
 

 

 

Abstract—Coagulation and Flocculation processes are the most 

important process in water treatment. PAC is one of the most used 

coagulants. Using synthetic coagulant has both health and 

economical problems especially in developing countries. Natural and 

herbal coagulants have been used in developing countries in last 

centuries. The aim of this study is comparison between PAC 

performance alone and PAC with natural coagulant aid (Bread yeast) 

to improve  Karoon river water quality. This study carried out in 

bench scale using Jar test. In three levels of turbidity, 40 – 50 NTU 

(low turbidity), and 100 -115 NTU (medium turbidity) and 480 – 500 

NTU (high turbidity) were measured Turbidity and Total Coliforms. 

Results shown that at high turbidity and applying 5 mg/l Bread yeast 

coagulant aid and 15 mg/l PAC coagulant, the highest turbidity 

removal percentage was to be 99.6 % and Coliform Bacteria removal 

percentage was to be 99.5%. In conclusion, natural coagulant aid 

(Bread yeast) is able to reduce turbidity and Coliforms in Karoon 

River effectively. 

 

Keywords—Bread yeast, Poly Aluminum Chloride (PAC), 

Turbidity, Karoon River water.  

I. INTRODUCTION 

URBIDITY parameter can be used to measure the 

performance of individual treatment processes as well as 

performance of an overall water treatment system. Common 

water treatment processes intended to remove suspended solids 

and reduce turbidity include: coagulation, flocculation, 

sedimentation and filtration [1].     Coagulation is the process 

of conditioning suspended solids particles to promote their 

agglomeration and produce larger particles that can be more 

readily removed in subsequent treatment processes. The 

process of coagulation is complex and may involve several 

different mechanisms to achieve “destabilization”, which 
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allows particle agglomeration and enhances subsequent 

removal [2]. If these particles allowed to sediment may take 

several months or even a year to settle, For example, if the 

particle size is 0.0001 mm (colloidal particles) 755 of days is 

required for settling. It should be noted that from engineering 

view point time more than a few hours is not acceptable [3]. 

Flocculation is the process of bringing the destabilized 

particles into contact with one another to form larger “flock” 

particles. These larger particles are more readily removed from 

the water in subsequent processes [1].   

  The water treatment process without increasing colloidal 

particles settling velocity seems to be impossible [4]. A 

coagulant is one of the key components for removing turbidity 

in a water treatment process [5, 6]. Many coagulants are 

widely used in conventional water treatment processes. These 

materials can be classified into inorganic and organic 

coagulants [7]. Inorganic coagulants such as aluminum and 

iron salts are most widely used in the coagulation process [8, 

9].  

  Aluminum is regarded as an important poisoning factor in 

dialysis encephalopathy. Also, there is strong evidence linking 

aluminum-based coagulants to the development of 

neurodegenerative illnesses as senile dementia [10, 11], 

Alzheimer’s disease in human beings [12]. Most important 

problems of some coagulants are serious health effects due to 

residual of aluminum salts, producing large volumes of sludge 

and disposal to environment [13]. Organic coagulants 

(polymers) are often termed polyelectrolytes are broadly 

classified into synthetic and natural origin. Synthetic 

polyelectrolytes are cuestionated due to the toxicity and 

carcinogenetic potential of the monomers used for their 

synthesis [14]. 

   For these reasons, it is desirable a progressive replacement 

of these chemical coagulants with alternative coagulants 

preferably from natural and renewable sources. Natural 

coagulants (biopolymers) would be of great interest since they 

are natural low cost products, characterized by their 

environmentally friendly behavior, and presumed to be safe for 

human health. There has been considerable interest in the 

development of usage of natural coagulants [15]. 

This can be produced or extracted from microorganisms, 

animal or plant tissues. These coagulants produce readily 

biodegradable and less voluminous sludge that amounts only   

20% - 30% that of alum treated counterpart [16]. The 

objective of this research is to develop a new approach using 
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coagulation-flocculation-sedimentation processes at certain 

operating conditions depending on investigated optimum doses 

of natural coagulant of bread  yeast and    inorganic coagulant 

(PAC) for treating low, medium and high turbid water to 

obtain better quality of treated water meeting WHO turbidity 

standard of drinking water. The performance of proposed 

approach would be assessed and compared with conventional 

approach on the basis of minimizing risks of PAC dose 

required, reducing the settling time of suspended solids and 

decreasing residual turbidity. 

