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 Objective: Coagulation process in Water Treatment Plant(WTP) is highly important so 
that a great deal of studies was carried out on Optimum Coagulant and further removal 

of turbidity from raw water sources. Materials and Methods: This research was 

conducted with the aim of studying efficiency of Ferric Chloride (FeCl3) and Poly 
Ferric Sulfate (PFS) for removing turbidity and decreasing organic materials from input 

water to Ardabil Water Treatment Plant. It was an empirical and analytic study using 

Jar Test apparatus in 2013-14 in environment Laboratory of Ardabil Azad University, 
Local Samples were taken from the pipeline inputting raw water to the treatment plant 

in four seasons during 2013-2014. To perform qualitative and quantitative analyses, 

over 48 samples with 5.67, 12.7, 15.32, 31.35 NTU turbidities, respectively, were 
analyzed for Ferric Chloride and Poly Ferric Sulfate (PFS). Results: The results were 

put in Microsoft Excel and they were analyzed. The study suggested that poly ferric 

sulfate as coagulant with mean annual Turbidity 12.4 NTU is the best sample (injection 
dosage=8.25 mg/l), which is able to remove %73.30 of primary turbidity, while the best 

sample for Fecl3 (injection dosage=10.25 mg/l) is able to remove %72.30 primary 

turbidity. Conclusion: In terms of removal of Total Organic Carbon (TOC), PFS is 
more capable to remove TOC compared to Fecl3. The result indicated that removal 

efficiency is affected by primary turbidity, i.e. the higher primary turbidity, the further 

removal efficiency. 
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INTRODUCTION 

 

 Potable water is tasty water, which physical, chemical and biological factors of it are at desirable standard 

levels, and its consumption will not lead to any short- or long-term adverse effects [8]. To remove turbidity in 

water treatment, nature of suspended materials in water is critically important for determining the coagulant. 

Coagulation is the process requiring the largest share of costs of water treatment operation. Thus, finding 

methods, whichin addition to an effective performance can further reduce turbidity and Organic Matters, and 

increase dosage of coagulant and costs is of high importance [1]. Most surface waters lack turbidity; they are 

transparent and their pH range is 7 to 8, but they often have microbial pollution and may contain high amounts 

of ammonia and nitrate and relatively low soluble salts. Colloids are surface water impurities, which are not 

removed normally and through settlement operations, and their removal requires application of coagulants with 

suited concentrations and chemical quality. These particles, although technically are parts of particulate matters, 

they including bacteria and viruses often exhibit many properties of dissolved materials[3].  On other hand, their 

most important hygienic problems occur when chlorination and production of toxic substances [6].  The water 

polluted naturally or by man should follow various treatment phases to be changed into potable water. 

Conventional water treatment processes include screening, flocculation, sedimentation, filtering, and 

disinfection. Coagulation is a process during which time nonsedimentable particles (colloids) as a major factor 

of turbidity attach to each other forming coarser and sedimentablemasses. Size of colloidal particles in water 

vary from 1 to 0.001 µ,and sedimentation rate of a particle with 0.1 µ diameter is approx. 3m per one million 

years, thereby making water treatment (clarification) without the use of something to increase sedimentation rate 

impossible [10]. Usually, metal-based salts such as aluminum sulfate (alum), ferric sulfate, ferro sulfate, ferric 
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chloride, poly aluminum chloride are used as coagulants and compounds such as sodium aluminate, bentonite, 

sodium silicate (active silica), and a variety of cationic, anionic and nonionic poly electrolyte as auxiliary 

coagulants to remove turbidity [3]. In case of high turbidity, coagulation and flocculation is executed with 

lowest amount of best coagulant. Thus, where turbidity of raw water is low, it is manually removed by using 

clay. Sometimes, sludge settled in sludge lagoons is used for increasing turbidity. In addition to creation of 

necessary sludge, this sludge also contains some coagulating materials, which can save %40 of coagulant 

volume. However, as large part of operational costs of treatment plants goes to chemical stuff, efforts to reduce 

costs of coagulants are quite rational [1]. 

 In a study, evaluated performance of coagulation process to remove low levels of turbidity and color from 

water using various coagulants. This research at an experimental scale and by using Jar test apparatus suggested 

that poly aluminum chloride with a concentration of 5mg/Lis the best coagulant to remove turbidity (%99-

%99.8) and color (%100). 

