general, after 60 

days of acclimation, it was concluded that the sludge was in a stable operating 

state based on the good SVI. 

 

Day 1 5 9 15 20 26 30 48 50 54 56 60 

SVI 

(mLg-1) 
125 120 113 114 110 106 110 115 105 130 120 115 
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accumulating organisms (PAOs) was quite good, but the treatment capacity 

plummeted from the 16th day. The performance to remove TP showed a big 

growth with increasing input concentration (COD from 700 to 1,100 mgL-1, TP 

from 30 to 45 mgL-1) from day 20. However, on the 45th day, when there was 

an escalation of chitin wastewater addition, the TP removal efficiency 

decreased remarkably because TP input dropped from 45 mgL-1  to about 30 

mgL-1. The TP concentration at the end of this phase was about 16.5 mgL-1. 

The results showed that the inoculum sludge had adapted to chitin 

wastewater during 60 days of acclimation, resulting in high and stable 

processing efficiency. Therefore, the experiment was further continued from the 

acclimation stage to the main operating (treatment) stages. 

 

6.2 Treatment phases 

6.2.1 Phase 1 (loading 3 kgCOD m-3d-1 and salinity 6 ppt)  

During this period, the influent used was chitin wastewater without 

physicochemical treatment with COD of about 2300 mLg-1, a flow rate of 12.96 

Ld-1, and salinity of 6 ppt. 

Performances of COD, TN, TP, and calcium treatment during phase 1 of 

the treatment process are illustrated in Figure 6.2. 
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According to this graph, the efficiency of COD removal was over 80%, but 

some significant changes occurred during the analysis period. The reason was 

that the system had just run entirely on artificial chitin wastewater, so 

microorganisms needed time to adapt. This stage's COD output started to reach 

column B, of QC11 (discharge output requirements of aquatic wastewater). 

The efficiency of TN treatment was not noticeable in the first days of the 

process; however, it increased from day 77, indicating that microorganisms had 

gradually adapted to the wastewater. This performance revealed that this was 

a suitable load for chitin wastewater. Although the lowest outlet TN reached 

80.7 mgL-1, which still did not satisfy the requirements of column B of QC11, it 

was a positive indicator for the next load. 

The TP treatment of wastewater also produced similar results to the TN at 

the beginning of the load. It did not show an apparent effect because the 

microorganisms needed time to adapt to the new load, but the later performance 

achieved 74% efficiency. This figure proves that the TP removal process was 

relatively good even though the outlet numbers (9.4 – 19.4 mgL-1) did not match 

the requirements of column B of QC11. 

Similarly to COD, TN, and TP, early removal of calcium was low (around 

40%). Nevertheless, processing efficiency then showed an upward trend (up to 

65%). It is notable that a high concentration of calcium in the sample inhibited 

the growth of microorganisms, reducing the ability to handle nitrogen and 

phosphorus (Li et al., 2014). The higher the calcium content in the sample, the 

more limited the ability to process TN and TP. 

In summary, with a starting load of 3 kgCOD m-3d-1, microorganisms 

needed time for the initial adaption. After that, COD, TP, and TN revealed good 

signs of handling. Although the results did not reach the requriements of QC11, 

it was fully expected that the next load would produce better results. 
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6.2.2 Phase 2 (loading 3.5 kgCOD m-3d-1 and salinity 10 ppt) 

The influent used was chitin wastewater without physicochemical 

treatment with COD of about 2,430 mgL-1, flow rate of 14.4 Ld-1, and salinity of 

10 ppt. 

Performances of COD, TN, TP, and calcium treatment during phase 2 of 

the treatment process are illustrated in Figure 6.3 
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According to this graph, the effectiveness of COD removalin this stage was 

very stable, achieving over 95% efficiency. The COD output concentration of 

less than 50mgL-1 from day 100 matched the requirements of column A, QC11, 

demonstrating that the 3.5 kgCOD m-3d-1 loading was the best for COD 

treatment. 

The effectiveness of TN removal was quite high (71.4 - 87.1%). However, 

even though the lowest concentration of TN after treatment was 58.8 mgL-1 (day 

91), the output concentration of TN still exceeded the requirements column B 

of QC11. The reason was that the high input of free calcium in the wastewater 

combined with the amount of calcium stored by the microorganisms in the tank 

inhibited the nitrogen conversion processes. 

The TP treatment efficiency of this AAO model was outstanding. From the 

93rd day of the operation, TP removal efficiency was stable at about 80% 

throughout the phase, although the outlet TP of about 10.1 mgL-1 exceeded the 

requirements of column B of QC11. In fact, TP levels might meet the quality 

standard of water discharged if the pre-treated coagulation process was 

improved. 

Wastewater calcium was not treated efficiently at this phase, reaching 45% 

maximum and 25% minimum. These results indicate that with higher input 

concentration and higher calcium and salt content, calcium removal at this 

phase was more difficult than in the previous period.  

In summary, with a load of 3.5 kgCODm3d-1 and salinity 10 ppt, the model 

also achieved excellent treatment efficiency, shown by the COD level that met 

the requirements of column A of QC11. Other criteria for TN and TP would be 

achieved the column B if the coagulation were more effective. 

 

6.2.3 Phase 3 (loading 5.7 kgCOD m-3d-1 and salinity 12 ppt) 

The influent used was chitin wastewater without physicochemical 

treatment with COD of about 3,500 mgL-1, flow rate of 16.4 Ld-1, and salinity of 

12 ppt. 
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Performances of COD, TN, TP, and calcium treatment during phase 3 of 

the treatment process are illustrated in Figure 6.4. 
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According to these graphs, the efficiency of handling different parameters 

fluctuated in phase 3. COD removal efficiency at this load was always over 90%. 

