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Abstract 

The algae bloom in river has been issued in Korea. In order to alleviate treatment load 

of water treatment plant and to meet water treatment capacity of the plant, a high-speed 

algae pretreatment methods connected with water intake pipe are required. In this study, 

a pilot-scale of pretreatment system was tested. It was consisted of coagulation and 

electro flotation processes. The algae pretreatment efficiency by the comparisons of 

chlorophyll-a, nutrients (total nitrogen, total phosphorous), and chemical oxygen demand 

(COD) concentration was evaluated. As a result, the system showed about 45% of 

removal efficiency by the only flotation separation without coagulation judged by 

chlorophyll-a concentration. On the other hand, the removal efficiency was improved with 

increase of coagulant dosage and electric power. It was improved to about 80% of 

chlorophyll-a concentration. The system could treat algae containing solution within a 

few minutes on the basis of residence time of flotation tank. Consequently, this study 

suggests that the system could be used as an algae pretreatment step in water treatment 

process. 
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1. Introduction 

The algae bloom is a massive increase of harmful algae caused by eutrophication in the 

stagnated water bodies such as lake and reservoir. Algae not only causes taste and odor in 

drinking water, but threatens the public health by discharging harmful toxins such as 

Microcystin-LR [1]. On the other hand, algae bloom in rivers recently has been issued 

also in Korea as well as the water bodies. This comes from the increase of residence time 

of river water due to the construction of dams inside river, and from the high rate of 

dependence of water intake on river water. To reduce the treatment load of water 

treatment plant (WTP) due to the river algae bloom, it is necessary to develop control 

methods connected with water intake pipe. Because the pipe was operated with a high 

water velocity to meet a treatment capacity of a WTP, a more rapid pretreatment method 

than conventional coagulation and pre-oxidation systems are required. 

The electro-coagulation and flotation (ECF) process has been investigated for algae 

control [2]. This process has advantages of less chemical dosage and no pH adjustment 

[2-7], however, it needs relatively long electrolysis time. This is because metal ions need 

time to flow out from the sacrificial electrode, which are required to facilitate a cohesive 

reaction by maintaining charge neutralization around the algal cells. S. Gao et al. (2010) 
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obtained an optimal electrolysis time of 30 minutes on condition of 1 mA/cm
2
 of current 

density. Besides, the same goes for other target compounds as well as algae. A.H. Mahvi 

et al. (2011) presented the electrolysis time of 20 minutes for ammonia and 40 minutes for 

phosphate. In addition, M.M. Emamjomeh et al. (2009) suggested 40 minutes of 

electrolysis time for nitrate reduction [10-15]. Since their experiments were conducted 

with the sacrificial electrode in the lab-scale electro coagulation (EC) system, it was 

necessary to secure a sufficient electrolysis time. However, it is not reasonable to apply 

the EC process as an algae pretreatment process connected with water intake pipe of 

WTP. It is necessary to consider more rapid pretreatment method. 

This study focused on the high-speed algae pretreatment method. To reduce the 

electrolysis time, a coagulation combined with electro-flotation (EF) process was studied 

instead of the EC process. A pilot scale of pretreatment system was tested to control the 

harmful algae in river water. 

 

2. Material and Methods 
 

2.1. The High-Speed Algae Pretreatment System 

Figure 1 shows the pilot scale of algae pretreatment system, which was composed with 

coagulation and EF processes. The system was designed to treat 100 m
3
/day of raw water, 

and was installed in a WTP located around the Nak-Dong river basin in Korea. The 

influent was dosed with a coagulant, and was contacted with micro bubbles created from 

the EF system.  

The EF system has two separated reaction modules. Each reaction module has a set of 

electrode for the reaction inside of a flotation tank. The electrodes were made of platinum, 

and the efficient area per electrode was 25 cm
2
. The operating condition for current 

density was 20 mA/cm
2
. In addition, each flotation tank has a volume of around 0.08 m

3
. 

The supernatant algae scum was overflowed to the upper drain. Table 1 summarizes the 

specifications of the electrode. 

In this study, the influent was tested with a capacity of 17.5 m
3
/day. The EF system 

was operated in condition of around 4.5 minutes of residence time based on the flotation 

tanks. 

