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 Background: In this study, the benefit of using the starch manufactured in Iraq and 

derived from corn corps as flocculent agent in the treatment of raw water for turbidity 

removal was investigated in jar test procedure, which was carried out on raw waters 
with different turbidity levels (100, 500, 1000, and 2000 NTU) and different dosages of 

starch (0, 0.5, 1, 1.5, 2mg/L), through three purification operations; coagulation, 

flocculation, and finally sedimentation. The alum available naturally in Iraq was the 
coagulant in this test added in different dosages (5, 10, 15, 20, 20 mg/L), four flat-

paddles stirrer was driven for constant velocity gradient of (700 S-1) in coagulation 

process and one minute detention time in the jar containers, while different velocity 
gradients (20, 40 S -1) were used in flocculation process for detention time of 30 min. at 

temperature of 15 oC.  Objective: to get final conclusions help the water treatment 

plant operators to select the suitable dosages of chemicals according to raw water 
turbidity to get the most effective solids removal at low cost and fulfill the needs of the 

community of drinking water supplies. Results: Samples were taken through the jar 

tests and the achieved results of turbidity removals were recorded and studied, which 
show that, starch is efficient as flocculation aid through its known as bridging effect 

and can play important role in reducing the dosages of coagulant used in treatment 

especially in high turbidity raw waters, consequently reducing Aluminum ion in water 
which is responsible for causing Alzheimer disease in human, in addition to cost, and 

decreasing generated sludge.  Furthermore, the remarkable turbidity removal efficiency 
gained when starch used as flocculent in comparison to with the case when not used is 

of interest. 
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INTRODUCTION 

 

  Coagulation and flocculation are essential processes for a number of diverse disciplines, including 

biochemistry, cheese manufacturing, rubber manufacturing and in water and wastewater treatment. Many people 

are probably familiar with the general concept of coagulation from well known chemically caused clotting of 

blood when exposed to air. In water and wastewater, coagulation and flocculation phenomena are extremely 

important. In the area of potable water treatment, clarification of water with coagulating agents has been 

practiced from ancient times, using a variety of substances-mostly notably, crushed seeds. The Egyptians, as 

early as 2000 BC, used almonds smeared around a vessel to clarify river water. Flocculation was achieved by 

plunging an arm into the vessel. The early Romans were also familiar with alum, although perhaps not for water 

treatment, however, its use as coagulant by the Romans was in 77 AD (John Bratby, 1980). By 1757, alum was 

used for coagulation in water treatment in England, and were formally for the treatment of public water supplies 

in 1881 (Faust & Aly, 1998). 

 Water is essential for human life and other creatures, and in Iraq we have become accustomed to receiving 

good quality drinking water at a reasonable cost upon which conventional purification treatment is conducted (at 

least the following processes  are used; coagulation, flocculation, sedimentation, filtration, and sterilization). 

Invariably mechanical means will be employed to help achieve the treatment objectives, but since no 

mechanical process is 100% efficient, chemical enhancement will often be necessary. However, the amount of 

turbidity present may only determine the amount of coagulant that may be required (Greville A. S., 1997). 

Flocculation aids are used to improve the settling characteristics of floc produced by aluminum or iron 

coagulants. One of these aids used was 
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starch. This substance has the advantage of being well known material already used in connection with 

foodstuffs, and were thus recognized as harmless in the treatment of water (Water treatment manuals, 2002). 

 A number of other compounds are being used today either to replace the metal salts or to complement them. 

When used to complement the metal salts they are referred to generally as a coagulant aid or perhaps as 

flocculent aids. Interest in use of other compounds is generally driven by one or a combination of three factors: 

Reduced cost; reduced solids; or, less dependence on conditions of alkalinity and pH (Engelhardt T. L., 2010).    

Starch is a white, granular, organic chemical that is produced by all green plants. Starch is a soft, white, tasteless 

powder that is insoluble in cold water, alcohol, or other solvents. The basic chemical formula of the starch 

molecule is (C6H10O5)n. Starch is a polysaccharide comprising glucose monomers joined in a 1,4 linkages. The 

simplest form of starch is the linear polymer amylase as shown in plate1 (Jim, 2003). Starch is a versatile and 

cheap, and has many uses as thickener, water binder, emulsion stabilizer and gelling agent. Its form and 

functionality have recently been reviewed. Starch is often used as an inherent natural ingredient but it is also 

added for its functionality (Chaplin M., 2012). 

