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 A study was conducted to investigate the efficiency of coagulation and flocculation 

process for removing colour from domestic wastewater sample from Juru Regional 

Sewage Treatment Plant in Penang, Malaysia. Two types of coagulant namely copperas 
by-product and analytical ferrous sulfate were studied using jar test apparatus. Result 

indicated that analytical ferrous sulfate and copperas by-product produced similar 

percentage of colour removal which was 80% and 73% at concentration condition of 
200mg/L for analytical ferrous sulfate and 150mg/L for copperas by-product with the 

same optimum pH of 9. Thus, the result from this study proved that copperas by-

product has the same potential with analytical ferrous sulfate in removing colour and 
can be an option of using this by-product as coagulant instead of dumping it at landfill 

that might be costly. 
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INTRODUCTION 

 

 Human and environmental health have been protected by designing wastewater collection system like sewer 

network , centralized and decentralized treatment systems. Though their benefits are widely recognized, there 

are other aspects of this infrastructure and associated technologies that are not so obvious, hence less 

acknowledged then impact the communities and the surrounding environment [1]. Increasing of human demands 

and climate change impacts make the world becoming more scarce when the fresh water for human needs is a 

precious natural resource [2]. Besides, the hygienic quality of wastewater is important if it is going to be reused 

in household or industry, agriculture and a certain threshold level must a adhered to if the receiving waters of a 

sewage treatment plant are to be used as bathing water or for aquatic sports and fishery [3]. 

 Iron salts and aluminium are widely used as coagulants in water and wastewater treatment and in some 

applications. They are very effective in removing colloidal particles, dissolved organic substances and a broad 

range of impurities from water. They generally act in the mode of two distinct mechanisms which are charge 

neutralization of negatively charged colloids by cationic hydrolysis products and incorporation of impurities in 

an amorphous hydroxide precipitate called sweep flocculation [4]. Lopez-Maldonado in 2014 [5] reported that 

polymeric flocculants, polycations have been used in order to improve the solid and liquid separation process. 

 Coagulation and flocculation has always been considered to treat high removal efficiency of removals in 

wastewater treatment [6]. This method is used to remove the high concentration of organic pollutants, heavy 

metals, and some anions during water and wastewater treatment. Coagulation followed by flocculation is an 

effective means of removing the high concentration of organic pollutants. Aluminum and ion salt coagulants are 

widely used to remove humid substances from water [7]. Removing colour with coagulant is common technique 

for water purification, where coagulants have been used for decades to reduce both turbidity and colour [8]. 

 

 

 

 

Methods: 
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 Domestic wastewater was collected from a Juru Regional Sewage Treatment Plant at Juru, Penang, 

Malaysia from April to July 2014. Samples were collected from one of the oxidation ditch and filled in the 

container, transported to the laboratory and stored at 5ºC. Domestic wastewater sample was analyzed for pH, 

Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), colour, turbidity, ammonia, 

suspended solids, phosphorus, total organic carbon, hardness, alkalinity, zeta potential and Total Kjedahl 

Nitrogen(TKN) according to the Standards Methods for the Examination of Water and Wastewater (2005). 

Sample was removed from the refrigerator and was placed about 2 hours at room temperature to set it at ambient 

temperature. 

 Jar test apparatus (Jar Tester Model JLT6) comprising six paddle rotors were used to perform the 

coagulation studies in this experiment. Diluted hydrochloric acid and sodium hydroxide were used to adjust the 

pH. A pre-determined concentration of analytical ferrous sulfate and copperas by-product was added to the 

optimum condition of sewage at pH9. Initial rapid mixing stage for all experiments was 3 min at 200rpm, 

followed by slow mixing stage for 30 min at 40rpm. The final gravity settling stage lasted for another 30 min 

before sampling. The supernatant were withdrawn from the point located about 2 cm below the liquid level 

using a 60mL plastic syringe to determine the colour removal. The pH was measured by the pH meter 

(Cyberscan 20) and colour was assayed at 455nm by using DR 6000 HACH spectrophotometer. Platinum-cobalt 

(PtCO) was the unit for colour produced by 1mg platinum/L in the form of chloroplatinate ion.  Both tests were 

according to Standard Methods for the Examination of Water and Wastewater (2005). The removal efficiency 

was obtained by using the following formula:  

Removal (%) = [(Ci−Cf)/Ci] × 100            (1) 

 where Ci and Cf are the initial and final concentrations of pollutant. 

 

RESULTS AND DISCUSION 

 

Characteristics of raw sewage: 
Table 1: The characteristics of raw sewage from oxidation ditch at Juru Regional Sewage Treatment Plant, monitoring for four months in 
2014. 

Parameter Value Standard A* 

Ph 6.3-6.81 6.0 - 9.0 

COD (mg/l) 131-200 120 

BOD at 20°C (mg/l) 17.0-51.3 20 

Turbidity (NTU) 41.6-78.6 - 

Colour (PtCO) 519-757 - 

Ammoniacal Nitrogen (mg/l) 17.8-23.25 10 

Suspended solids (mg/l) 65-110 50 

Total Organic Carbon (mg/l) 33-54 - 

Hardness 78.5 - 101 - 

Alkalinity 112 - 195 - 

Total Nitrogen (mg/l) 15.23 - 26.66 - 

Phosphorus (mg/l) 5.7-8.4 5 

Standard A* of the Environmental Quality (Sewage and Industrial Effluents) Regulations 1979, under the Environmental Quality Act of 

Malaysia, 1974. 
 