The ability to control such criteria as TN, TP, and calcium hardness was still  

stable due to microbiological adaptation. Anaerobic sludge activity was 

relatively good in this period, shown by nearly 80% reduction in COD 

concentration through anaerobic digestion. COD concentration through the 

aerobic tank continued to decline more than 90% compared to the input, leading 

to an output COD concentration of about 175 mgL-1. On average, it could be 

said that the output COD met the discharge standard according to column B of 

QC11. 

A reduction of approximately 50% in TN compared to the input 

concentration indicated that nitrogen metabolism was insubstantial in a saline 

environment of 12 ppt. The main reason was that Nitrobacters converting NO2
- 

to NO3
- were inhibited at high salinity. Hence, nitrogen metabolism only reached 

the phase of conversion of NH4
+ into NO2

-. 

TP treatment capacity was not stable due to the increase of salinity to 12 

ppt. However, the ability to accumulate phosphorus in PAO species cells was 

progressing better during the phase, especially at the end of the process. 

Similarly to TN and TP, the calcium hardness was not effectively removed in 

this phase. 

In summary, the treatment efficiency of pollution parameters fluctuated in 

phase 3. The ability to handle COD of the model at this load was always over 

90%. However, due to the relatively high salinity of the inlet wastewater and the 

lack of pre-treatment, the ability to handle TN, TP, and hardness criteria was 

still not stable. 

 

6.2.4 Phase 4 (loading 5.7 kgCODm-3.d-1 and salinity 14 ppt) 

In phase 4, chitin wastewater, with COD of about 3,500 mgL-1, salinity of 14 

ppt, and a flow rate of 16.4 Ld-1 was treated by coagulation. 
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Performances of COD, TN, TP, and calcium treatment during phase 4 of 

the treatment process are illustrated in Figure 6.5, and the nitrogen conversion 

trend is shown in Figure 6.6. 
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of concentrations of 500 times and 2 times, respectively. The plant's nitrogen 

treatment capacity was relatively low, averaging about 60% of the input 

concentration. Although organic nitrogen was transformed into ammonium in 

the anaerobic tank and continuously converted into nitrite by Nitrosomonas 

bacteria in the anoxic basin, very little nitrate was formed due to the inhibition 

of Nitrobacter bacteria in the aerobic tanks. This inhibition resulted in the 

inability to produce nitrogen gas, which was the leading cause of poor total 

nitrogen treatment. 

The output TP of this load (around 5 mgL-1) met the standard of column B 

of QC11. This positive result was due to chitin wastewater that had been pre-

treated to eliminate much of the TP content.  

With a hardness higher than the appropriate threshold of 100 - 150 

mgCaCO3L-1 (specifically, this load had a calcium hardness greater than 600 

mgCaCO3L-1) the biological treatment method was not suitable to handle it. 

Removal efficiency was only about 50%. In addition, high calcium hardness 

inhibited the nitrogen metabolism and the precipitation of Ca3(PO4)2 to cause 

increasing phosphorus concentrations in the tanks. 

In summary, the coagulation of pre-treated wastewater with a load of 5.7 

kgCOD m-3d-1, and salinity of 14 ppt was the optimal performance of the plant. 

After biological treatment, the COD and TP satisfied the standard of column B 

of QC11. Particularly for TN criteria, there should be other treatment solutions 

for the effluent to meet the standards. The hardness of wastewater needed to 

be treated appropriately, in order not to affect the surrounding environment 

where wastewater was discharged. 

 

6.2.5 Phase 5 (loading 6 kgCOD m-3d-1 and salinity 18 ppt)  

In phase 5, chitin wastewater with COD of about 3,600 mgL-1, salinity of 18 

ppt, and a flow rate of 16.4 Ld-1 was treated by coagulation. 

Performances of COD, TN, TP, and calcium treatment during phase 5 of 

the treatment process are illustrated in Figure 6.7, and nitrogen conversion 

trend is shown in Figure 6.8. 
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nitrogen in anaerobic tanks. Therefore, the amount of nitrite produced was 

very small, making it impossible to form nitrate.  

TP treatment efficiency shown in Figure 6.7 was not stable, causing TP 

output concentration not to achieve the standard of column B of QC11. 

Compared to phase 4, with 14 ppt salinity and the same load, it can be 

concluded that the saltier the medium is, the more inhibited phosphorus-

treated microorganisms. 

In phase 5, the inlet wastewater characteristics were similar to phase 

4, only differing in salinity. Microorganisms were greatly inhibited under this 

condition. Except for the ability to handle COD, the remaining parameters 

exhibited relatively low and unstable processing efficiency. 

In conclusion, the load increased slightly from 5.7kgCODm-3d-1 to 

6kgCODm-3d-1 and salinity from 14 ppt to 18 ppt at phase 5, and reduction 

of TP, TN, and calcium hardness was unstable. It is demonstrated that with 

18 ppt salinity, microorganisms are not well adapted, leading to an inability 

to handle the above criteria. 