 

 

 
 

Fig. 1: Chemical composition of simple starch. 

 

 Starch is a polysaccharide originated from plants as renewable resources. With an increasing awareness of 

environmental problems in recent years, versatile application has been found for starch in many areas such as 

flocculent, adhesives, biodegradable plastics and drug-delivery systems. Starch itself may be used as flocculent 

(Heredia B. J. and Martin S.J., 2009). As a flocculent starch generally may be modified in order to obtain 

products with better flocculation efficiency. The modification can be carried out by chemical methods by 

introducing small amounts of ionic or hydrophobic groups into the molecules which change flocculation 

performance (Xiu, X.G. et al., 2004).      

 Usually, metallic salts such as alum, ferric sulphate, ferro sulphate, ferric chloride and organic polymers are 

among coagulant materials (Bratby J., 2007; Stechemesser H. and Dobias B., 2005). In many of the developing 

countries are used natural polyelectrolytes (Diaz et al., 1999). Moringaoleifera, starch, tannins, Chitosan are 

natural coagulant. (Heredia B. J. and Martin S.J., 2009; Bratskaya et al., 2005, Pal et al., 2005). Chitosan 

biopolymer is used in coagulation and flocculation processes (Renault et al., 2009; Szygula et al., 2008). P. 

ovata extract as a coagulant aid is efficient in water turbidity removal (NabiBidhendi et al., 2007). One of the 

most important polysaccharides is starch (Biliaderis C. G., 1998). Results indicate that cationic starch is an 

efficient flocculant for the freshwater microalgae Scenedesmus and Parachlorella (Vandamme et al., 2009). 

 In this study, the benefit of using starch manufactured in some factories Iraq, such as  Al-Hashimiya starch 

factory,  and derived from corn corps as flocculant agent in the treatment of raw water for turbidity removal was 

investigated in jar test procedure. The test was carried out on raw waters with different turbidity levels using 

alum as the main coagulant, and different test conditions, the results of this study 

were analyzed to get final conclusions help the water treatment plant operators to select the suitable dosages of 

chemicals according to raw water turbidity to get the most effective solids removal at low cost and fulfill the 

needs of the community of drinking water supplies. 

 

MATERIALS AND METHODS 

 

 By using  square jars as shown in plate2 that are fabricated by cementing together sheets of acrylic plastic, 

with the dimensions as shown in Photo (1). Each time, a raw water of 2 Liters volume and different turbidity 

have been added to the jar and the water level was at the graved level on the container wall, a sampling tap is 

inserted through the wall of the container at a distance of 10 cm below this water surface. Samples were 

withdrawn through this sampling taps after  2 min. following the termination of the flocculation period, this 

mailto:martin.chaplin@btinternet.com?subject=from_water_web_site
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corresponds to a settling velocity of 5cm/min., this value is in the range of (2-8) cm/min which commonly used 

in most treatment plants applications. 

 The square plastic jars have a number of advantages over the normal circular glass beakers or glass 

containers used in jar test work as common in that: 1- The plastic jars are less fragile,  2- Rotational velocity 

stops quickly upon the termination of stirring, 3- No siphon or pipette is needed for sampling, thus the sample is 

withdrawn without disturbing the settling water and, 4- The acrylic plastic walls are less heat – conductive than 

the glass walls of other jars. The plastic has lower thermo conductivity than glass, and the wall thickness in the 

plastic units is about fourfold that of glass beakers. Plastic units can therefore be used in the laboratory without a 

water bath. No material change in temperature of the water occurs during testing. 

 Plate1 shows the jar testing setup used in recent work, the coagulation- flocculation tests were carried out 

following the standard method for coagulation-flocculation, 2002. using standard jar test apparatus. Four 

different turbidity levels (100, 500, 1000, 2000 NTU) were made synthetically by adding sufficient clay to clear 

water samples. The tests were  done in two steps: The 1
st
 step, using alum only as a coagulant with doses ranges 

of  5, 10, 15, 20 mg/L, while the 2
nd

 step using alum as coagulant (in dosages of  5, 10, 15, 20 mg/L, and starch 

as flocculant in dosages of  0.5, 1, 1.5, 2 mg/L. Four flat-paddle Stirrers were operated in these tests, one in each 

jar of the four square jars. The four flat-paddle stirrers are all driven for certain rotation velocity to give the 

required constant velocity gradient of 700 S
-1

 for coagulation process through the application of equations 1 &2  

(considering the viscosity of water at test temperature of 15 
o
C) for detention time of 1 min.  Then flocculation 

process would start at velocity gradient of 20 S
-1

, in other test at 40 S
-1

 (41, and 65rpm respectively in 

temperature 15
 o

C) for 30 min. period. Then stopping flocculation and starting sedimentation, Samples were 

collected 2 min. after termination of flocculation through sampling taps, and tested for remaining turbidity (table 

1 & 2). 

