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 In this research, three coagulants efficiency including Polyaluminum Chloride (PACL), 
Aluminum Sulfate (Alum) and Ferric Chloride were evaluated in turbidity removal of 

Karoun River water in Ahvaz city of Iran. For evaluating of the coagulants efficiency 

used from 11 different turbidity ranges from 0 to > 20000 NTU considering different 
turbidities of Karoun River water. The results showed that PACL and Ferric Chloride 

had the better results in turbidity removal in comparison with Alum. Besides, the 

efficiency of PACL was better than Ferric Chloride in turbidity removal of Karoun 
River in initial turbidity of > 6500 NTU. So, it was recommended to use form PACL in 

this conditions. 
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INTRODUCTION 

 

 Considering the increasing of population and the raise of water consumption in cities, it is important to 

provide treated water properly. Actually, the need for drinking water of high quality is increasing, as the non-

polluted water sources are continuously decreasing. Water treatment industry is among the most important 

industries in many countries such as Iran. Coagulation, flocculation, sedimentation, filtration and disinfection 

are the most common treatment processes used in the production of drinking water. Coagulation/flocculation 

processes are of great importance in solid-liquid separation practice [27,1]. The coagulation process is used to 

destabilize colloidal material in water by the addition of a chemical agent. It requires rapid mixing to quickly 

disperse the coagulant and subsequently flocculation process. Flocculation is the formation of aggregates of the 

destabilized colloids and requires gentle mixing to allow effective collisions between particles to form heavy 

flocs, which can be removed from water by settlement [1]. Nowadays by using usual salts of Iron and aluminum 

a new group of coagulants named inorganic polymers have been produced and used in many countries of the 

world especially China, Japan, Russia and Western European countries [26,12]. Many kinds of inorganic 

polymers have been developed including aluminum-based, iron-based, inorganic–inorganic composite 

flocculants, inorganic–organic composite flocculants, and multifunctional composite IPFs 

[16,17,24,13,8,18,19,25]. Among them, polyaluminum chloride (PACl) is one of the typical kinds and has 

become most widely applied. The property and general coagulation behavior of inorganic polymers have been 

extensively investigated [17,24,13,8,25,4,20,23,26]. 

 Inorganic metallic salts make unstable the particles by pressing double electrical layers around colloid 

particles, while polymers perform instability functions by absorption in colloid particle surface and making 

bridge among polymer particles [10]. The main objective in this research is evaluation of three coagulants 

efficiency including Polyaluminum Chloride (PACL), Aluminum Sulfate (Alum) and Ferric Chloride in 

turbidity removal of Karoun River water in water treatment plant (WTP) of Kut-e Amir in different turbidity 

ranges of 0 to > 20000 NTU. 

MATERIALS AND METHODS 

 

 This research was conducted in WTP of Kut-e Amir that was located in south east of Ahvaz city of Iran. It 

is providing the drinking water of south east of Ahvaz city and water resource of it is Karoun River. This WTP 

has seven clarifier units that can purify 800000 m
3
/day of Karoun River water. Now, the coagulant that is used 

in WTP of Kut-e Amir is Ferric Chloride and in high turbidity conditions (> 300 NTU) Besfloc is used as a 
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coagulant aid. In this research, three coagulants including Polyaluminum Chloride (PACL) 

([Al2(OH)nCl6－n·xH2O]m (m≤10,n=3~5)), Aluminum Sulfate (Alum) (Al2(SO4)3.18H2O) and Ferric Chloride 

(Fecl3.6H2O) were evaluated. For evaluating of three coagulants efficiency in this research, used from 11 

different turbidity ranges from 0 to > 20000 NTU according to Table 1, considering different turbidities of 

Karoun River water. The coagulants injection ranges in every turbidity range achieved from the statistic 

evaluation of WTP of Kut-e Amir related to current ten years in this field. Table 1 shows the turbidity ranges 

and injection ranges of the coagulants and coagulant aid in this research. 

 
Table 1: The turbidity ranges and injection ranges of the coagulants and coagulant aid. 