 [6] studied application of poly aluminum chloride for removing turbidity from water of Tehran [2]. The 

results of third phase showed that by using PACL concentration of remaining aluminum ions in water islower 

than alum, closer to allowable standard (20mg/L). 

 In a research,[5] examined efficiency of conventional coagulants and auxiliary coagulants in pretreatment 

operations of raw water behind Gavashan Dam, Kermanshah. Based on the results, ferric chloride and auxiliary 

anionic coagulants show a better performancein removing turbidity, total coliforms and thermotolerant coliform, 

but mixing and combination of other coagulants did not have significant impact on removing those items. 

 Use of tannin seeds were tested in water treatment in Valonia, Turkey as a coagulant and auxiliary 

coagulant.  In that research, an indigenous natural coagulant was suggested as an alternative to alum or as a help 

to alum. Tannin as an auxiliary coagulant was a better choice than artificial anionic poly electrolyte (AN913). 

Under optimal conditions with tannin, turbidity reduced from 10 and 20 FTU to <0.02 FTU and 0.9 FTU, 

respectively [9]. 

 Zhidoong et al., studied research processes and applied programs on flocculation in water treatment in 

China. Mineral coagulation, organic flocculation, and microorganism-based coagulation are elaborated. 

Application of various flocculants is introduced in this research, which also showed evolution of flocculants is 

harmless and with high efficiency.  

 One challenge facing potable water treatment plants for which raw water is supplied from rivers is high 

turbidity and organic content. Since potable water for the city of Ardabil (located at North West of Iran) is 

supplied from Balekhloo River-which is exposed to a large number of pollutants- organic content is a major 

problem for this treatment plant. Thus, this research was designed to study efficiency of ferric chloride ferric 

and poly ferric sulfate coagulants in removal of turbidity and reduction on organic matter input to Ardabil 

Treatment Plant.  

 

Methodology: 

 This research is an empirical and analytic. Sampling was carried out from raw water input to potable water 

treatment plants in two cities: Ardabil and Sarein. Any efforts to improve treatment process and reduce pollution 

are valuable and should be taken into consideration. Jar test was conducted using raw water in a 1lit jar 

containers, while sampling from a depth of 5cm of surface water. Jar test programming was in the following 

order. 60s quick mixing 140 rpm, 20min slow mixing 40rpm, 30min sedimentation time. After sedimentation 

ended, Jar samples were immediately analyzed. The sampling began in December 2013 for one year from water 

transfer line to the treatment plant according to Table 1 and Standard Methods for Examination of Water and 

Wastewater [8]. A comparison of turbidity and TOC removal efficiency merely in different pH values and in 

different turbidities (particularly, 12.4 NTU (annual mean turbidity of the input water) was made environment 

laboratory, Ardabil Azad University. To conduct qualitative and quantitative processes of the research, over 48 

samples with 5.67, 12.7, 15.32, 31.35 NTU turbidities, respectively, were analyzed for Fecl3 and PFS. 

 
Table 1: Qualitative parameters of input water to Yamchi Treatment station (Balakhloo River). 

Parameter Annual mean 

TOC(mg/L) 4.57 

turbidity(NTU) 12.4 

Temperature (℃) 11 

 

Measurement methodologies were 

 Turbidity was measured by Nephelometric Method using  HACH 2100P.  

 TOC was measured by HACH DR.5000 spectrophotometer using SM method with Persulfate-ultraviolet 

Oxidation 5310 C.  

Qualitative index of particle size is shown in Fig.1.  
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Fig. 1: Flocculation quality size qualitative index. 

 

 Sampling (containers, sample volume, and detention time) was done according to EPA standard 

method[12]. 

 

Results: 

 Determination of optimum dosage of coagulants for different turbidities (5.67, 12.7, 15.32, and 31.35 NTU) 

underwent Jar test (See Table 2).  

 
Table 2: Results: Determination of optimum dosage of coagulants. 

 Poly Ferric Sulfate (PFS) Ferric Chloride ( Fecl3) 

Season Raw 

water 
turbidity 

(NTU) 

 

optimum 

dosage 
mg/L 

TOC 

removal 
(%) 

Remaining 

turbidity 
(NTU) 

Turbidity 

removal 
(%) 

optimum 

dosage 
(mg/L) 

TOC 

removal 
(%) 

Remaining 

turbidity 
(NTU) 

Turbidity 

removal 
(%) 

Spring 5. 67 7 26 3.07 45.85 10 24 3.14 44.62 

Summer 12.7 9 24 3.12 75.43 10 20 3.14 75.27 

Winter 15.32 9 42.1 2.85 81.39 11 29 3.12 79.63 

Autumn 31.35 8 26.66 2.97 90.52 10 22.22 3.09 90.14 

 

 As shown in Table 2, mean TOC removal using Fecl3 was %23.80 and PFS %29.69. PFS (%5.89) had a 

better performance in removing organic matter.  