 

 
 

Plate 1: Jar test apparatus. 

 
 

Plate 2: 2L Diagram of Jar test.  

 

G= √P/µ V …….. eqation                                                                                                                                      (1) 

in which:  

G = average velocity gradient for mixing, S
-1

  

P = dissipated power in water, W  

μ = dynamic water viscosity, N·s/m
2
  

V = volume of mixing tank, m
3
  

 



116                                                         Dr. Mohammed Ali Rashid Hameed, et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(7) May 2014, Pages: 113-121 

 
P =  Np  ρ  n

3  
D

5    
…… eqation                                                                                                                             (2) 

in which: P = power input, W (kg/.m
2
/s

3
) 

ρ = density of water, kg/m
3
 

Np = power number for impeller, dimensionless (3.5 - 4) 

n = No. of revolutions per second  of stirrer (rps) 

D = Diameter of impeller, m 

 

     When used as coagulant aids polyelectrolyte should be dosed after the inorganic coagulant. Sufficient delay 

time (from one to several minutes) should be allowed    

       Following the addition of the inorganic coagulant to allow `microflocs’ to form before dosing the starch as 

flocculant, in addition to turbulence at the point of injection, it is also important to allow sufficient delay time 

following polyelectrolyte addition to permit mixing and/or reaction before the subsequent solids-liquid 

separation. Delay times of approximately one minute are generally satisfactory, but the required time will 

depend on the hydrodynamic conditions obtaining on the plant (Water treatment manuals, 2002). 

 
Table 1: Remaining turbidity Results when using velocity gradient of 20 S-1 

Influent turbidity (NTU) Remaining Turbidity 

@ Dose of  Alum 5 mg/l @ Doses of  Alum & Starch (5&0.5) mg/l 

100 10 9.3 

500 36 27.2 

1000 52.3 45.1 

2000 97.4 87.5 

 10 mg/l (10 & 1) mg/l 

100 8.7 8.2 

500 34.4 23.9 

1000 52.4 42.2 

2000 94 85.4 

 15 mg/l (15 & 1.5) mg/l 

100 8.4 7.7 

500 35.1 23.5 

1000 48.6 42 

2000 87.6 77 

 20 mg/l (20 & 2) mg/l 

100 7.1 7 

500 33 23.3 

1000 41.5 37.6 

2000 75.6 65.5 

 
Table 2: Remaining turbidity Results when using velocity gradient of 40 S-1 

Influent turbidity (NTU) Remaining Turbidity 

@ Dose of  Alum 5 mg/l @ Doses of  Alum & Starch (5&0.5) mg/l 

100 6.5 5.5 

500 26.3 23.3 

1000 41.1 37 

2000 66.4 61.4 

 10 mg/l (10 & 1) mg/l 

100 4.6 3.5 

500 23.9 21.5 

1000 33.5 24.5 

2000 54.2 51.7 

 15 mg/l (15 & 1.5) mg/l 

100 3.2 2.7 

500 21.7 19.9 

1000 26 22.5 

2000 58 50.7 

 20 mg/l (20 & 2) mg/l 

100 2.3 1.7 

500 17.4 12.4 

1000 20.5 16.7 

2000 50.6 46.4 

 

RESULTS AND DISCUSSION 

 

 Coagulation was used to destabilize colloidal particles. The particles are essentially coated with chemically 

sticky layers when alum is added that allows them to flocculate and settle in reasonable period of time. In this 

research, the role of starch in the elimination of water turbidity was studied using coagulation, flocculation, and 

sedimentation processes. Starch as flocculation aid was used to reduce alum consumption in coagulation process 
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under different operation conditions. Tables (1) & (2) show the results of remaining turbidities in settled water 

for different raw water turbidities, at velocity gradients of 20, and 40 S
-1

, respectively. 