 World Health Organization (WHO) recommends that if 

turbidity is more than 5 NTU, some treatment is necessary to 

remove the turbidity before the water can be effectively 

disinfected [17].  

 Bread Yeast is composed of yeast species known 

S.cerevisiae. Yeast is a single-celled organism, of fungus 

family. In fact, yeast is a fungus that lives through 

fermentation. Fermentation is a process which done by enzyme 

known as biochemical catalysts. This enzyme is produced by 

certain living organisms.Yeast growth and reproduction, 

produced two types of enzymes known as amylases and 

Anortaz. Anortaz are converted from starch sugar to fruit sugar 

(fructose) and grape sugar (glucose).  Amylases is an enzyme 

that sugar in presence of oxygen, converted to water and 

carbon dioxide and in absence of oxygen, it is converted to 

alcohol and carbon dioxide. These two enzymes are result of 

baker yeast, which converts bread starch to sugar, and sugars 

into alcohol, carbon dioxide and energy; this process is called 

fermentation [18]. 

 Mainly yeast is used in bread production (traditional and 

bulky) and confectionery, cakes and cookies. Yeast is also 

used in some chemical processes such as production of 

alcohol, beer, some hormones, and so on [19]. 

    This study is evaluated Bread yeast as coagulants aid with 

poly aluminum chloride (PAC) for removal turbidity and 

coliform bacteria from Karoon River.  

II. MATERIALS AND METHODS  

A. Preparation of Synthetic Turbid Water 

This study carried out at laboratory scale and six houses Jar 

test equipment used. Samples are taken in daily basis in April, 

May and June. Three ranges of turbidity applied, low turbidity 

(40-50 NTU), medium (100 -115 NTU), and high turbidity 

(480 – 500 NTU). Synthetic turbid water samples were 

prepared using natural soils of Karoon River blank. Taken soil 

samples is completely dried, then screened and the fine 

powder was obtained with of uniformity. 

    Turbidity measurements were conducted using Turbid meter 

(HACH, 2100N). PH values of samples were measured using 

pH meter (WTW, 330i), and Jar test equipment (JLT6) were 

used. 

     In next step a few grams of the soil dissolved raw water at 

20 liter storage containers and mixed a few minutes, with 10 

minutes intervals. Then, the obtained solution leaved for 

sedimentation, one hour to precipitate coarse particles. Then a 

few liters of supernatant were kept as Stokes. Various 

suspensions with different turbidity are prepared from the 

stock.  

B. Laboratory method 

Raw water samples were tested for turbidity, pH, 

temperature and total coliforms; and then Jar tests were 

performed in each case, the standard 1-liter beakers containing 

1000 ml of water sample was used. PH tested at six level (5, 6, 

7, 7/5, 8, and 9). To adjust pH, Sulfuric acid and 0.02 normal 

NaOH were used. To determine pH optimum of PAC 

coagulant, Jar tests were conducted on water samples with 

various pHs. After determination optimum pH, for each level 

of turbidity, to determine optimum dose of PAC, different 

doses was added. After determination optimal conditions for 

PAC, Bread yeast as coagulant aid added. 

    Jar test carried out for PAC alone, and with Bread yeast as 

coagulant aid. Rapid mixing phase of jar test with a minute 

speed (120 rpm) and after flocculation, a period of 20 minutes        

(40 rpm), duration of sedimentation was considered 30 

minutes [20, 21]. Then samples collected from 5 cm below 

water surface to determine turbidity and total Coliform.  

    All examinations were performed according to the standard 

methods for examination of water and wastewater [22]. For 

each analysis three times replicated.  

C. Preparation of PAC Solution 

    In this study, we used industrial solid PAC with purity of 

28%. PAC solution of 1000 ml made by dissolving one gram 

of PAC powder in one liter of distilled water. 

D. Preparation of Bread yeast Solutions 

In this study we used Leaven made of Iran Melass 

Company, Fariman. The next stage of a gram of powder 

dissolved in distilled water and brought to a volume of 1000 

ml. To create a uniform suspension, the mixture was placed on 

a 15-minute magnetic mixer and was filtered for removing 

insoluble particles. Because of likely reduction of coagulants 

effect, coagulants stocks were produced daily. 