 

 
(a) 
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(b) 

Figure 1. The High-Speed Algae Pretreatment System for WTP Influent: (A) 
A Front View of the EF System, (B) P&ID of the System 

 Table 1. Specifications of the Flotation Electrode 

Item Specification 

Material 

Efficient area 

Electrode interval 

Electrode number 

Current density 

Connection method 

Platinum 

25 cm
2
/ea. 

3 mm 

10 electrodes/set 

20 mA/cm
2
 

Bipolar 

 
2.2. Coagulation 

As a coagulant to accelerate coagulation between algae cells, 17 % of the powdered 

potassium aluminum sulfate (alum) was used. The solution of the alum in water was 

supplied to pipe before EF reaction modules. The coagulant dosage was modulated by 

regulating the chemical supply pump. 

 

2.3. The Algae Pretreatment Efficiency 

The algae pretreatment efficiency of the high-speed EF system was analyzed by the 

comparisons of chlorophyll-a, total nitrogen (T-N), total phosphorous (T-P), and chemical 

oxygen demand (COD) concentration between raw water and the treated water. 

Furthermore, the effect of electric power and coagulant dosage was evaluated by changing 

the operating conditions. The electric power has a range of 20-280 W, and the coagulant 

dosage was 0-25 ml/min. The algae pretreatment efficiency was expressed as eq. (1). 

              (1) 

where, Rp is the algae pretreatment efficiency (%), Ci means influent 

concentration, and Ce indicates effluent concentration on target compound. 

 

3. Results and Discussions 
 

3.1. The Influence of Electric Power Changes 

Figure 2 shows the chlorophyll-a concentration by the changes of electric power. 

The influent concentration (Ci) was described with raw water concentration. The 

effluent concentration (Ce) was the treated water of each electric power. The 
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calculation results of the pretreatment efficiency (Rp) for each water quality index 

was summarized in Table 2. It was observed that the effluent concentration was 

decreased as the increase of electric power. According the Table 2, the pretreatment 

efficiency of chlorophyll-a concentration was about 40% in the 20W electric power 

conditions. With increase of the electric power to 110W, removal efficiency was 

changed little. And then, it was observed that the efficiency was increased to about 

50% in the 190 W electric power condition and about 65% in the 280W electric 

power condition compared to raw water.  

Figure 3 shows the nutrient concentration changes by electric power. The T-N 

concentration showed little changes in spite of the electric power increase. The 

overall pretreatment efficiency was below 10% of raw water concentration. On the 

other hand, the T-P was effectively removed by the increase of electric power. The 

pretreatment efficiency of T-P concentration was about 47% in 20W electric power 

conditions. As increase of the power, it was enhanced to 67% in 280W conditions. 

As T-N compound has lower pretreatment efficiency than T-P compounds, it was 

supposed that the electric power has little influence on the low coagulation 

efficiency. As a result, the algae removal could be improved by the increase of 

micro bubble quantity due to the electric power change. The fast flotation reaction 

by the bubbles could support the efficient removal of algae aggregates and nutrients.  

Figure 4 shows the results of COD changes by electric power. As increase of 

electric power, the pretreatment efficiency gradually enhanced. The pretreatment 

efficiency was about 20% in the condition of 55W of electric power. The efficiency 

was slightly decreased to 11% at 100W condition. And then, it was increased to 

26% in 280W condition. The average pretreatment efficiency was about 18%. The 

results lead the possibility of removal of organic matter as well as algae and 

nutrients. 

 

Figure 2. Chlorophyll-a Concentration by the Change of Electric Power 
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(a) 

 
(b) 

Figure 3. The Nutrients Concentration by the Change of Electric Power: (A) 
Total Nitrogen, (B) Total Phosphorous  

 

Figure 4. COD Concentration by the Change of Electric Power 
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Table 2. The Pretreatment Efficiency by Electric Power 

Electric power (W) Chl-a (%) T-N (%) T-P (%) COD (%) 

20 

55 

110 

190 

280 

average 

36.3 

39.7 

39.7 

48.2 

65.3 

45.8 

4.9 

3.5 

0.0 

6.3 

8.5 

4.6 

47.6 

47.6 

52.4 

52.4 

66.7 

53.3 

14.1 

21.1 

11.3 

18.3 

26.7 

18.3 

 