 From results, it is clear that using starch as flocculent improves turbidity removal significantly even when 

using small dosages, and causing decrease in the required dosage of alum for coagulation, therefore this gives 

cost reduction, less mineral sludge production, and consequently less Aluminum ion concentration remaining in 

drinking water affecting human health. The results are drawn in figures (1), (2), (3), (4) to simplify recognizing 

the trend of the results in relations to the dosages used, test conditions and other affected parameters.                                                            

 Figures (1-8) show that increasing velocity gradient from 20 S
-1

 to 40 S
-1

 improved turbidity removal 

significantly at high raw water turbidities; greater than 500 NTU, while has less effect at low turbidities, as well 

as, the same conclusion can be gotten, that starch effect as flocculent is more significant, especially when raw 

water turbidity increases. According to the literature the velocity gradient of the flow (G-value) is the main 

design parameter of the flocculation. When the velocity gradient is low (less intensive mixing), the remaining 

turbidity will be higher than in situations where the velocity gradient is high, this fact was proved by 

(Masschelein W., 1992). 

       When alum dosage was used alone without starch addition at high turbidity raw water; of  500-2000 NTU, 

the dosage of alum needed to be increased significantly in order to decrease the remaining turbidity to good low 

value, but using later in other test (Figure-2) a starch in dosage of 1 mg/l, reduced the dosage of alum from 25 

mg/l to 10 mg/l to give approximately the same result of remaining turbidity. At low turbidity raw waters (0-100 

NTU, this effect is less significant. 

 

 
 

Fig. 1: Remaining turbidity with Influent turbidity. 

 

 
 

Fig. 2: Remaining turbidity with Influent turbidity. 
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Fig. 3: Remaining turbidity with Influent turbidity. 

 

 
 

Fig. 4: Remaining turbidity with Influent turbidity. 

 

 
 

Fig. 5: @ 5mg/l alum & (5mg/l alum, 0.5mg/l Starch). 
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Fig. 6: @ 10mg/l alum & (10mg/l alum, 1mg/l Starch). 

 

 
 

Fig. 7: @ 15mg/l alum & (15mg/l alum, 1.5mg/l Starch). 

 

 
 

Fig. 8: @ 20mg/l alum & (20mg/l alum, 2mg/l Starch). 

 

Conclusions: 

 In this research the use of starch produced in Iraq from corn crops as flocculent with alum as the coagulant 

was successful in the treatment of raw water turbidity, where good results of turbidity removal were gained with 

small dosages of starch which reduced greatly the required dosages of alum needed for coagulation, compared 
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with the case of treatment using alum alone as in custom for high turbidity raw waters. Therefore in this practice 

there will be good saving of cost for alum and dosing apparatus, and a decrease of the mineral sludge generated 

from the treatment, in addition to the great benefit of reducing residual Aluminum ion in the produced drinking 

water which is the main cause of human disease called Aleizhimer.  

 The increase of flocculation velocity gradient from 20 S
-1

 to 40 S
-1

 improved turbidity removal efficiency 

significantly, especially at high raw water turbidities; greater than 500 NTU, while has less effect at low 

turbidity waters, for example in an experiment the use of a starch in dosage of 1 mg/l, reduced the dosage of 

alum from 25 mg/l to 10 mg/l in giving approximately the same result of remaining turbidity. At low turbidity 

raw waters (0-100 NTU, this effect is less significant. as well as, the same conclusion can be gotten, that starch 

effect as flocculent is more significant when raw water turbidity increases. 

 

Recommendations: 

 Recommendations can be made to improve the performance of starch, such as making modification to this 

starch produced in Iraqi, The modification can be carried out by chemical methods through  introducing small 

amounts of ionic or hydrophobic groups into the molecules which change flocculation performance (Xiu, X.G. 

et al., 2004), and further efforts should be made to improved flocculation efficiency of starch derivatives as 

flocculant with changing operation conditions of raw water treatment. In our country, the starch or and cheap 

modified starch could be studied for use as flocculant in the field of  waste waters treatment, as biomass flocs 

agglomeration enhancing agent or in the conditioning of sludge for further treatment by press belt or vacuum 

filtration, etc. 

 The use of starch as flocculant with alum coagulation in drinking water treatment plant for high turbidity 

waters is recommended and essential in Iraq to reduce the residual Aluminum ion in the produced drinking 

water which is the main cause of human disease called Aleizhimer and control the concentration within the 

allowable limit. USEPA put a limit of Aluminum concentration for drinking water equal or less than 0.2 mg/l 

(USEPA, 2009).  
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