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ABSTRACT 

Supplying drinking water in Al-Dewanyia city to meet Iraqi Drinking Water Guidelines is a 

challenge as source waters contain high concentrations of Natural Organic Matter (NOM) that 

often exceed 12 mg/L Dissolved Organic Carbon (DOC). The US EPA indicates that enhanced 

coagulation is the best available technology to control DOC in drinking water treatment plants. A 

water director of Al-Qadissiya has used enhanced coagulation at Al-Dewanyia Water Treatment 

Plants (WTP’s) in Iraq since 2004 to improve water quality in the distribution system. NOM 

reduction has led to treated water with a lower chlorine demand allowing a greater residual 

penetration enabling improved bacteriological compliance. Since the cost of DOC (and 

Disinfection by-product DBPs)  determination was high, it was decided to study the traditional 

analysis of COD as a surrogate measure to detect the organic constituents in raw water and the 

extent to which optimized coagulation with ferric chloride can increase COD removal. The water 

samples studied belonged to Al-Dewanyia River. For samples the observed values of COD 

removal by coagulation at lower pH (about 1-1.5 pH values less than the regular pH (5.8 ~ 8.5)) 

were about 85-95 percent without making water turbidity unacceptable. In order to determine the 

effects of organic content on coagulation, The results indicated that a modified coagulation 

process without need to much increasing the amount of coagulant can be developed for these 

water samples. 
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INTRODUCTION  

 

Al- Dewanyia Water Treatment Plant in Iraq (DWTP) was built in 1983. The untreated 

water is pumped from the Al-Dewanyia River to the DWTP by five large pumps and is then 

dispatched into flash mixer. The water then flows through a four calriflaculaters (flocculation, 

and sedimentation tank) and filtered through a sand bed (20 units) as shown in Fig. 1. After 

chlorination, the water is stored in two underground reservoirs (clear well). Five booster pumps, 

connected to the last reservoir, ensure the water supply in the Al- Dewanyia city network. 

Providing cleaner water to the consumers also reduced maintenance demands as less 

routine flushing is required of the mains reticulation system. The higher turbidity levels 

previously resulted in sludge build up in the mains which reduced the quality of the water that 

reached the consumers and also affected the chlorine residual levels throughout the reticulation 

system. In Al-Dewanyia in Iraq, the DWTP, meeting seasonal water demands, provides water to 

the city, and some villages around, supplying around 96 000 m3/day serving about 300 000 

consumers. The water to the Al-Dewanyia city comes from the Al-Dewanyia River (Fig. 2) 

source and treatment in the Water treatment plant. As it is typical of the rivers of the Iraq, the 

flow is very irregular, having a high flow place in the months of December to April and a Low 

flow in the remain months. 

The surface water from Al-Dewanyia River very often contains suspended clay, sand and 

lime particles, various organic dissolved solids, heavy metal and other materials, which manifest 

themselves as turbidity, dissolved solids and other chemical parameters. This water has to be 

treated properly to make it suitable for drinking and domestic use. Raw surface and ground 

waters used for drinking purposes can vary markedly in their chemical organic content (natural 

organic matter and anthropogenic compounds, including pollutants) and micro-organisms 

present in raw water are key drivers for treatment processes that provide for safe and 

aesthetically acceptable drinking water. Conventional treatment at large scale water treatment 

plants (WTP) involves the use of inorganic coagulants to remove turbidity and colour, and more 

recently to maximize removal of organic compounds. The basis for the latter is to minimize the 

concentration of organics in treated water that leads to lower levels of disinfection by-products 

(post chlorination) and substrates for microbial growth in the water distribution system. 

Maximizing removal of organic matter using inorganic coagulants is impacted by the character 

and concentration of the organics, the turbidity and alkalinity of the raw water. Removal of 

organics is also influenced by the type of coagulant used, its dose rate and the pH at which 

coagulation occurs. To date, few attempts have been made to study the relationships between 
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raw water quality parameters and the use of coagulants and pH control reagents for removal of 

organics, colour and turbidity. Study of water treatment processes have been described by Bazer-

Bachi et al. [1], Ellis et al. [2], Girou et al. [3], Ratnaweera and Blom [4] and van Leeuwen 

et al. [5]. These studies are mostly based on empirical relationships between raw and treated 

water quality and treatment conditions required to achieve a target water quality. The emphasis 

for removal of organics is recent and models developed for and relating to this include Edwards 

[6], Urfer et al. [7], Baxter et al. [8], Ghaly,. [9] and Guida et al. [10].  