3.2. The Influence of Coagulant Dosage Changes 

Figure 5 shows experimental results by the changes of coagulant dosage. The 

calculated pretreatment efficiency (Rp) by coagulant dosage changes was presented 

in Table 3. According to the Table, the pretreatment efficiency of chlorophyll-a 

concentration was about 45% in the 0 ml/min of alum dosage. It means that the 

removal efficiency was not enough with the only EF system without coagulation. On 

the other hand, the pretreatment efficiency was improved with coagulation. As alum 

dosage was increased over 15 ml/min condition, the efficiency was enhanced to 

about 60%. In addition, the pretreatment efficiency was increased to about 80% 

compared to raw water condition in the 25 ml/min of coagulant dosage.  

Figure 6 shows nutrient concentration changes by coagulant dosage. The T-N 

concentration showed also little changes by the increase of coagulant dosage. 

However, the removal efficiency of T-P concentration was increased from 15% (0 

ml/min) to 60% (25 ml/min). As a result, it was supposed that a phosphorous ion has 

more strong cohesion than nitrogen ions due to the chemical composition of the 

alum.   

Figure 7 shows COD concentration by changes of coagulant dosage. The 

pretreatment efficiency of COD was increased up to 72% in condition of 15 ml/min 

of coagulant dosage. The efficiency was decreased to 4% in 20 ml/min condition, 

however, it showed that the average pretreatment efficiency was about 30%. The 

average efficiency is slightly higher than the average efficiency of COD by electric 

power (18%). 

 

Figure 5. The Chlorophyll-A Concentration by the Changes of Coagulant 
Dosage 
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(a) 

 
(b) 

Figure 6. The Nutrients Concentration by the Changes of Coagulant 
Dosage: (A) Total Nitrogen, (B) Total Phosphorous  

 

Figure 7. COD Concentration by the Changes of Coagulant Dosage  
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Table 3. The Pretreatment Efficiency by Coagulant Dosage 

Coagulant dosage 

(ml/min) 
Chl-a (%) T-N (%) T-P (%) COD (%) 

0 

5 

10 

15 

20 

25 

average 

45.3 

36.7 

34.7 

59.0 

63.3 

79.1 

53.0 

1.2 

5.8 

8.8 

4.7 

5.8 

12.3 

6.4 

14.5 

-22.4 

32.9 

43.4 

56.6 

60.5 

30.9 

-0.5 

26.1 

32.4 

72.5 

5.0 

42.8 

29.7 

 

4. Conclusion 

It is difficult to remove algae from influent, which have high concentration of it, using 

traditional water treatment methods. Therefore, a new technology is required to remove 

algae from highly concentrated influent to the WTP. 

This study evaluated algae pretreatment efficiency by the comparisons of chlorophyll-a, 

nutrients, and COD concentration between raw water and the treated water. As the 

increase of electric power and coagulant dosage, the removal efficiency was improved to 

about 80% (Chlorophyll-a) within a few minutes on the basis of a residence time of the 

flotation tanks. In addition, coagulant dosage changes have more significant effect to the 

pretreatment efficiency than electric power changes. It means that the efficient 

coagulation should be prerequisite prior to secure a suitable flotation capacity. 

This coagulation combined with EF system could be used as an algae pretreatment 

process at the previous step of water treatment process of WTP. 
 

Acknowledgments 

This research was supported by grant of the Nutrients removal technology for an eco-

friendly river system (20160171-001) of Korea Institute of Civil Engineering and 

Building Technology. 

 

References 

[1] World Health Organization, “Cyanobacterial toxins: Microcystin-LR in Drinking-water; Background 

document for development of WHO guidelines for Drinking-water Quality”, (2003). 

[2] S. Gao, J. Yang, J. Tian, F. Ma, G. Tu and M. Du, “Electro-coagulation-flotation process for algae 

removal”, Journal of Hazardous Materials, vol. 177, (2010), pp. 336-343. 

[3] D. Elke and W. Claudia, “Cyanobacterial toxins-occurrence, biosynthesis and impact on human affairs”, 

Mol. Nutr. Food Res., vol. 50, (2006), pp. 7-17. 

[4] J.D. Plummer and J.K. Edzwald, “Effect of ozone on algae as precursors for tri-halomethane and 

haloacetic acid production”, Environ. Sci. Technol., vol. 35, (2001), pp. 3661-3668. 