 

6.3 Overall performance of the treatment process 

COD removal efficiency 

 

Efficiency of COD reduction of all phases in the main treatment is 

shown in Figure 6.9 
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Table 6.2 Rate coefficients of first-order kinetic in the steady-state reactor 

  COD TN TP Calcium 

  

Residence 

time Ƭ 

(day) 

Removal 

efficiency 

(%) 

Rate 

coefficient 

k (day-1) 

Residence 

time Ƭ 

(day) 

Removal 

efficiency 

(%) 

Rate 

coefficient 

k (day-1) 

Residence 

time Ƭ 

(day) 

Removal 

efficiency 

(%) 

Rate 

coefficient 

k (day-1) 

Residence 

time Ƭ 

(day) 

Removal 

efficiency 

(%) 

Rate 

coefficient 

k (day-1) 

Phase 1 19 94 0.87 19 80 0.21 19 64 0.09 14 54 0.08 

Phase 2 16 98 2.51 16 79 0.23 16 80 0.25 15 34 0.03 

Phase 3 21 95 0.96 21 51 0.05 21 73 0.13 21 37 0.03 

Phase 4 13 96 1.81 13 62 0.13 13 70 0.18 13 56 0.10 

Phase 5 16 93 0.88 16 23 0.02 16 66 0.12 16 43 0.05 

 

As shown in Table 6.2, the higher the removal efficiency, the larger the rate coefficients for the same residence time. The 

rate coefficients of COD (2.51-0.87 day-1) are significantly greater than those of TN (0.23-0.02 day-1), TP (0.25-0.09 day-1), and 

Calcium (0.10-0.03 day-1). 
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Chapter 7: Conclusion 

 

7.1 Thesis findings 

In this study, chitin wastewater showed a considerable variation in 

characteristics and quality, heavily dependent on input materials and 

production. Wastewater pH values fluctuated widely. In particular, mineral 

treatment streams contained high acid content, so the pH value was usually 

less than 3. In contrast, pH was always higher than 10 for the protein 

treatment streams. When all the effluents were mixed, a large amount of 

salt was generated (8.8 – 24.0‰), making it difficult to treat the wastewater 

by biological methods. 

Chitin produced from shrimps was obtained from different body parts 

such as heads or shells. If the input materials contained more head than 

the shell, then the total soluble and insoluble solids in the wastewater was 

much higher than the input with more shells. This difference was reflected 

in the strongly fluctuating COD, TKN, NH4
+-N and TP parameters in 

different concentration of chitin in each sample of wastewater, accounting 

for 4,065 – 12,160 mgL-1; 560 – 1,330 mgL-1; 39 – 168 mgL-1; and 3 – 68 

mgL-1, respectively.  

In all three different processes of chitin production, pH value was 

neutral at preliminary washing (step 1), very low (even lower than pH 1) at 

the mineral treatment by acid chemicals (step 2) and very high (over pH 

12) at the protein treatment by alkaline (step 3). However, the average pH 

value was neutral, (7) except for the conventional process, in which the pH 

average was ± 6.3. 

The inorganic and organic matter contents of chitin production 

wastewater were very high, mainly from step 1, and the mineral and protein 

treatment of steps 2 and 3, and less than those in the washing stage of 

steps 2 and 3. In the mineral treatment period, the calcium content was the 

highest (17,100 - 21,600 mgL-1), about ten times higher than in the protein 

treatment step (1,450 – 1,700 mgL-1) and eight times higher than in the 
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washing water (411 – 3,130 mgL-1). Meanwhile, the values of COD, TKN, 

TP, TSS indicated that the organic content of wastewater had high values 

in the protein treatment processes and preliminary washing steps. For 

chemical processes, CODs of the acid-treated streams (19,700 – 29,800 

mgL-1) were equivalent to those of the initial wash water (17,600 – 25,900 

mgL-1) but only half of those in the alkaline-treated flows (37,400 – 71,800 

mgL-1). The biochemical process resulted in a similar COD ratio in the acid-

treated stream and the washing water, but with a higher proportion in the 

acid-treated stream and alkaline-treated flow. The TKN parameter had a 

similar trend to COD, seen in the results as follows (2,290 – 3,290 mgL-1); 

(2,190 – 5,150 mgL-1); and (3,540 – 5,220 mgL-1). These waste streams 

were normally mixed before being put into the wastewater treatment 

system of the plant. The parameters of chitin wastewater parameters 

varied as follows: pH (3.55 – 7.41), COD (4,245 – 23,600 mgL-1), TKN (639 

– 1,395 mgL-1), NH4
+-N (145 – 842 mgL-1), TP (53 – 366 mgL-1), TSS (1,880 

– 10,400 mgL-1), Ca2+ (1,200 – 8,719 mgL-1), crude protein (3,994 – 8,719 

mgL-1), and turbidity (363 – 1,254 NTU). 

A pre-treatment process consisting of preliminary sedimentation 

followed by coagulation using by-product chitosan was developed and 

chitin production wastewater treatment was evaluated for the potential for 

crude protein recovery. The coagulant effectiveness of by-product chitosan 

was also compared to that of polyaluminum chloride and polyacrylamide. 

The preliminary sedimentation process removed over 80% of turbidity and 

93% of TSS at pH 4 after 30 min. Optimal coagulation with by-product 

chitosan was achieved in pH ranging from 7 to 11. The removal efficiency 

was also affected by the ratio between crude protein and calcium content 

of the sample. With this ratio at around 5, combined with a dose of chitosan 

77.5 mgL-1 and pH of 8.3, the removal efficiency for TSS was 84%, for 

tCOD 23%, for sCOD 32%, for TKN and ammonium 25%, for TP 90%, for 

Ca2+ 29%, and for crude protein 25%. Chitosan was still more effective at 
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lower ratios than other chemical coagulants in removing inorganic and 

organic substances of chitin production wastewater.  

Overall, coagulation by chitosan removed up to 99.4% of turbidity at 

pH 10.6 with a chitosan dose of 86.4 mgL-1. The removal efficiencies for 

the different parameters were tCOD (59%), sCOD (10%), TKN and NH4
+-

N (29%), TP (90%), TSS (98%), and Ca2+ (51%). Coagulation by PAC 

removed up to 93.5% of turbidity at pH 11.2 with a PAC dose of 17.6 mgL-

1. The removal efficiencies for the parameters were tCOD (50%), sCOD 

(13%), TKN and NH4
+-N (30-34%), TP (91%), TSS (97%), and Ca2+ (44%). 