 

 
 

Fig. 1.  Al-Dewanyia WTP layout 

 

Al-Dewanyia River, with high density of residence located on both sides the use its water for 

drinking. Fig. 3 and Table 1 show seasonal characteristics of water quality in Al-Dewanyia 

River in 2010. Target compounds in Al-Dewanyia River are algae, taste & odor matter, Natural 

Organic Matter (NOM), disinfection by-products (DBPs) and micro pollutants. Table 2 shows 

the comparison of water quality criteria between Iraq and US.EPA. Especially, domestic water 

quality is minimal requirement to meet present regulation, but drinking water treatment process 

is practically managed to meet the target water quality value which considered the reinforced 

water quality criteria and target compound concentration in Al-Dewanyia River. This paper 

reviews improvement strategies adopted at Iraq water operated conventional water treatment 

plants to meet Iraqi national water quality requirements. Also in this paper, Jar Test is described 

that relate raw water quality parameters to dose rates of the coagulants, ferric chloride, and pH 

control reagents. Also described is a study that relate the concentration and character of organics 

in raw water to targeted percentage removal of organics. 
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Fig. 2. Al-Dewanyia Rivers Map 

 

 

 
Fig. 3. Seasonal Characteristics of Raw Water Collected from Al-Dewanyia River In 2010 

 

Table 1. Seasonal Characteristics of Water Quality and Limitation of Water Treatment 

 

Season Water Quality Pattern Limitation 

1~3 month 
NOM ↑, Micro Organic 

Pollutants↑ 
Mixing/Coagulation Performance Decrease 

3~6 month 

Algae ↑, Taste & Odor 

Matter ↑ 

pH ↑, Residual Chlorine 

Conc. ↑ 

DBPs ↑ (Chlorine Dose Increase) 

Mixing/Coagulation Performance Decrease 

6~9 month 
Turbidity ↑ 

Alkalinity ↓ 

Filtration Bachwashing Interval Decrease 

Coagulant and pH Controller Increase 

9~12 month 
Algae ↑ 

NOM ↑, DBPs ↑ 

DBPs ↑ (Chlorine Dose Increase) 

Claim ↑(Taste & Odor Matter) 
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Table 2.  Comparison of Water Quality Criteria between Iraq and US.EPA [11] 

 

Items 
 Water Quality 

Criteria- Iraq 

Water Quality 

Target Value 

 US.EPA 

Criteria 

Taste & 

Odor 

Sensory Evaluation No Taste/Odor <3TON <3TON 

Geosmin, MIB - <10ng/L - 

Pathogenic 

Microbes 

Giardia 3 log 5 log 5 log 

Cryptosporidium - 3.5 log 3 ~ 3.5 log 

Turbidity 5 NTU 0.1NTU 0.1NTU 

Particles - 50/mL - 

Disinfection 

By-Products 

(DBPs) 

TOC - 35% Removal 
15 ~ 50% 

Removal 

General  

Items 

NH4+ 0.5㎎/L 0.5㎎/L - 

Fe 0.3㎎/L 0.3㎎/L 0.3㎎/L 

Mn 0.3㎎/L 0.05㎎/L 0.05㎎/L 

pH 5.8 ~ 8.5 7.5 ~ 8.0 6.5 ~ 8.5 

 

 

MATERIAL AND METHODS 

 

.  

Determination of Water Quality Parameters  

 

Colour: Colour (Col), in Hazen units (HU) was determined by measuring the absorbance at 456 

nm using UV/VIS spectrophotometer.  

Dissolved organic carbon (DOC) analysis: DOC concentrations of water samples (filtered 

through 0.45 μm) were determined using a total carbon analyser (Model 820, Sievers 

Instruments Inc., USA) and indirectly by measuring the absorbance at 254 nm using a UV/VIS 

spectrophotometer with a 1 cm quartz cell.  

Turbidity: Turbidity, in nephelometric turbidity units (NTU), was measured using a Hach ratio 

turbidimeter (Model 2100 AN, Co., USA).  

pH: Orion (Model 420A, MA. USA) and WTW pH 340i meters were used.  

 

All instruments located in laboratory of Civil Department in Collage of Engineering Al-

Qadissiya University. 

