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Abstract 

This study evaluated the potential of Citropsis articulata seed powders (CASP) for the 

removal of turbidity and chemical Oxygen Demand (COD) from textile effluent through 

coagulation-flocculation mechanism. The textile effluent collected was characterized to 

determine the pH, temperature, Electrical Conductivity (EC), turbidity, Dissolved 

Oxygen (DO), Biochemical Oxygen Demand (BOD), COD, Total Dissolved Solids 

(TDS), Total Hardness (TH), Total Alkalinity (TA), chloride, sulphate, calcium, 

magnesium and the presence of heavy metal ions. The results showed high levels of 

pollution of the effluents of all parameters analysed except pH, temperature and chloride 

exceeding the maximum permissible limit recommended by the World Health 

Organization. A turbidity of 254.7NTU and COD of 1402.7mg/L was obtained for the 

textile effluent. The effect of CASP dosage, flocculation time and temperature all 

showed an increase in percentage reduction of turbidity and COD with increase in these 

factors in the coagulation-flocculation experiment. The highest turbidity and COD 

reduction were 59.2% and 48.3% respectively at optimum CASP dosage of 10g/L, 

flocculation time 120min and temperature 320K. The result of this study indicated that 

CASP could be utilized as a natural coagulant in the reduction of turbidity and COD in 
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high turbid wastewaters but not when high removal efficiencies are needed in such 

operations.  
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Introduction 

 

Increasing population of humans around the globe and the growth of science and 

technology has resulted in the establishment of many textile industries. A textile dye effluent 

usually contains strong colour, high total dissolved solids, high chemical oxygen demand and 

turbidity. The most polluted wastewaters are usually generated from the dye-houses of textile 

industries [1]. The textile industry is facing a great challenge in the disposal and treatment of 

wastewaters generated. Often, effluents from various industries have high levels of turbidity 

and needs to be treated by coagulation-flocculation processes in order to reduce the turbidity 

[2]. A lot of coagulants and flocculants have been widely applied in the treatment of industrial 

effluents. The materials are mainly classified into synthetic organic polymers (such as 

polyacrylamide derivate and polyethylene imine), inorganic coagulants (aluminium and iron 

based) and hybrid materials [3]. These three materials are very effective in the removal of 

turbidity from wastewaters [4]. Coagulation-flocculation is one of the most important treatment 

steps in wastewater treatment plants. Coagulation is the destabilization of particles in effluent 

and tends to overcome the factors that promote particles stability resulting in the formation of 

agglomerates or flocs [3]. Flocculation on the other hand is the process whereby destabilized 

particles are induced to come together forming larger agglomerates [5]. To achieve a desired 

level of water quality, the coast and availability of coagulating agents plays a major role. 

Synthetic organic polymers and aluminium salts are commonly used but these coagulants are 

often expensive which hinders their use in developing countries like Nigeria in the treatment of 

industrial effluents to minimize cost. Also, the high sensitivity of inorganic coagulants to water 

pH and the possibility of secondary contamination of receiving water bodies with traces of toxic 

synthetic polymeric coagulants or residual iron and aluminium ions are the main disadvantages 

of using these coagulants [6]. The residual aluminium ions in treated waters have been reported 

to be responsible for Alzheimer’s disease [7]. Furthermore, due to the non-biodegradability of 

synthetic polymers, the sludge formed in water treatment plants during flocculation-coagulation 
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has limited potential for recycling [8]. Therefore, low cost coagulants with efficient and 

biodegradable potentials are required to be applied in coagulation-flocculation processes. This 

has led to the search and growing interest in the use of natural and food grade coagulants from 

renewable and relatively low cost materials [9]. The natural coagulants which are mainly 

polysaccharides and proteins are considered eco-friendly in comparison with inorganic and 

organic coagulants because of their accessibility and biodegradability [10]. The use of various 

natural coagulants for efficient treatment of water and wastewater has been widely reported 

recently [11]. Some of the natural coagulants that have been utilized include; Hibiscus 

esculentus seed pods [8], Moringa oleifera seed [12], plantain peel ash extract [13], Cactus 

latifera and seed powder of Prosopis juliflora [14], Plantago ovata extract [9], Surjana seed, 

maize seed and chitosan [2], chestnut and acorn [15] and Cassia angustifolia seed gum [16].  