 
Table 3: Physical and chemical coagulants (PFS). 

Items Liquid Solid 

GB14591(I) GB 14591(II) 

Fe2o3,% > 11 18.5 

Fe2+%,  < 0.15 0.15 

Basicity % 9.0 - 14.0 9.0 – 14.0 

pH (1% water solution) 2.0 – 3.0 2.0 – 3.0 

As % < 0.0008 0.0008 

Pb % < 0.0015 0.0015 

Water – insoluble matter, % < 0.5 0.5 

 

 According to Table2, highest turbidity removal occurs in 31.35NTU in autumn, then 15.32NTU in winter, 

and finally 12.7NTU in summer. High turbidity in summer is due to drought 2014, when reserve volume of the 

reservoir had been reduced and harvest was made from lower counters resulting in mixing raw water with the 

sludge at bottom of the reservoir. The lowest turbidity 5.67 was in spring. The results showed that removal 

Very good flocculation Tiny flocculation 

Good flocculation 

Medium flocculation 

Invisible flocculation 
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efficiency is affected by primary turbidity, i.e. the higher primary turbidity, the higher efficiency of used 

coagulant. The obtained results are in agreement to Aghili[2], who suggested the use of clay to increase turbidity 

and increase removal of organic matter by coagulants.  
 

Table 4: Physical and chemical coagulants (Fecl3). 

35-47 Al2O3 %/FeCl3 

1/3-1/5 Relative density 

1/5-2 pH (1% water solution) 

0/3 SO4
2-    %< 

0/008 As % < 

0/008 Pb % < 

 

 In Tables 4 and 5, physical and chemical properties of PFS and FeCl3 coagulants showthat the percentage 

of heavy metalsis much lower thanthe main material’s purity. 

 Comparative diagrams of the performance of coagulants in removing turbidity (NTU) and TOC of samples: 

 

 
Diagram 1: Percentage of removal of primary turbidity (NTU). 

 

 
Diagram 2: Percentage of removal of Total Organic Carbon (TOC) (NTU). 

 

 As shown in Diagrams 1 and 2, TOC is better removed by (PFS) than (Fecl3). Formation of first PFS 

flocculation takes far less time than Fecl3 (60 seconds in some experiments), but it takes several minutes by 

using (Fecl3).  

 
 

Diagram 3: TOC in raw water and its remaining content after application of coagulants.  
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 As appears in diagram3, the remaining content of organic matter after using (PFS) is lower than (Fecl3), 

that is, the former has a better and higher performance for removing organic matter.  

 

 
 

Diagram 4: The remaining content of organic matter after use of optimum doses of FeCl3 

 

 
 

Diagram 5: The remaining content of organic matter after use of optimum doses of PFS. 

 

 As observed in Diagrams 4 and 5, performance of both coagulants fully corresponded to primary turbidity 

values so that increase in primary turbidity led to higher turbidity removal efficiency.  

 

Conclusion: 

 This research was carried out with the aim of studying the efficiency of Fecl3 and PFS in removing 

turbidity and reducing organic content of raw water inputting Ardabil Treatment Plant in 2013-14 by seasonal 

sampling and by using Jar test apparatus. The result showed that PFS(annual mean turbidity= 12.4NTU, 

injection dosage=8.25 mg/L) compared toFecl3 (annual mean turbidity= 12.4NTU, injection dosage=10.25 

mg/L) had a better performance in removing primary turbidity. Regarding removal of (TOC) PFS had a higher 

capacity than Fecl3. The analyses suggested that coagulation process serves to destabilize colloids existing in a 

water resource. But many literatures indicated that in addition to destabilization of organic and inorganic 

colloids, this process is able to remove natural water-soluble organic matter. The literature showed that in 

Balekhloo River, (PFS) performs better (Fecl3) in removing turbidity and TOC. Removal efficiency is affected 

by primary turbidity, i.e. the higher primary turbidity, the further removal efficiency. 
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