 

Samples  

 

Samples were collected from Al-Dewanyia River during one year in 2010 from Al-Dewanyia 

River and influent to Al-Dewanyia Water Treatment Plant. Totally ten raw water samples were 

collected randomly as grab samples. These waters varied in DOC concentration, alkalinity and 

turbidity.  
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Coagulant Dose Determination Using Jar Tests.  

Jar tests were performed on Al-Dewanyia River water samples (high in turbidity) mixed with 

other natural waters (low in turbidity) to determine the ferric chloride demand exerted by the 

turbidity. The coagulants, ferric chloride (FeCl3) were used in jar tests (Fig. 4). 

 

 
 

Fig. 4. Jar test instrument  

 

A bench-scale jar-testing program that mimicked full-scale operating conditions in Al-Dewanyia 

water treatment plants was used. All tests were performed in 1-L jars at ambient conditions 

(~25
o
C) with automated jar-test equipment. Treatment pH was monitored upon initiation of the 

coagulant, and further adjustments were made using lime or acid (when required). 

Rapid mixing was performed for 1 min at 100rpm. Slow mixing was performed for 20 min at 

about 40rpm for floc agglomeration and final quiescent settling was about 1 hour [10]. Settled 

water samples were then collected from the port  located in the center of each jar cell. 

Determination of optimized coagulation conditions required evaluation of both optimal 

coagulant dosage and pH. Curves of pH titrations of raw waters using coagulants and sulphuric 

acid were determined as described [10].  

The selected coagulant dosages for each source of water in this work were the minimum amount 

required for fulfilling coagulation (turbidity reduction) in the acidic pH. Then to determine 

optimized coagulation treatments (organic reduction) for the constant coagulant dosage selected, 

a series of  bench-scale jar-tests were used to identify the optimal coagulation pH. This pH is 

specified as the highest pH at which there was maximum COD removal for that selected dosage. 

 

Analytical tests It is important to recognize that the natural organic content (NOM) of a water 

sample is often determined by use of TOC analyzer but for highly organic surface water sources, 

it is also possible to use COD (chemical oxygen demand) test as a cheap and still standard 

method [12]. By this test it would be possible to readily detect organic concentrations above 5 
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mg/L and for lower concentrations (up to 1 mg/L) detection is still possible by further precision 

in preparation of more dilute titrants. Concentrations below 1 mg/L can not be detected and 

samples with less than 1 mg/L COD exhibit a result similar to the blank. Although this result 

could also be reported for these samples, but for this project such samples had been omitted by 

avoiding treating samples with initial COD values of less than about 6 mg/L. 

Reagent-grade ferric chloride (FeCl3 anhydrous, reported as Fe
3+

) had been used as the 

coagulant.. Because the depression of coagulation pH can affect the turbidity level of the 

finished water, this parameter had been controlled as well and determination was performed by 

use of a nephelometric method. Table 3 represents the variation in COD and Turbidity for Water 

Samples from WTP and River at Different pH 

 

 

 

 

Table 3: Variation in COD and Turbidity for Water Samples from WTP and River at 

Different pH 

 

 

 

          pH 

 

Parameter 

 

Sample 1 

8
x 

4.1 5.1 6.1 7 8 10.1 

COD mg\l 14.5 4.7 13.6 12.1 2.4 1.8 3.3 

Turbidity NTU 130 22 14 2 0.8 1 0.97 

          pH 

 

Parameter 

 

Sample 2 

7.5
x 

4.4 5.5 6.4 7 7.6 9.1 

COD mg\l 40 35 21.6 28.3 17.1 19.4 27.3 

Turbidity NTU 40 4.7 3.1 2.3 1.8 2.1 2 

          pH 

 

Parameter 

 

Sample 3 

7.5
x 

4.4 5.5 6.4 7 7.6 9.1 

COD mg\l 22.5 11.7 6.6 7.1 1.4 8.8 7.3 

Turbidity NTU 37 30 1.4 1.32 0.6 3.1 0.97 

          pH 

 

Parameter 

 

Sample 4 

7.5
x 

4.4 5.5 6.4 7 7.6 9.1 

COD mg\l 26.5 11.7 7.6 6.1 1.4 8.8 7.3 

Turbidity NTU 28 2.7 1.4 1.2 0.5 2 1.97 

          pH 

 

Parameter 

 

Sample 5 

7.8
x 

4.7 5.9 9.1 10.1 - - 

COD mg\l 15.5 24.7 2.6 2.1 3.4 - - 

Turbidity NTU 15 5.7 0.95 0.7 2.8 - - 
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          pH 