 However, despite the abundance of Citropsis articulata in West Africa and Nigeria in 

particular, a thorough literature search revealed a lack of information on the use as a coagulant 

for wastewaters. Citropsis articulata was chosen due to its abundance and can be utilized as a 

low cost biodegradable coagulant for treatment of contaminated effluents in the available region 

if found to be effective. In this regard, this study reports for the first time the use of Citropsis 

articulate seed powder as natural coagulant in the reduction of turbidity of polluted water. The 

aim of this research was to investigate the potential of Citropsis articulata seed powder as a 

natural low cost bio-coagulant for textile effluent. 

 

Materials and Methods 

 

Preparation of natural coagulant 

 

Citropsis articulata fruits were purchased from Ogbete, market, Enugu State, Nigeria. 

The fruits were sliced opened by the use of a stainless steel laboratory knife. The seeds were 

removed, washed clean with distilled water and sundried for two weeks. The shells of the seeds 

were removed; de-shelled seeds were further broken down into smaller parts, sundried for two 

weeks, dried further in an oven at 700C and then pulverized by the use of a laboratory electric 

blender. About 250g of the crushed seeds were packed in a thimble and placed in a soxhlet 

extraction apparatus. 600ml of n-hexane was used to extract the oil from the pulverized seeds 

in the column. The extraction was left for 7 hours and stopped when complete. The obtained 
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cake was washed with distilled water to remove residual n-hexane present, dried in an oven till 

a constant weight and the sieved through a 200µm mesh sieve to obtain Citropsis articulata 

seed powder (CASP). The CASP was used as the natural coagulant in this study and stored in 

a pre-treated air tight container. 

 

Textile effluent collection and characterization 

 

The textile effluent was collected from the effluent channel of a textile industry located 

in Ibadan, Oyo State, Nigeria. The samples were placed in pre-treated sample bottles and placed 

in an ice box to preserve the characteristics of the wastewater. The bottles were first rinsed with 

the sample of the effluent before collection. The physicochemical characteristics of the 

collected textile effluents were determined by standard methods [17], with the use of analytical 

grade chemicals obtained from sigma-Aldrich. Heavy metal concentration in the in the effluent 

was determined by the use of the Atomic Absorption Spectrophotometer (AAS) (Buck 

Scientific Model 210VGP). Turbidity of the effluent was measured by a turbidity meter (HACH 

Model-2100, USA) and was expressed in nephelometric turbidity units (NTU). The pH was 

determined by the use of a pH meter (DELTA 320 Model).  

 

Algorithm of coagulation experiment 

 

The coagulation-flocculation experiment was carried out using the standard jar test 

apparatus. The flow chart showing the coagulation-flocculation process of the bio-coagulant 

for textile effluent treatment is shown in Figure 1. Standard 500mL beakers were used to study 

the effect of coagulant dose, flocculation time and temperature on coagulation. To study the 

effect of coagulant dosage, the textile effluent was treated with different doses of CASP (2.0, 

4.0, 6.0, 8.0, 10.0 g/L) at the natural effluent pH of 8.4, flocculation time 120 min and 

temperature 300K. This was performed by adding each dose of CASP to each of the beaker 

containing 250mL of the effluent and the jars were then placed in the jar test kit with the stirrers 

lowered into each. The stirring speed was set at 150rpm for rapid mixing for 2 min and 70rpm 

for slow mixing for 10 min followed by 120 min of settling. The supernatant sample was then 

withdrawn by a syringe from approximately 2cm below the liquid level for analysis for COD 
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and turbidity. From the results obtained, the dosage of CASP with highest reduction of COD 

and turbidity was selected for subsequent experiment.  

The effect of flocculation time was studied by treating the textile effluent with 10g/L 

dosage of CASP at effluent pH 8.4 and temperature 300K following the same procedure in the 

jar test experiment above. However, the settling time was varied (15, 30, 45, 60, 75. 90, 105, 

120 min). To determine the influence of temperature on coagulation, the effluent was treated 

with 10g/L dosage of CASP, effluent pH 8.4, flocculation time 120 min but varying the 

temperature (300, 305, 310, 315, 320K) using a thermo-stated water bath. The jar test procedure 

outline above was followed. The natural pH of the effluent was maintained by the addition of 

0.1 M NaOH or 0.1 M HCl when required. At the end of the coagulation-flocculation 

experiment, the supernatant were analysed for turbidity and COD. These parameters were 

determined before and after the experiment. All experiments were conducted in duplicate to 

ensure reproducibility of the results and the mean value calculated. The Turbidity or COD 

percentage reduction was calculated from the Eq. (1): 

% Reduction = [(A0-A)/A0]100      (1) 

Where: A0 - the initial turbidity (NTU) or COD (mg/L); A - the final values obtained. 