Turbidity range (NTU) Coagulants injection range (ppm) Injection range of coagulant aid (ppm) 

< 50 1.00 - 1.50 0 

51-90 1.50 - 1.90 0 

91-130 2.40 - 2.90 0 

131-300 3.00 - 3.50 0 

301-700 3.00 - 3.50 0.0087 - 0.01 

701-1000 3.50 - 4.00 0.025 - 0.053 

1001-2000 3.50 - 4.10 0.05 - 0.0725 

2001-5000 3.50 - 4.50 0.1 - 0.2 

5001-10000 4.00 - 4.55 0.2 - 0.3 

10001-20000 4.60 0.3 

> 20000 4.60 0.3 

 

 For evaluating of three coagulants efficiency, jar-test was done for every turbidity range. The jar-test 

apparatus with model of AQUALYTIC had six dishes (Figure 1). Actually, about 7 to 30 jar-test were done for 

every turbidity range. After determination of water turbidity in every range (according to Table 1), sample was 

transferred to jar-test dishes and jar-test apparatus was started with 180 to 190 rpm speed. Then, coagulants in 

minimum and maximum amounts in every turbidity range were added and after 15 to 20 seconds, coagulant aid 

in minimum and maximum amounts were added. After 1 minute, jar-test apparatus speed was reduced to 50 to 

60 rpm. Then, after 15 minutes, the apparatus was turned off and after 10 minutes, it’s taken 25 ml sample in 1 

cm depth of water surface in dishes for measuring turbidity. In this research, coagulant aid (Besfloc) was added 

when samples turbidity were > 300 NTU. Turbidity of samples measured by turbidity meter with model of 

HACH2100N (Figure 2). 

 
 

Fig. 1: The jar-test apparatus with model of AQUALYTIC. 

 

RESULTS AND DISCUSSION 

 

- Evaluation of jar-test results in different ranges of turbidity: 

- Different turbidity ranges of < 50, 51-90 and 91-130 NTU: 

 Jar-test results in turbidity ranges of < 50, 51-90 and 91-130 NTU with the minimum and maximum 

coagulants injection are shown in Figures 3-8. 
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Fig. 2: The turbidity meter with model of HACH2100N. 

 
 

Fig. 3: Jar-test results in turbidity range of < 50 NTU with the minimum coagulants injection (1 ppm) and 

without coagulant aid. 

 
 

Fig. 4: Jar-test results in turbidity range of < 50 NTU with the maximum coagulants injection (1.5 ppm) and 

without coagulant aid. 

 
 

Fig. 5: Jar-test results in turbidity range of 51-90 NTU with the minimum coagulants injection (1.5 ppm) and 

without coagulant aid. 



1044                                                        Davoud Khodadadi Dehkordi et al, 2014 

Advances in Environmental Biology, 8(13) August 2014, Pages: 1041-1052 

 
Fig. 6: Jar-test results in turbidity range of 51-90 NTU with the maximum coagulants injection (1.9 ppm) and 

without coagulant aid. 

 
Fig. 7: Jar-test results in turbidity range of 91-130 NTU with the minimum coagulants injection (2.4 ppm) and 

without coagulant aid. 

 
Fig. 8: Jar-test results in turbidity range of 91-130 NTU with the maximum coagulants injection (2.9 ppm) and 

without coagulant aid. 

 

 According to Figures 3-8, Ferric Chloride had the best result in turbidity removal. After that, PACL was 

very close to Ferric Chloride in turbidity removal but its effect was a little less than Ferric Chloride. Then, the 

effect of Alum in turbidity removal was the least. As the results showed, in low turbidity (< 130 NTU) and 

without coagulant aid, turbidity removal efficiency of Ferric Chloride was better than PACL, although they were 

very close together. 

 

- Turbidity range of 131-300 NTU: 

 Jar-test results in turbidity range of 131-300 NTU with the minimum and maximum coagulants injection are 

shown in Figures 9-10. 

 

 
Fig. 9: Jar-test results in turbidity range of 131-300 NTU with the minimum coagulants injection (3 ppm) and 

without coagulant aid. 
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Fig. 10: Jar-test results in turbidity range of 131-300 NTU with the maximum coagulants injection (3.5 ppm) 

and without coagulant aid. 

 

 According to Figures 9-10, PACL had the better turbidity removal efficiency than Ferric Chloride and 

Alum. Considering coagulant aid (Besfloc) was added when samples turbidity were > 300 NTU, therefore, the 

results showed that PACL in border of adding coagulant aid, showed better result. This can be a beginning for 

the better efficiency of PACL in turbidity removal in high turbidity ranges and without coagulant aid. In 

addition, the effect of Alum in turbidity removal was the least.   

 

- Different turbidity ranges of 301-700, 701-1000, 1001-2000 and 2001-5000 NTU: 

 Jar-test results in turbidity ranges of 301-700, 701-1000, 1001-2000 and 2001-5000 NTU with the 

minimum and maximum coagulants injection are shown in Figures 11-18. 