Coagulation by PAA removed up to 99.5% of turbidity at pH 9.8 with a PAA 

dose of 79.3 mgL-1. The removal efficiencies for the parameters were tCOD 

(46%), sCOD (23%), TKN (19%), TP (92%), TSS (98%), and Ca2+ (51%). 

Coagulation by PAC and PAA combined achieved up to 98.9% of turbidity 

removal at pH 11.0 and a PAC dose of 48.1 mgL-1 and PAA dose of 39.2 

mgL-1. The removal efficiencies for parameters were tCOD (56%), TKN 

(28%) and NH4
+-N (32%), TP (92%), TSS (98%), and Ca2+ (45%).  

The crude protein content in the sediment was up to 55 mgg-1, and 

mineral content was ± 10%, supporting the suitability for nutritional 

supplements for animal feed or crops. This study indicated that the 

treatment process would be beneficial to chitin producers in minimising the 

wastewater treatment systems' cost and recovering a highly nutritional 

sediment product. 

The treatment systems using anaerobic anoxic oxic (A2O) technology 

with two types of Biofix and Biofringe carriers achieved a high treatment 

efficiency. The influent wastewater for the biological treatment was 

produced in the laboratory in batches with characteristics of pH (2.7 – 12.3), 

COD (4,065 – 12,160 mgL-1), TKN (560 – 1,330 mgL-1), NH4
+-N (39 – 168 

mgL-1), TP (3 – 68 mgL-1), and salinity (8.8 – 24.0 ‰). 

The acclimation phase went through three stages with gradually 

increasing input loadings from 1.5 to 2.5 kgCOD m-3d-1 and slowly replacing 

industrial wastewater with chitin production wastewater. The hydraulic 
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retention time was reduced from 16.5 to 14.5 hours, while the flow rate was 

increased. During the acclimation phase of 60 days, sludge activity was 

relatively good, as shown by the high and stable treatment efficiencies 

through SVI (115 – 120 mLg-1), and the removal of COD (over 90%), TN 

(75-85%), and TP (50% in average). 

Five phases of the main treatment process were investigated with the 

input loading increasing from 3.0 to 6.0 kgCOD m-3d-1, flow rates from 12.96 

Ld-1 to 16.4 Ld-1, and salinity from 6 ppt to 18 ppt. The influent of this 

process was not pre-treated with physicochemical methods at initial 

phases until entering phase 4. The results showed that the higher the salt 

content, the lower the processing capacity, evidenced by the higher 

treatment efficiency in phase 2 than in the rest of the phases. More 

specifically, with a loading of 3.5 kgCOD m-3d-1, inlet COD of 2,430 mgL-1 

and salinity of 10 ppt, COD, TN, TP, and calcium contents were reduced 

by up to 95%, 75%, 80%, and around 30%, respectively. However, the 

pollutants and salinity concentrations in phase 2 were much lower than 

those in the chitin wastewater. Due to a solid residue content, chitin 

wastewater needed to be pre-treated with coagulation before going through 

the biological processes. 

Although a COD removal efficiency of over 90% was satisfactory, the 

reduction in total nitrogen removal from 60% to lower than 50% was 

considered significant, starting at 12 ppt salinity (phase 3). This decline 

stemmed from the inhibition of Nitrosomonas and Nitrobacter at high 

salinity, causing challenges to convert ammonia into nitrite and nitrate 

instead of forming nitrogen gas. The nitrogen conversion trend showed a 

very clear change between phase 4 (salinity 14 ppt) and phase 5 (salinity 

18 ppt). In phase 4, the amount of organic nitrogen and ammonium 

decreased by 86% and 62%, while nitrite and nitrate increased by 500 and 

2 times. However, in the fifth phase, organic nitrogen and ammonium only 

reduced by 74% and 2%, while the amount of nitrite and nitrate rose by 228 

and 1.72 times. 
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In general, it can be concluded that the treatment processes worked 

best when chitin wastewater was pre-treated by coagulation at a loading of 

5.7 kgCOD m-3d-1 and salinity of 14 ppt. At this phase 4, the treatment 

efficiency reached over 90% for COD, about 60% for TN and TP, and 65% 

for calcium. Most of the processing efficiencies were high, making the 

treated wastewater meet the Vietnamese government standard. 

This successful chitin wastewater treatment study gives evidence for 

some practical benefits and high practicability on an industrial scale. Using 

by-product chitosan in the primary coagulation process avoids wasting 

money on buying chemical agents and gives this technology a sustainable, 

environmentally friendly approach. Furthermore, biofilm reactor systems 

using stick-bed biofix and swim-bed biofringe carriers have become very 

popular in practical wastewater treatment facilities. In summary, this 

study’s results make the treatment of chitin wastewater highly applicable at 

a relatively affordable cost and safe for the environment.  

 

7.2 Recommendations 

Based on the current research on chitin wastewater treatment, five 

recommendations are made. 

First, the recovery of as much nutrients as possible from the chitin 

waste stream before putting it into the wastewater treatment system should 

be investigated. This would reduce the wastewater system load and 

recovers some beneficial constituents for other fertiliser and animal feed 

purposes. 

Second, studies of some physical properties of flocs, such as settling 

velocity and particle size distribution should be further investigated to 

assess suspended particles' aggregation capacity. 

Third, the study of increasing the hydraulic retention time of aerobic 

and anoxic tanks will solve the problem of low total nitrogen removal. The 

main reason for the inability to treat total nitrogen is the lack of hydraulic 

retention time for microorganisms to convert ammonium to nitrite, nitrate 
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and nitrogen gas. Five-stage modified Bardenpho process and partial 

nitrification operation are proposed to investigate a higher processing 

efficiency. A partial nitrification tank will cultivate nitrobacter strains better, 

and facilitate the transformation from nitrite to nitrate. 