III. RESULTS 

A.  Determination of optimal pH for PAC 

       PH is a significant factor in coagulation and flocculation. 

Each coagulant has an optimal pH which shortest possible 

coagulation time and highest performance occurred for a given 

dose of coagulant, in coagulation and flocculation processes 

[23]. Studies conducted by researchers suggest that higher 

concentrations of aluminum residual in treated water because 

of inappropriate pH and lack of optimal conditions. Best way 

to reduce aluminum residues in water optimum conditions and 

optimal pH [24]. 

      In Figure1, the effects of pH on turbidity removal by PAC 

are shown. Determination of optimal pH with a fixed dose of 

10 mg/liter of PAC was performed, as shown in figure 1, 

highest turbidity removal was at pH = 8. At this pH, turbidity 

removal rate without filtration, was equal to 94.9% (for low 

turbidity), 97.5% (for medium turbidity) and 98.7% (for high 
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turbidity), respectively and residual turbidity, was 2.3 NTU, 

2.7 NTU and 6.5NTU respectively. 

 
Fig. 1. residual turbidity variation related to pH variation for PAC 

coagulant 

B. Determination of optimum dose of PAC 

     Based on optimum pH, effect of coagulant PAC doses at 

different turbidity levels are shown in figure 2. In general, the 

results shown, by increasing PAC dose, turbidity removal 

percentage increased. To determine optimum dose, we used 

Iran standards for drinking water that recommended water 

maximum permissible turbidity less than 5 NTU [25]. For low 

turbidity with 10 mg/l of PAC, residual turbidity was equal to 

2.4 NTU. Therefore, according to the figure 2, the optimum 

PAC dose was, 10 mg/lit.  

For medium and high turbidity, optimum dose for PAC was 

15 mg/l. Turbidity removal percentage was equal to 94.6%, 

97.6% and 99.1% for low, medium and high turbidity 

respectively and residual turbidity was 2.4 NTU, 2.5 NTU and 

4.5NTU respectively. ANOVA analysis (P<0.05) revealed 

statistically significant difference for turbidity removal 

percentage by different PAC doses. Square correlation 

coefficient (R2) was equal to 0.942, 0.995 and 0.958 for low, 

medium and high turbidity respectively. 

 
Fig. 2  Residual turbidity variation for PAC coagulant dosage 

C. Determination of optimum dose for bread yeast 

coagulant aid 

Under optimum conditions for PAC, different doses of 

Bread yeast were applied to determine maximum turbidity 

removal and optimum dose of Bread yeast. According to 

figure 3 and  4, optimum dose of Bread yeast at low, medium 

and high turbidity was equal to 0.8, 3 and 5 mg/liter 

respectively. Final turbidity was 0.91 NTU, 0.6 NTU and 2.1 

NTU respectively. Tturbidity removal percentage was equal to 

98%, 99.4% and 99.6% respectively.  

    ANOVA analysis (P<0.05) for turbidity removal percentage 

by different PAC and Bread yeast doses revealed statistically 

significant difference.  Square correlation coefficient (R2) was 

equal to 0.989, 0.959 and 0.923 for low, medium and high 

turbidity respectively.  

      To determine optimum dose, we used Iran standards for 

drinking water that recommended water maximum permissible 

turbidity less than 5 NTU [25].  Residual turbidity was less 

than 5NTU before filtration 
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Fig. 3. Residual turbidity variation for yeast coagulant aid dosage 
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Fig .4.  Residual turbidity variation for yeast coagulant aid dosage  

D. Determination of total coliform removal by coagulants 

        Coliform bacteria presence on water, is good index for 

determine microbial pollution. WHO (world health 

organization) recommended zero for Coliform bacteria based 

on MPN/100ml of drinking water [3]. 

    Total Coliform average of raw water was equal to 21000, 

15000 and 46000 (MPN/100ml) for low, medium and high 

turbidity respectively. As it is shown in figure 5, in optimum 

doses of coagulants by increasing initial turbidity, total 

Coliform removal percentage increased. Total Coliform 

removal percentage, with PAC alone at low, medium and  

high turbidity was equal to 94.8%, 98.6% and 99%, 

respectively; and PAC with bread yeast was equal to 97.8%, 

99.2% and 99.5%, respectively, also there were not regrowth 

of bacteria in water samples in 24 hours. 