 

 
 

Fig. 11: Jar-test results in turbidity range of 301-700 NTU with the minimum coagulants injection (3 ppm) and 

the minimum coagulant aid (0.0087 ppm). 

 

 
 

Fig. 12: Jar-test results in turbidity range of 301-700 NTU with the maximum coagulants injection (3.5 ppm) 

and the maximum coagulant aid (0.01 ppm). 
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Fig. 13: Jar-test results in turbidity range of 701-1000 NTU with the minimum coagulants injection (3.5 ppm) 

and the minimum coagulant aid (0.025 ppm). 

 
 

Fig. 14: Jar-test results in turbidity range of 701-1000 NTU with the maximum coagulants injection (4 ppm) and 

the maximum coagulant aid (0.053 ppm). 

 

 
 

Fig. 15: Jar-test results in turbidity range of 1001-2000 NTU with the minimum coagulants injection (3.5 ppm) 

and the minimum coagulant aid (0.05 ppm). 

 
 

Fig. 16: Jar-test results in turbidity range of 1001-2000 NTU with the maximum coagulants injection (4.1 ppm) 

and the maximum coagulant aid (0.0725 ppm). 
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Fig. 17: Jar-test results in turbidity range of 2001-5000 NTU with the minimum coagulants injection (3.5 ppm) 

and the minimum coagulant aid (0.1 ppm). 

 

 
 

Fig. 18: Jar-test results in turbidity range of 2001-5000 NTU with the maximum coagulants injection (4.5 ppm) 

and the maximum coagulant aid (0.2 ppm). 

 

 According to Figures 11-18, Ferric Chloride had the best result in turbidity removal. After that, PACL was 

very close to Ferric Chloride in turbidity removal but its effect was a little less than Ferric Chloride. Then, the 

effect of Alum in reducing turbidity was the least. In this research, in high turbidity ranges (> 300 NTU), 

coagulant aid (Besfloc) was added. Therefore, as the results showed, with adding of coagulant aid (Besfloc) the 

efficiency of Ferric Chloride in turbidity removal became better than PACL, although they were very close 

together. 

 

- Turbidity range of 5001-10000 NTU: 

 Jar-test results in turbidity range of 5001-10000 NTU with the minimum and maximum coagulants injection 

are shown in Figures 19-20. 

 

 
 

Fig. 19: Jar-test results in turbidity range of 5001-10000 NTU with the minimum coagulants injection (4 ppm) 

and the minimum coagulant aid (0.2 ppm). 



1048                                                        Davoud Khodadadi Dehkordi et al, 2014 

Advances in Environmental Biology, 8(13) August 2014, Pages: 1041-1052 

 
Fig. 20: Jar-test results in turbidity range of 5001-10000 NTU with the maximum coagulants injection (4.55 

ppm) and the maximum coagulant aid (0.3 ppm). 

 

 According to Figures 19-20, Ferric Chloride had the better result in comparison with PACL in turbidity 

removal up to 6500 NTU. However, in higher turbidity (more than 6500 NTU), the efficiency of PACL became 

better than Ferric Chloride in spite of adding coagulant aid. Also, the effect of Alum in turbidity removal was 

the least.   

 

- Different turbidity ranges of 10001-20000 and > 20000 NTU: 

 Jar-test results in turbidity ranges of 10001-20000 and > 20000 NTU with the minimum and maximum 

coagulants injection are shown in Figures 21-22. 

 

 
Fig. 21: Jar-test results in turbidity range of 10001-20000 NTU with the maximum coagulants injection (4.6 

ppm) and the maximum coagulant aid (0.3 ppm). 

 

 
Fig. 22: Jar-test results in turbidity range of > 20000 NTU with the maximum coagulants injection (4.6 ppm) 

and the maximum coagulant aid (0.3 ppm). 

 

 According to Figures 21-22, PACL had the better result in comparison with Ferric Chloride in turbidity 

removal, although they were very close together. According to Figures 3-22, in high initial turbidity ranges, 

turbidity after jar-test with adding of PACL, Ferric Chloride and coagulant aid was more than 5 NTU. 