Fourth, tests running at higher loads should be conducted to match 

the actual concentrations of chitin wastewater. 

Finally, the growth, development, and metabolic capacity of 

Nitrosomonas and Nitrobacter at high salinity need to be explored to know 

biodegradation capacities of those microorganisms at the appropriate 

salinity level in the aquatic environment situation. 
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Appendices 

 

Appendix 1. Chitin waste stream characteristics of different 

processes 

 

1.1 Characteristics of waste streams of the conventional chemical process 

without any recycling flows 

 
COD TKN TP TSS Ca2+ pH 

WS1 17,633 2,198 59 1,610 461 7.54 

WS2 14,694 1,260 11 870 411 7.29 

DC1 19,701 2,716 751 6,370 21,643 0.39 

DC2 16,653 1,428 590 2,850 10,671 0.72 

DC3 13,280 1,386 414 1,300 5,060 1.16 

DC4 10,993 994 242 470 3,858 1.50 

DC5 9,470 128 29 480 214 2.75 

DC6 7,511 85 21 1,370 85 4.68 

DP1 37,442 4,158 137 4,340 1,450 12.46 

DP2 16,544 938 19 540 301 11.72 

DP3 24,816 371 9 140 64 10.62 

DP4 9,470 294 2 40 35 9.25 

DP5 8,163 224 1 80 10 9.21 

TW 15,891 403 3 320 17 8.74 

 

1.2 Characteristics of waste streams of the proposed innovative chemical 

process with recycling flows 

  COD TKN TP TSS Ca2+ pH 

WS1 21,796 3,019 67 4,250 3,138 7.07 

WS2 25,991 3,899 250 5,910 5,905 5.42 

DC1 29,850 3,299 1,210 9,147 21,176 0.68 

DC2 14,750 1,468 610 3,487 9,279 1.27 
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DC3 14,399 1,178 186 2,180 6,239 1.90 

DC4 15,409 1,626 97 3,303 1,984 5.19 

DC5 24,058 1,708 48 10,267 241 7.24 

DP1 71,841 5,220 127 6,700 1,703 12.34 

DP2 23,357 1,787 38 1,677 1,071 11.99 

DP3 8,355 730 19 1,390 470 10.77 

DP4 5,476 478 11 1,123 421 10.06 

DP5 1,395 84 3 150 20 8.65 

TW 1,024 142 4 150 142 8.81 

 

1.3 Characteristics of waste streams of biochemical process with recycling 

flows 

  COD TKN TP TSS Ca2+ pH 

WS1 37,205 7,515 75 32,800 1,864 6.74 

WS2 20,056 5,159 60 8,215 1,683 6.79 

WS3 18,559 3,346 113 17,400 8,367 5.51 

DC1 18,253 2,293 585 52,000 17,159 0.64 

DC2 17,468 2,219 390 45,600 10,496 1.13 

DC3 21,029 2,758 210 20,750 4,534 2.97 

DC4 14,579 1,472 100 15,900 2,255 5.4 

DC5 22,991 2,471 105 15,075 777 9.24 

DP1 32,894 3,549 120 23,375 2,255 12.32 

DP2 10,658 1,481 45 7,600 1,127 11.79 

DP3 5,625 774 25 2,050 877 10.87 

DP4 4,093 490 15 950 131 9.73 

DP5 3,326 263 8 425 109 8.85 
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Appendix 2. Coagulation experiments 

 

2.1 Preliminary sedimentation efficiency 

No. pH Settling time 

(minutes) 

Outlet turbidity 

(NTU) 

Removal 

efficiency (%) 

1 3 5 361 26.92 

2 3 10 191 61.34 

3 3 15 143 71.05 

4 3 20 122 75.30 

5 3 25 114 76.92 

6 3 30 108 78.14 

7 3 35 100 79.76 

8 3 40 97 80.36 

9 3 45 92 81.38 

10 4 5 196 60.32 

11 4 10 136 72.47 

12 4 15 100 79.76 

13 4 20 85 82.79 

14 4 25 80 83.81 

15 4 30 74 85.02 

16 4 35 71 85.63 

17 4 40 70 85.83 

18 4 45 68 86.23 

19 5 5 336 31.98 

20 5 10 274 44.53 

21 5 15 211 57.29 

22 5 20 185 62.55 

23 5 25 172 65.18 
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24 5 30 169 65.79 

25 5 35 164 66.80 

26 5 40 160 67.61 

27 5 45 155 68.62 

28 6 5 387 21.66 

29 6 10 357 27.73 

30 6 15 335 32.19 

31 6 20 324 34.41 

32 6 25 316 36.03 

33 6 30 307 37.85 

34 6 35 298 39.68 

35 6 40 296 40.08 

36 6 45 289 41.50 

37 7 5 388 21.46 

38 7 10 364 26.32 

39 7 15 332 32.79 

40 7 20 324 34.41 

41 7 25 317 35.83 

42 7 30 314 36.44 

43 7 35 308 37.65 

44 7 40 306 38.06 

45 7 45 298 39.68 

46 8 5 183 62.96 

47 8 10 161 67.41 

48 8 15 153 69.03 

49 8 20 151 69.43 

50 8 25 148 70.04 

51 8 30 147 70.24 

52 8 35 146 70.45 

53 8 40 144 70.85 
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54 8 45 143 71.05 