 
Figure 1.  Flow chat of the coagulation-flocculation process 

 

Results and Discussion 

 

Physicochemical characterization of textile effluent 

 

The result of the characterization and heavy metal concentration of the textile effluent 

is presented in Table 1.  

Table 1. Physicochemical characterization and heavy metal composition of the textile effluent 

Parameter Value WHO Limits 

pH 8.4 6.5-8.5 

Temperature (0C) 31.1 <40 

Colour Brown Colourless 

Coagulant 

preparation 

Effluent 

collection 

Coagulant 

+ Effluent 
Coagulation 

process 
Flocculation/ 

sedimentation 

 

Supernatant 

analysis 
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Turbidity (NTU) 254.7 5 Max 

EC (µS/cm) 3174.3 1400 Max 

DO (mg/L) 3.01 >5.0 

BOD (mg/L) 728.2 15-50 

COD (mg/L) 1402.7 40-250 

TDS (mg/L) 2824.1 500-1500 

Calcium 1503.6 75-200 

Magnesium 1641.9 30-150 

TH (mg/L) 1007.8 100 

TA (mg/L) 692.7 100-500 

Chloride (mg/L) 278.5 600 

Sulphate (mg/L) 678.4 200-600 

Fe 48.21 1.0 

Zn 6.48 5.0 

Cu 8.13 1.0 

Mn 4.28 0.1 

Ni 1.08 0.05 

Cd 0.74 0.005 

Cr 2.32 0.05 

Pb 0.34 0.05 

 

It was clearly seen that all the parameters of the textile effluent except the pH, 

temperature and chloride exceeded the standard permissible limit recommended by the World 

Health Organization (WHO) [18]. The high value of contamination of the textile effluent is due 

to the use of a wide range of various chemicals such as dextrin, waxes, starch, gums, glucose, 

pectin, acetic acid, fatty acid, alcohol, soap, detergent, sodium hydroxide, chlorides, sulphites, 

sulphides, sulphates, carbonates, dyes, pigments, methyl cellulose, resins, fluorocarbons, 

silicones, peroxides, gelatines etc. in wet processes of the textile industry [2]. Similar result has 

been reported previously [19, 20].  

pH is a simple but very important parameter as chemical reactions in most aquatic 

systems are affected by its changes. The pH of the textile effluent was however within the WHO 

permissible limit for wastewaters [18]. pH is also known to have an indirect effect on health as 

it affects the removal of viruses, bacteria and harmful microorganisms [21]. The alkaline nature 

of the textile effluent is due to the materials utilized in the textile effluent such as soap 

detergents and NaOH.  

The temperature of an effluent is also very important as it controls the behavioural 

characteristics of organisms as well as the solubility of salts and gases in water [22]. 

Biochemical reactions of aquatic organisms depend on temperature and increase in temperature 
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of water promotes chemical interactions due to insolubility of gases like oxygen, resulting in 

bas odor or taste [23]. It has been reported that textile and other dye wastewaters are produced 

at relatively high temperatures [20]. However, the temperature of the textile effluent was within 

the WHO standard recommended range [18, 20, 21].  

Turbidity is an optical determination of the clarity of water. Turbid water will appear 

cloudy, murky or collared, affecting the physical look of the water. The brown colour observed 

for the textile effluent indicated clearly the turbidity of the effluent. Suspended solids and 

dissolved collared materials reduce the clarity of water by creating a muddy appearance. 

Turbidity measurements are often used as an indication of water quality based on the clarity 

and suspended solids in the water [24]. Turbidity results from the presence of suspended 

sediments such as clay, silt, inorganic matter, organic materials such as plankton, algae and 

decaying materials. In addition to suspended materials, turbidity also includes collared 

dissolved organic matter, fluorescent dissolved organic matter and dyes [25]. Therefore, since 

turbidity reveals to a great extent the pollution index of any water or wastewater it was chosen 

and analysed in this study to investigate the potential of CASP as coagulant for the effluent. 