[5] H. Liang, W.J. Gong, J. Chen and G.B. Li, “Cleaning of fouled ultrafiltration (UF) membrane by algae 

during reservoir water treatment”, Desalination, vol. 222, (2008), pp. 267-272. 

[6] J.J. Chen, H.H. Yeh and I.C. Tseng, “Effect of ozone and permanganate on algae coagulation removal-

pilot and bench scale tests”, Chemosphere, vol. 74, (2009), pp. 840-846. 

[7] R. Henderson, S.A. Parsons and B. Jefferson, “The impact of algal properties and peroxidation on solid–

liquid separation of algae”, Water Res., vol. 42, (2008), pp. 1827-1845. 

[8] A.H. Mahvi, S.J.A. Ebrahimi, A. Mesdaghinia, H. Gharibi and M.H. Sowlat, “Performance evaluation of 

a continuous bipolar electrocoagulation/electrooxidation–electroflotation (ECEO–EF) reactor designed 

for simultaneous removal of ammonia and phosphate from wastewater effluent”, Journal of Hazardous 

Materials, vol. 192, (2011), pp. 1267-1274. 

[9] M.M. Emamjomeh and M. Sivakumar, “Denitrification using a monopolar electrocoagulation/flotation 

(ECF) process”, Journal of Environmental Management, vol. 91, (2009), pp. 516-522. 

[10] M. Paidar, I. Rousar and K. Bousek, “Electrochemical removal of nitrate ions in waste solutions after 

regeneration of ion exchange columns”, Journal of Applied Electrochemistry, vol. 29, (1999), pp. 611-

617. 



International Journal of Control and Automation 

Vol. 9, No. 9 (2016) 

 

 

Copyright © 2016 SERSC 253 

[11] A.S. Koparal and U.B. Ogutveren, “Removal of nitrate from water by electroreduction and 

electrocoagulation”, Journal of Hazardous Materials, vol. 89, no. 1, (2002), pp. 83-94. 

[12] D.C. Bouchard, M.K. Williams and R.Y. Surampalli, “Nitrate contamination of groundwater: sources 

and potential health effects”, American Water Works Association Journal, vol. 84, no. 9, (1992), pp. 85-

90. 

[13] B.U. Bae, Y.H. Jung, W.W. Han and H.S. Shin, “Improved brine recycling during nitrate removal using 

ion exchange”, Water Research, vol. 36, no. 13, (2002), pp. 3330-3340. 

[14] H. Bilidt, “The use of reverse osmosis for removal of nitrate in drinking water”, Desalination, vol. 53, 

no. 1-3, (1985), pp. 225-230. 

[15] J.N., Cevaal, W.B. Suratt and J.E. Burke, “Nitrate removal and water quality improvements with reverse 

osmosis for Brighton, Colorado”, Desalination, vol. 103, no. 1-2, (1995), pp. 101-111. 

 

Authors 

 

 
Youngmin Kim, he is major in Chemical and Biological 

Engineering, a Ph.D. candidate. 

Affiliation: Korea Institute of Civil Engineering and Building 

Technology (KICT),Researcher. 

 

 

 

 

Kwang-Ho Ahn, his major is Environmental Engineering.his 

Degree is Ph.D, Affiliation: Korea Institute of Civil Engineering 

and Building Technology (KICT), Positon: Researcher. 

 

 

 

 

 

Seog-Ku Kim, his major is Environmental Engineering 

Degree: Ph.D. Affiliation: Korea Institute of Civil Engineering and 

Building Technology (KICT), Positon: Senior Research Fellow 

 

 

 

 

 
Jae-Hwan Ahn, his major is Environmental Engineering 

Degree: Ph.D. Affiliation: Korea Institute of Civil Engineering and 

Building Technology (KICT), Positon: Research Fellow 

 

 

 

 

 

 Leen Yun, his major is Environmental Engineering.Degree: 

Ph.D. Affiliation: Korea Institute of Civil Engineering and 

Building Technology (KICT), Positon: Senior Researcher 



International Journal of Control and Automation 

Vol. 9, No. 9 (2016) 

 

 

254  Copyright © 2016 SERSC 

 