55 9 5 133 73.08 

56 9 10 124 74.90 

57 9 15 117 76.32 

58 9 20 112 77.33 

59 9 25 112 77.33 

60 9 30 109 77.94 

61 9 35 108 78.14 

62 9 40 105 78.74 

63 9 45 103 79.15 

64 10 5 134 72.87 

65 10 10 122 75.30 

66 10 15 119 75.91 

67 10 20 113 77.13 

68 10 25 113 77.13 

69 10 30 110 77.73 

70 10 35 107 78.34 

71 10 40 104 78.95 

72 10 45 103 79.15 

73 11 5 106 78.54 

74 11 10 98 80.16 

75 11 15 91 81.58 

76 11 20 88 82.19 

77 11 25 88 82.19 

78 11 30 84 83.00 

79 11 35 84 83.00 

80 11 40 82 83.40 

81 11 45 81 83.60 
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2.2 Removal efficiencies of preliminary sedimentation and coagulation experiments 

 
 

No. pH 

EC 

(mS/cm) 

tCOD sCOD TKN NH4
+-N TP x 10 TSS Ca 

Crude 

protein 

(mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgL-1) 

Inlet 

wastewater 

1 5.62 10.1 4,136 1,705 651 140 480 1,827 1,220 4,069 

2 5.62 10.1 4,426 1,524 630 154 560 1,933 1,180 3,938 

3 5.62 10.1 4,172 1,633 637 140 560 1,880 1,200 3,981 

Average 
   

4,245 1,621 639 145 533 1,880 1,200 3,996 

Preliminary 

sedimentation 

1 4 11.06 2,431 1,488 588 140 400 140 1240 3,675 

2 4 11.06 1,959 1,705 574 126 400 148 1220 3,588 

3 4 11.06 3,447 1,560 574 131.6 400 128 1240 3,588 

Average 
   

2,612 1,584 579 133 400 139 1,233 3,617 

Removal 

Efficiency (%) 
   

38 2 9 8 25 93 -3 9 

Chitosan (86.4 

mgL-1) 
 

1 10.55 11.11 1,379 1,633 448 101.36 55 39 600 2,800 

2 10.55 11.1 2,068 1,415 455 104.16 50 39 580 2,844 

3 10.55 11.11 1,778 1,342 455 103.04 50 39 580 2,844 

Average 
   

1,741 1,463 453 103 51.7 39 587 2,829 
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Removal 

Efficiency (%) 
   

59 10 29 29 90 98 51 29 

PAA (79.3 

mgL-1) 
 

1 9.78 11.19 2,431 1,778 504 128.8 40 39 580 3,150 

2 9.78 11.2 2,104 1,415 546 154 45 37 580 3,413 

3 9.78 11.18 2,358 544 511 154 40 39 600 3,194 

Average 
   

2,298 1,246 520 146 41.7 38 587 3,252 

Removal 

Efficiency (%) 
   

46 23 19 -1 92 98 51 19 

PAC (17.6 

mgL-1) 
 

1 11.24 11.84 2,431 1,161 448 89.6 45 58 640 2,800 

2 11.24 11.8 2,286 1,415 448 98 47.5 48 700 2,800 

3 11.24 11.83 1,633 1,633 448 98 55 47 680 2,800 

Average 
   

2,116 1,403 448 95 49.2 51 673 2,800 

Removal 

Efficiency (%) 
   

50 13 30 34 91 97 44 30 

PAC +PAA 

(87.3 mgL-1) 
 

1 10.97 11.17 2,032 1,705 469 100.8 40 44 640 2,931 

2 10.97 11.17 1,741 1,633 455 95.2 45 44 680 2,844 

3 10.97 11.15 1,850 1,596 462 98 45 44 660 2,888 

Average 
   

1,875 1,645 462 98 43.3 44 660 2,888 
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2.3  Optimal chitosan coagulation (traditional experimental design) 

Inlet pH = 5.07  

Inlet turbidity = 845 NTU  

Turbidity at pH 4 = 107 NTU 

Settling time = 30 minutes 

Self-settling = 87.34 % 

 

No. pH Chitosan (mgL-1) Outlet turbidity (NTU) Removal efficiency (%) 

1 7 10 9 91.6 

2 7 20 9 91.6 

3 7 30 9 91.6 

4 7 40 8 92.5 

5 7 50 7 93.5 

6 7 60 7 93.5 

Removal 

Efficiency (%) 
   

56 -1 28 32 92 98 45 28 



209 

 

7 7 70 5 95.3 

8 7 80 4 96.3 

9 7 90 5 95.3 

10 7 100 6 94.4 

11 7 110 5 95.3 

12 7 120 5 95.3 

13 7 130 5 95.3 

14 7 140 5 95.3 

15 7 150 5 95.3 

 

Inlet pH = 5.07  

Inlet turbidity = 845 NTU  

Turbidity at pH 4 = 104 NTU 

Settling time = 30 minutes 

Self-settling = 87.69 % 

No. Chitosan (mgL-1) pH Outlet turbidity (NTU) Removal efficiency (%) 

1 80 4 87 16.3 
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2 80 5 72 30.8 

3 80 6 22 78.8 

4 80 7 7 93.3 

5 80 8 13 87.5 

6 80 9 10 90.4 

7 80 10 7 93.3 

8 80 11 5 95.2 

 

2.4 Optimal chitosan coagulation (Box-Wilson central composite design) 

Inlet pH = 6.22  

Inlet turbidity = 963 NTU  

Turbidity at pH 4 = 184 NTU 

Settling time = 30 minutes 

Self-settling = 80.89 % 
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No. pH Chitosan (mgL-1) Outlet turbidity (NTU) Removal efficiency (%) 