 This study focuses on the removal of colour for domestic wastewater.  This site generated sewage from the 

surrounding residential areas and factories. This sewage treatment plant has been operated for four years and 

already in stable condition. Colour of wastewater usually from the presence of organic matters that associated 

with suspended solids and turbidity [9]. The result of raw sewage was shown as in Table 1. The objective of this 

research was to investigate the efficiency of coagulation and flocculation processes for the removal of colour 

from one of the sewage treatment plant using two types of coagulants. 

 

Characteristics of coagulants: 

 Coagulants used in this research were copperas by-product and analytical ferrous sulfate. Copperas was a 

by-product from ilmenite processing factory. In this experiment, it was to compare its performance in treating 

domestic wastewater with the standard analytical ferrous sulfate by coagulation and flocculation process. Figure 

1 shown the result for isoelectric point (IEP) test for both coagulants. IEP is the pH at which a particular 

molecule or surface carries no net electrical charge. Amphoteric molecules called zwitterions contain both 

positive and negative charges depending on the functional groups present in the molecule.  The net charge on 

the molecule is affected by pH of their surrounding environment and can become more positively or negatively 

charged due to the loss or gain of protons (H
+
). IEP is normally the point where the colloidal system is least 

stable. A typical pattern graph curve usually positive at low pH and negative at high pH. According to Figure 1, 

both coagulants did not cross zero zeta potential which means their charges were all negative. In this condition, 

if more alkaline was added to this suspension then the particle will tend to acquire a more negative charge. If 

acid is then added to this suspension, a point will be reached where the negative charge is neutralized. 

http://www.wikipedia.org/wiki/Protons#In_Physics_and_biochemistry
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Fig. 1: IEP result for analytical ferrous sulfate and copperas by-product. 

 

 Table 2 shown characteristics of analytical ferrous sulfate and copperas by-product. Both coagulants 

indicated the same values of pH.. The reading of chemical oxygen demand (COD), zeta potential, specific 

surface area, surface and volume weight mean for both coagulants also similar. All the parameters were 

measured using the same concentration of 50 000mg/l of coagulant solutions. These characteristics confirmed 

that both coagulants have the same physical characteristics and the performance was test through this 

experimental research via colour removal. 

 
Table 2: Characteristics of coagulants. 

Parameter Analytical ferrous sulfate Copperas by-product 

pH 3.0 2.95 

Specific surface area (m²/g) 0.741 0.931 

Surface wt. mean (µm) 8.102 6.448 

Vol. wt mean (µm) 10.193 8.088 

COD (mg/l) 1570 1532 

Zeta Potential -7.3 -7.5 

 

 
 

Fig. 2: Pattern of colour removal for analytical ferrous sulfate and copperas by-product at pH4 to pH9. 
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 The influence of pH on the changes of colour was investigated by adjusting the pH and fixed an amount of 

10mg/l concentration coagulant into the samples. Range of pH between pH4 to pH9 was chosen as tested range. 

This range was the allowable standard discharge range as stated in Environmental Quality Regulations 1979 for 

sewage discharge. Lower removal was obtained from pH4 to pH8 for analytical ferrous sulfate but became 

highest at pH9 (Figure 2). Different with the copperas, removal from pH4 to pH9 created the same pattern, not 

really significant compared to analytical ferrous sulfate. At pH9 analytical ferrous sulfate indicated the best 

removal among others. It was concluded that optimum pH for colour removal was at pH9 for both coagulants.  

pH variation plays an essential role in the coagulation process [10].  pH also affects the charge on hydrolysis 

product and precipitation of metal hydroxide [11]. Besides that, pH also bring impact towards the surfaces 

charge of the coagulant and the suspension’s stabilization. So the pH should be adjusted to the optimum point, 

so that the coagulation will be more efficient, which enable the colloids or flocs to coalesce, thus will promote a 

better result in decolorization removal. 

 

Effect of dosage on colour removal: 

 The influence of difference dosage of coagulants at optimum pH9 for the removal of colour was further 

investigated.  Result in Figure 3 showed that the colour removal increased with an increase in coagulant dosages 

until it reached an optimum value and then they started to decrease. At zero dosage, both coagulants performed 

the same condition of colour removal (38%) but after that they created their own pattern until they reached their 

zero percentage removal. Aziz in 2007 stated that this could be attributed by the restabilization of colloidal 

particulates when coagulants were used at dosages in excess of the optimum value. Analytical ferrous sulfate 

noted the optimum at 200mg/l and copperas by-product noted its optimum at 150mg/l. However both optimum 

conditions indicated the similar percentage of colour removal which 80% and 73% respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Pattern of colour removal with different concentration of coagulant for copperas by-product and  

analytical ferrous sulfate. 

 

Conclusion: 

 It could be concluded that pH9 was the optimum pH value for colour removal by coagulation and 

flocculation treatment process. Analytical ferrous sulfate was better coagulant in treating colour compared to 

copperas by-product but with the higher dosage in terms of removal. However, both coagulants can be 

concluded that having the same performance in removing colour according to the optimum condition of pH and 

dosage. Since copperas was a by-product from ilmenite processing, it can be an alternative in reducing dumping 

cost at landfill and the price surely must be cheaper than standard analytical ferrous sulfate. 
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