The turbidity of the textile effluent obtained far exceeded the maximum recommended level by 

WHO [18, 26]. And fell in the range (>150NTU) reported for high turbid water [26]. This 

indicated that the textile effluent is highly polluted. The high Electrical Conductivity (EC) 

obtained is due to the low Dissolve Oxygen (DO) of the textile effluent [21].  

DO is also one of the most important measure of water quality as hydrogen sulphide is 

formed in conditions of deficient oxygen in the presence of sulphate and organic matter [22]. 

The DO level of the textile effluent was below the recommended WHO limit indicating an 

unsuitable water which could be harmful to aquatic lives when discharged into receiving water 

bodies. The Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) 

inversely affects the DO, the low DO recorded was due to the very high BOD and COD values 

obtained. The BOD test provides information on the total amount of microorganisms present in 

the effluent and the nutrients available for them [21]. The BOD is an indication of organic load 

in the effluent as indicated by the high values of Total Dissolved Solid (TDS) obtained [27]. 

The COD is a measure of the capacity of water to consume oxygen during the decomposition 

of organic matter as well as the oxidation of inorganic materials such as ammonia and nitrate. 

COD does not measure the oxygen-consuming potential associated with certain dissolved 

organic compounds such as acetate unlike the BOD. The COD however reveals the pollution 
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index of most industrial effluent than the BOD as the latter only measures the amount of oxygen 

consumed by microbial oxidation. In this regard the COD was also selected and analysed to 

evaluate the potential of CASP as natural coagulant for the textile effluent.  

 The main ions responsible for water hardness are the presence of calcium and 

magnesium and the occurrence of smaller quantities of manganese, iron, strontium and 

aluminium [28]. As observed from Table 1, the concentration of calcium, magnesium and iron 

(Fe) in the textile effluent was 1503.6, 1641.9 and 48.21 mg/L respectively and these values 

greatly exceeded the standard permissible limit prescribed by WHO [18, 21]. The high 

concentration of the ions resulted in the high value of Total Hardness (TH) of 1007.8 mg/L 

which exceeded the WHO permissible limit of 100 mg/L [22]. The high value of the TH 

recorded can lead to scale formation in some industrial plants and difficulty of soap to form 

lather during cleaning processes. The Total Alkalinity (TA) of 692.7 mg/L was slightly higher 

than the WHO permissible range of 100-500 mg/L [21] and must have resulted from the of 

some alkaline substances in textile operations. Chloride concentration of 278.5 mg/L was 

within the WHO maximum permissible limit while that of sulphate was higher than the 

recommended limit [18].  

 The effluent was also assessed for heavy metals concentration (Table 1). The heavy 

metals Fe, Zn, Cu, Mn, Ni, Cd and Pb were all above the WHO recommended standard 

permissible range [18, 21,22].  It has been reported that one of the major problems associated 

with textile effluent is the high concentration of metal ions arising from high amount of 

materials used in the dyeing process from metal containing dyes [20]. The heavy metals are 

toxic at certain concentrations to living organisms, persistent in nature, non-biodegradable and 

bio-accumulate in food chain resulting in various illnesses to living organisms and humans [29].  

 

Effect of CASP dosage on coagulation 

 

The dosage of coagulant represents one of the most important factors to be considered 

in order to determine optimum conditions for the use of a coagulant in coagulation-flocculation 

experiments. The use of overdose or insufficient amounts of the coagulants can result in 

inefficient performance of the coagulant in the process [30]. It is therefore significant to 

establish the optimum dosage so as to minimize the cost of dosing and the sludge formation in 

order to obtain optimum coagulating performance [2]. The influence of the dosage of coagulant 
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(CASP) on the percentage reduction of turbidity and COD from the textile effluent is presented 

in Figure 2. 

 
Figure 2. Effect of CASP dosage as natural coagulant for textile effluent 

 

From the result, an increase in the percentage reduction of both turbidity and COD with 

increase in dosage of CASP from 2.0-10.0 g/L was recorded. COD had higher percentage 

reduction at lower doses of CASP but that of turbidity became higher at higher doses of 8.0-

10.0 g/L. At the highest dosage of 10 g/L used in this study, percentage reduction of 47.3 and 

36.4 were obtained for turbidity and COD respectively. The coagulation process is basically a 

surface phenomenon; therefore coagulation performance can be significantly affected by the 

surface charge due to the mass of the coagulant used [9]. Therefore the increase in the 

percentage reduction of turbidity and COD with increasing dosage of CASP is due to increase 

in surface charge for destabilization of the colloid suspension favouring flocculation process. 