1 5 50 148 19.6 

2 9 50 23 87.5 

3 5 100 150 18.5 

4 9 100 20 89.1 

5 7 75 19 89.7 

6 7 75 18 90.2 

7 4.2 75 153 16.9 

8 9.8 75 19 89.7 

9 7 40 13 92.9 

10 7 110 12 93.5 

11 7 75 21 88.6 

12 7 75 21 88.6 
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2.5 Comparison of treatment performances between two optimal points from traditional design and central composite design 

 

  

tCOD 

(mgL-1) 

sCOD 

(mgL-1) 

TKN 

(mgL-1) 

NH4
+-N 

(mgL-1) 

Total P x 10 

(mgL-1) 

TSS 

(mgL-1) 

Ca2+ 

(mgL-1) 

Crude protein 

(mgL-1) 

Initial wastewater 7,217 5,351 1,395 842 340 2,673 1,844 8,721 

After settling at pH 4 6,728 4,733 1,206 708 287 1,013 1,657 7,540 

Removal Efficiency (%) 7 12 14 16 16 62 10 14 

Conventional design 5,714 3,002 1,122 634 83 593 1,597 7,015 

Removal Efficiency (%) 21 44 20 25 75 78 13 20 

Central composite design 5,528 3,620 1,043 625 33 430 1,316 6,519 

Removal Efficiency (%) 23 32 25 26 90 84 29 25 

 

2.6 Sediment of coagulation 

  
Moisture (%) Mineral (%) TKN (mgg-1) Crude Protein (mgg-1) 

 Conventional design 83.64 8.51 7.46 46.61 

Central composite design 76.59 13.47 8.73 54.54 
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Appendix 3. Biofilm reactor system 

 

3.1 Phase 1 (loading 3 kgCOD m-3d-1 and salinity 6 ppt) 

 

For COD 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (%) 

66 2360 504 280 64 48 98 

70 2320 300 171 140 80 97 

71 2370 310 93 66 58 96 

72 2480 312 112 76 68 97 

73 2400 276 88 80 40 98 

77 2000 600 400 300 220 89 

79 1840 520 320 220 280 85 

81 1967 511 354 256 157 92 

84 1692 354 157 177 138 92 

85 1945 521 348 273 124 94 

 

For TN 
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Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

66 478 349 222 140 98 79 

70 451 320 156 135 94 79 

71 440 224 185 120 90 80 

72 415 286 241 118 88 79 

77 429 280 216 150 89 79 

79 431 282 211 148 86 80 

84 422 280 207 133 82 81 

85 431 285 133 144 81 81 

 

For TP 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

66 44 22 21 17 16 63 

70 37 24 19 17 16 55 

71 37 22 22 20 19 48 

72 43 20 20 18 18 59 
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73 37 23 18 17 16 58 

77 36 23 18 13 14 60 

79 37 26 18 17 10 73 

81 37 23 18 17 10 74 

84 37 22 17 10 9 75 

85 37 21 15 10 9 74 

 

For calcium 

Day 
Inlet wastewater 

(mgCaCO3L-1) 

After anaerobic 

treatment 

(mgCaCO3L-1) 

After anoxic 

treatment 

(mgCaCO3L-1) 

After aerobic 

treatment 

(mgCaCO3L-1) 

Outlet 

(mgCaCO3L-1) 

Removal 

efficiency 

(mgCaCO3L-1) 

70 380 324 202 228 212 44.2 

71 378 284 277 256.6 220 41.8 

73 380 287 254 201 178 53.2 

77 401 296 240 190.1 178 55.6 

81 400 278 208 175 158 60.5 

84 420 340 230 170 150 64.3 
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3.2 Phase 2 (loading 3.5 kgCOD m-3d-1 and salinity 10 ppt) 

 

For COD 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

89 2360 344 208 136 96 96 

90 2320 300 120 140 80 97 

91 2168 426 271 194 101 95 

93 2400 280 160 120 80 97 

97 3720 240 160 120 56 98 

98 3480 320 160 140 64 98 

99 3777 433 275 142 69 99 

100 3305 413 216 79 31 99 

105 3120 460 300 136 70 98 

 

For TN 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 
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89 455.1 343.4 189.4 85.1 58.8 87.1 

91 301.5 245.4 154 60.2 58.8 80 

93 280.3 245.3 162.9 78 71 74.7 

97 357.5 301.4 118.4 104.1 102.4 71.4 

98 420.8 266.5 183.8 118.6 106.3 74.8 

99 399 301 210 91.1 84.1 78.9 

100 546.5 280.5 191.3 100.5 93.5 82.9 

105 443.3 298.3 153.3 118.2 111.9 72.2 

 

For TP 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

89 43.8 21.5 21.3 13.9 3.7 91.6 

90 36.5 24 18.8 16.9 7.6 79.2 

91 44 34 29 12 11 75.0 

93 41 30 12 12 11 73.2 

97 57 38 26 24 11 80.7 

98 55 41 26 24 11 80.0 
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99 59 34 29 24 12 79.7 

100 54.6 35.6 22.1 18.4 10.1 81.5 

105 53.2 40.6 22.4 18.7 10.1 81.0 

 

For calcium 

Day 
Inlet wastewater 

(mgCaCO3L-1) 

After anaerobic 

treatment 

(mgCaCO3L-1) 

After anoxic 

treatment 

(mgCaCO3L-1) 

After aerobic 

treatment 

(mgCaCO3L-1) 

Outlet 

(mgCaCO3L-1) 

Removal 

efficiency 

(mgCaCO3L-1) 

90 380 324 202 228 212 44.21 

91 360 162 216 226 220 38.89 

93 270 190 178 206 203 24.81 

97 400 149 382 420 285 28.75 

99 440 220 169 440 306 30.45 

105 510 558 542 570 322 36.86 

 