   ANOVA analysis (P<0.05) for total coliform removal 

percentage by different PAC and bread yeast doses revealed 

statistically significant difference and Square correlation 

coefficient (R2) for PAC and Coliform removal percentage 

was equal to 0.992, and for PAC with bread yeast was equal to 

0.993. 
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Fig. 5.  Coliform removal percentage variation related to turbidity for 

tested doses of coagulants 

IV. DISCUSSION 

     In this study, pH was important factor on turbidity 

removal rate and its adjustment is necessary for optimal use of 

coagulants. The optimum pH for turbidity removal by PAC 

was equal to 8. Turbidity removal rate increased with 

increasing PAC dose. 

 With increase in initial concentration of turbidity, removal 

percentage increased. This phenomenon reflects the collision 

removed particles. Role of particles number in colloidal 

systems on coagulation process are fully reported [26, 27]. 

 According to results of this study, PAC optimum dose for 

turbidity removal, at low turbidity was equal to 10 mg/liter. 

Also for medium and high turbidity was equal to 15 mg/liter. 

Adding bread yeast as a coagulant aid improved performance 

process. 

 Main mechanism for colloidal particles removal was 

adsorption and bridges between the particles [28, 29]. In this 

study, turbidity removal rates have declined in acidic PH. So 

could not conclude that particle neutralization was only 

mechanism of flocculation. It seems that in optimum PH range, 

most of particles were trapped in polymer coagulant chain; that 

swept flocculation mechanism and particles trapped in 

sediment.  

 Similar study carried out by Orooji and colleagues on 

influent raw water to Ahwaz water treatment plant using 

chitosan as a coagulant aid with PAC, pH optimum was equal 

to 8 for turbidity removal [30] 

  Experimental observations showed that by application 

bread yeast as coagulant aid in optimal conditions, flocks 

formed larger than application PAC alone and higher 

sedimentation rate. 

 In study conducted by Vakili and colleagues in Esfahan 

Water Treatment Plant, they used yeast as a natural 

polyelectrolyte for E. coli removal. At two turbidity levels (20 

and 50 NTU); removal percentage for Escherichia coli was 

equal to 97% by low dose yeast (approximately 1 to 3 mg/liter) 

with alum [31]. 

 Similar study conducted by Takdastan and colleagues 

evaluated the use of starch as coagulant aid with alum to 

remove turbidity and Coliform in Karoon river water, and 

these results obtained: At low turbidity (30NTU) by using 4 

mg/liter of starch and 12 mg/liter of alum, coliform removal 

precentage was equal to 97%; By application alum alone, 

Coliform removal precentage was equal to 89%. In medium 

turbidity (100NTU) by using 4 mg/liter of starch and 8 

mg/liter of alum, coliform removal precentage was equal to 

99%; and by application alum alone, Coliform removal 

precentage was equal to 97.2%. At high turbidity (170NTU) 

Coliform removal percentage was equal to 99.53% by using 30 

mg/liter of starch [32].  

 Also, in study conducted at 2010 by the Orooji and 

Takdastan in Ahwaz Water Treatment Plant, Coliform removal 

percentage was equal to 96.4% using chitosan coagulant aid 

with PAC [33]. 

 Nabi Bidhendi and colleagues, in another study, evaluated 

and compared (Plantago.Ovata) performance as natural 

coagulant aid with ferric chloride as a coagulant in water 

turbidity removal. Turbidity removal percentage with 

(Plantago.Ovata ) plant at turbidity of 20, 50 and 100 NTU 

was equal to 94.1%, 94.5% and 88.15%, respectively; while 

ferric chloride alone turbidity  removal was 90.3%, 85.16% 

and 80.2% respectively [34]. 

V. CONCLUSION 

In total, this study showed that dose of 5 mg/liter of bread 

yeast as a coagulants aid with 15 mg/liter of PAC coagulant in 

high turbidity (480-500NTU) has the best performance in 

reducing turbidity and total coliform. In these optimal values, 

turbidity and coliform removal percentage was equal to 99.6% 

and 99.5%, respectively. According to results of this study we 

can conclude that natural coagulant aid (Bread yeast) able to 

reduce turbidity and Coliform effectively. 
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