The result of this study is however contrary to that of some researchers in which an initial 

increase in percentage reduction followed by a decrease with increase in coagulant dose was 

obtained [2, 9, 30]. The reason in their cases was attributed to the fact that calcium ions in 

solution can form complexes with certain inorganic groups on the coagulant and on the particle 

surfaces. As a result, the presence of excess coagulant made the suspended particles positively 

charged causing mutual repulsion. Therefore further increase in coagulant dose resulted in the 

re-dispersal of flocs and the rise in turbidity [9, 31]. This implies that the steady increase in 

percentage reduction in this experiment indicated that CASP was not in excess and hasn’t 

reached the optimum. This may be due to the very high turbidity of 254.7NTU and COD of 

1402.7 mg/L when compared to those of other reports [9, 30, 26]. However, the dosage was not 
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increase any further since it is expected that an efficient coagulant should have attained an 

optimum when such high doses of 10g/L is used.  

 

Influence of flocculation time 

 

The flocculation time which is the time required for formation and settling of the macro 

flocs is an important parameter given due consideration in an effluent treatment plant involving 

coagulation-flocculation processes. This is because the settling time of the flocs affects the 

overall cost as well as the efficiency of the process and is useful in design of a coagulation-

flocculation treatment plant. The result for the effect of flocculation time on the percentage 

removal of turbidity and COD using CASP as coagulant is shown in Figure 3.  

 
Figure 3. Effect of flocculation time on the use of CASP as natural coagulant for textile 

effluent 

 

It was observed in Figure 3 that a steady increase in the percentage reduction of turbidity 

and COD with increase in flocculation time was recorded after which it became constant at 

equilibrium. The COD had a slow rate of reduction at the initial time but increased rapidly in 

the latter stages attaining equilibrium at 75 min. However, turbidity reduction attained 

equilibrium at 90 min of the flocculation experiment. The initial increase was attributed to the 

coming together, formation and settling of the flocs which progressed with time attaining 

equilibrium beyond which no significant formation or settling of flocs was achieved. At 

equilibrium it is believed that maximum flocs formation and settling has been achieved. A 

flocculation time of 120 min was selected and utilized in this study to ensure equilibrium 
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flocculation time was achieved for all the experiments for COD and turbidity reduction. Similar 

results have been reported elsewhere [32, 33].  

 

Effect of temperature on coagulation 

 

Temperature is also an important factor that affects the coagulation, flocs formation as 

well as settling coagulation-flocculation experiments. In this regard, the effect of temperature 

on the coagulation-flocculation performance of CASP was investigated in this study.  

Figure 4 showed the influence of temperature on the percentage reduction of turbidity 

and COD from textile effluent using CASP as natural coagulant.  

 
Figure 4. Effect of temperature on the use of CASP as natural coagulant for textile effluent 

 

An increase in the removal of both turbidity and COD with increase in temperature from 

300 to 320K was obtained. This indicated that the coagulation process is endothermic in nature 

and high temperatures favour the process. However, due to the increasing in cost of maintain 

higher temperatures in coagulation-flocculation treatment process, the room temperature of 

300K was maintained in the experiments in this study. Similar coagulation-flocculation 

temperature effect has been reported in the destabilization of cutting oil emulsions using 

inorganic salts as coagulants [34].  

 

Conclusion 

 

The physicochemical and heavy metal analysis of the textile effluent showed a highly 

polluted wastewater in which the parameters exceeded the WHO recommended permissible 
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limits, except the pH, temperature and chlorides which were within the limits. An increase in 

the percentage reduction of turbidity and chemical oxygen demand with increase in coagulant 

dose, flocculation time and temperature was recorded. Importantly, the Citropsisarticulata seed 

powders used as natural coagulant recorded highest percentage reduction of turbidity and COD 

of 59.2% and 48.3% respectively at coagulant dosage of 10mg/L and temperature of 320K. 

However, at room temperature of 300K the optimum reduction of turbidity and COD was 47.3 

and 36.4% respectively. Although the turbidity and COD of the textile effluent was very high, 

the use of such high dose (10g/L) of the coagulant did not establish a percentage reduction of 

60% for both turbidity and COD. This suggested that Citropsisarticulata could only be utilized 

in the reduction of turbidity and COD in high turbid waters but not an alternative to highly 

efficient commercial coagulants like alum.  
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