3.3 Phase 3 (loading 5.7 kgCOD m-3d-1 and salinity 12 ppt) 
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For COD 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

114 3840 640 420 256 160 96 

116 3934 1040 540 116 192 95 

119 2160 680 400 320 188 91 

121 3840 920 400 280 320 92 

123 3777 1023 689 275 94 98 

126 3680 760 270 260 72 98 

128 4160 200 140 200 144 97 

130 4720 600 200 120 176 96 

133 3520 640 224 224 208 97 

135 3280 880 240 200 192 94 

 

For TN 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

114 581 298 217 185 181 69 
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116 556 346 251 211 212 62 

119 508 309 295 287 278 45 

121 555 412 320 232 221 60 

123 559 365 298 242 278 50 

126 442 397 383 313 345 22 

128 442 383 259 306 291 34 

130 618 368 235 260 263 57 

133 653 355 250 302 279 57 

135 403 322 210 246 246 39 

 

For TP 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

114 69 49 36 29 20 71 

116 66 46 36 28 21 69 

119 31 17 12 11 10 69 

121 31 23 12 11 10 66 

123 33 13 9 8 8 77 
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126 30 20 15 14 9 70 

128 34 19 12 6 6 83 

130 31 21 8 7 7 77 

133 15 12 6 5 4 70 

135 19 13 4 4 3 82 

 

For calcium 

Day 
Inlet wastewater 

(mgCaCO3L-1) 

After anaerobic 

treatment 

(mgCaCO3L-1) 

After anoxic 

treatment 

(mgCaCO3L-1) 

After aerobic 

treatment 

(mgCaCO3L-1) 

Outlet 

(mgCaCO3L-1) 

Removal 

efficiency 

(mgCaCO3L-1) 

114 400 350 480 232 206 49 

116 390 298 203 205 215 45 

119 540 516 512 504 320 41 

121 520 432 344 272 330 37 

123 520 432 344 272 260 50 

126 480 400 336 240 286 40 

128 500 420 400 472 248 50 

130 520 490 412 408 400 23 
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133 580 500 472 464 460 21 

135 592 556 500 488 470 21 

 

3.4 Phase 4 (loading 5.7 kgCODm-3.d-1 and salinity 14 ppt) 

 

For COD 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

140 4000 960 200 160 128 97 

142 3840 960 280 200 176 95 

146 3360 1200 400 240 160 95 

149 3520 960 400 200 144 96 

151 3520 1120 480 200 128 96 

153 3360 1200 400 200 144 96 

 

For TN 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 
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140 508 395 218 273 242 52 

142 604 403 266 172 172 71 

146 464 427 346 205 175 62 

149 478 456 346 221 191 60 

151 493 442 331 220 182 63 

153 478 456 346 221 191 60 

 

For TP 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

140 25 20 15 15 5 78 

142 17 11 9 7 5 68 

146 14 11 8 7 5 64 

149 14 11 9 7 5 62 

151 17 11 9 6 5 64 

153 14 11 9 7 5 62 

 

For calcium 
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Day 
Inlet wastewater 

(mgCaCO3L-1) 

After anaerobic 

treatment 

(mgCaCO3L-1) 

After anoxic 

treatment 

(mgCaCO3L-1) 

After aerobic 

treatment 

(mgCaCO3L-1) 

Outlet 

(mgCaCO3L-1) 

Removal 

efficiency 

(mgCaCO3L-1) 

140 624 476 440 420 430 31 

142 616 536 516 436 302 51 

146 672 264 226 216 192 71 

149 592 284 266 256 254 57 

151 608 264 260 236 194 68 

153 592 284 266 256 254 57 

 

3.5 Phase 5 (loading 6 kgCOD m-3d-1 and salinity 18 ppt) 

 

For COD 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

159      2,880       1,200  440 220 216 93 

161      4,128       1,200  380 160 216 95 

163      4,128       1,200  380 160 216 95 
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166      3,520       1,400  500 240 208 94 

168      2,880          960  320 179 176 94 

170      3,680       1,200  400 256 256 93 

173      3,716       1,239  581 325 356 90 

175      3,469       1,250  545 234 234 93 

 

For TN 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

159 605 604 484 455 457 24 

161 692 684 443 416 427 38 

163 741 677 556 529 576 22 

166 628 620 556 543 520 17 

168 580 525 475 525 525 9 

170 596 572 507 434 434 27 

173 602 564 500 477 505 16 

175 559 529 521 416 385 31 
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For TP 

Day 

Inlet wastewater 

(mgL-1) 

After anaerobic 

treatment (mgL-1) 

After anoxic 

treatment (mgL-1) 

After aerobic 

treatment (mgL-1) 

Outlet 

(mgL-1) 

Removal 

efficiency (mgL-1) 

159 26 19 14 12 12 55 

161 15 14 9 10 9 38 

163 14 11 8 5 3 77 

166 34 13 11 4 3 90 

168 16 15 6 6 7 60 

170 25 13 9 6 8 70 

173 21 14 8 6 10 55 

175 20 12 10 5 6 70 

 

For calcium 

Day 
Inlet wastewater 

(mgCaCO3L-1) 

After anaerobic 

treatment 

(mgCaCO3L-1) 

After anoxic 

treatment 

(mgCaCO3L-1) 

After aerobic 

treatment 

(mgCaCO3L-1) 

Outlet 

(mgCaCO3L-1) 

Removal 

efficiency 

(mgCaCO3L-1) 

159 1067 1,072 734 730 672 37 

161 928 724 696 680 664 28 
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163 808 716 460 420 412 49 

166 848 804 560 320 316 63 

168 756 700 600 464 460 39 

170 792 696 512 444 440 44 

173 880 684 740 424 420 52 

175 792 716 688 572 532 33 
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