Considering turbidity standard of drinking water in Iran (5 NTU), it is clear that with increasing of initial 

turbidity and with injection of Table 1 doses, turbidity after jar-test increases (more than 5 NTU). Therefore, it 

shows that in high initial turbidity, coagulants and coagulant aid doses in Table 1 are not enough and injection 

of Table 1 doses should be increased.  
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 According to Figures 3-22, it is clear that PACL and Ferric Chloride had the better results in turbidity 

removal in comparison with Alum. This result is confirmed by Baghvand et al [1]; Kord-Mostafapoor et al [6] 

and Sid-Mohammadi et al [14]. Considering Ferric Chloride is cheaper than PACL and Alum, WTPs prefer to 

use from Ferric Chloride. Sid-Mohammadi et al [14] recommended using of Ferric Chloride for turbidity 

removal in comparison with PACL, because it was cheaper and more available than PACL. Economic analysis 

in WTP of Kut-e Amir showed that using of Ferric Chloride achieved less costs in comparison with PACL and 

Alum (Figures 23-25).   

 
Fig. 23: Monthly costs of coagulants injection in WTP of Kut-e Amir. 

 
Fig. 24: Monthly costs of coagulants and coagulant aid injection in WTP of Kut-e Amir. 

 
Fig. 25: Annual costs of coagulants and coagulant aid injection in WTP of Kut-e Amir. 

 

 According to the results, costs of Ferric Chloride were less than PACL and Alum in WTP of Kut-e Amir. 

So, considering close and suitable results of Ferric Chloride and PACL in turbidity removal and more 

economical efficiency of Ferric Chloride than PACL, it’s recommended to be used from Ferric Chloride with 

Besfloc when initial turbidity be under 6500 NTU. Because under 6500 NTU, there is not any exploitation 

problem for WTPs. But, according to Figures 19-22, in initial turbidity more than 6500 NTU, the efficiency of 



1050                                                        Davoud Khodadadi Dehkordi et al, 2014 

Advances in Environmental Biology, 8(13) August 2014, Pages: 1041-1052 

PACL was better than Ferric Chloride in turbidity removal of Karoun River water and it’s recommended to be 

used form PACL in this conditions and ignore economic aspects. Because, in WTP of Kut-e Amir and in high 

initial turbidities with efficiency reduction of Ferric Chloride, taking water from Karoun River is cut. In 

addition, the experiences have confirmed that with a pause in taking water from Karoun River even for one 

hour, water subscribers in Ahvaz city will have a shortage about 25000 m
3
. So, it’s important to use form PACL 

with Besfloc in high initial turbidity (more than 6500 NTU) for achieving better results and better turbidity 

removal. PACL as the most effective coagulant is confirmed by Safaifar et al [15]; Wang et al [26]; Eric and 

Kara [3]; Luan [7]; Tang and Luan [21]; Malhutra [9] and O’Melia et al [11].  

 Besides, Alum had the least effect on turbidity removal in entire experiments. Maybe Alum be cheaper than 

PACL but it never have suitable efficiency of turbidity removal in comparison with PACL. In addition, it should 

be considered that coagulation with Alum may increase aluminum concentration in drinking water as reported in 

many texts [2]. Aluminum in coagulated drinking water has been regarded as a subject of human and 

environmental health concern [5]. Driscoll et al [2] observed that the use of Alum could increase the total Al 

(III) concentration from 0.37±0.33 μmol l
−1

 in raw water to 1.8±0.33 μmol L
−1

 in filtered water. Alum human 

health hazards have been well-documented [1].  

 

-Evaluation of pH variations under coagulants injection: 

 Researches results have indicated that pH is one of the parameters that turbidity removal efficiency changes 

by it, whereas, Volk et al [22] indicated that the pH of coagulation was the most influential parameter in natural 

organic matter (NOM) removal from water. According to the results, injection of coagulants different doses 

(Table 1) did not vary pH of samples significantly and samples pH after injection of coagulants different doses 

was in standard range (7-8). Figures 26-27 show pH variations under minimum and maximum doses injection of 

coagulants respectively. 

 
Fig. 26: pH variations under minimum dose injection (1.5 ppm) of coagulants.  

 
Fig. 27: pH variations under maximum dose injection (5 ppm) of coagulants. 

 

Conclusion: 

 According to the results, PACL and Ferric Chloride had the better results in turbidity removal in 

comparison with Alum. Considering close and suitable results of Ferric Chloride and PACL in turbidity removal 

and more economical efficiency of Ferric Chloride than PACL, it’s recommended to be used from Ferric 

Chloride with Besfloc when turbidity be under 6500 NTU. Because the efficiency of PACL was better than 
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Ferric Chloride in turbidity removal of Karoun River water in initial turbidity of > 6500 NTU, it’s recommended 

to be used form PACL in this conditions and ignore economic aspects. Otherwise, it causes a pause in taking 

water from river. In the end, injection of coagulants different doses did not vary pH of samples significantly. 
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