 

Parameter 

 

Sample 6 

8
x 

6.1 7.1 8.1 10 - - 

COD mg\l 14.8 1.7 3.6 6.1 8.4 - - 

Turbidity NTU 5 1.0 0.9 1.7 2.8 - - 

          pH 

 

Parameter 

 

Sample 7 

7.5
x 

4.4 5.5 6.4 7 7.6 9.1 

COD mg\l 40 35 21.6 28.3 17.1 19.4 27.3 

Turbidity NTU 50 5.7 3.1 2.3 2.8 2.1 2 

          pH 

 

Parameter 

 

Sample 8 

7.5
x 

4.4 5.5 6.4 7 7.6 9.1 

COD mg\l 28.5 15.7 6.3 7.1 2.4 8.8 7.3 

Turbidity NTU 90 35 4.4 3.32 1.6 3.1 1.97 

          pH 

 

Parameter 

 

Sample 9 

8
x 

7.4 8.5 9 -
 

-
 

-
 

COD mg\l 16.5 11.7 12.6 12.1 -
 

-
 

-
 

Turbidity NTU 58 1.7 1.74 1.2 -
 

-
 

-
 

          pH 

 

Parameter 

 

Sample 10 

7.8
x 

5.4 6.5 7.4 8.5 9.6 10.6 

COD mg\l 12
 

1.7 1.9 4.1 7.1 7.3 11.3 

Turbidity NTU 45 22 0.9 1.7 1.8 1 0.88 

 

 

 
 

RESULTS AND DISCUSSIONS 

 
Graph showing the relationship between turbidity, pH, alkalinity, organic matter and 

coagulant dose with time shown in Figure 5. Turbidity, pH, Coagulant dose, tends to decrease (Fig. 

2b 2c, and 2e). As for alkalinity, and organic matters slightly tends to increase (Fig. 2a and 2d). 
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Figure 5. Relations between time and (a) coagulant dose, (b) turbidity, (c) pH, (d) alkalinity, and 

(e) organic matters 

 

Figures 6 and 7 summarize the jar-testing results for improved coagulation conditions of 

water samples from Al-Dewanyia River and influent to Al-Dewanyia Water Treatment Plant by 

ferric chloride for each pH of treatment. These tests were conducted using constant coagulant 

dosage (11 mg/L and 19 mg/L FeCl3, respectively) with varied pH of treatment [7]. It should be 

explained that to determine the amount of base (or acid)-coagulant combinations needed to 

achieve a desired pH for each raw water sample, titration curves were first developed. The 

program involved adding base or acid in increments until specific increased or depressed pH 

goals were achieved. The COD of each jar tested water was measured and then the percent of 

COD removal was plotted versus pH of treatment.  
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Fig. 6. Removal percentage of organic matter in various pH of water coagulation with 11 mg/l 

ferric Chloride, (samples from River) 

 

 
 

Fig. 7. Removal percentage of organic matter in various pH of water coagulation with 19 mg/l 

ferric chloride, (samples from Water Treatment Plant) 

 

 

The decision to implement optimization studies of conventional coagulation systems 

should be based not only on NOM removal alone but also on important considerations such as 

sludge production. Pointing to this necessity, treatment plants have to provide conditions that 

still sustain effective removal of NOM and turbidity without producing excess sludge. Thus, this 

study was aimed at establishing such conditions by decreasing the coagulation pH. Results of 

natural water treatment indicated that in all cases, decreasing the pH increased the COD removal 

and no restabilization or overdosing was observed over the pH range investigated. In fact, all 
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samples with lower pHs were generally more amenable to COD removal and this treatment was 

possible without formation of an important increase in turbidity level (maximum increase to be 

0.5 NTU and for all treated samples turbidity values were remained less than 2.5 NTU). As it 

could be seen from Figs. 6 and 7, about 40% reduction in organic matter content of both waters 

has happened only by one unit decrease in pH. Performing pair t-test for these 9 samples 

revealed that reduction of organic content of water samples was significant when pH of water 

treatment had been reduced only by one unit (P=0.001). By adjusting pH at 7.5, the mean 

reduction of organic matter was reduced to 4.6 mg/L [95% C.I., (3.37, 5.82)], meaning that the 

organics reduction occurred was statistically significant [65.4% (4.6/7.03)]. Similar analysis has 

been performed separately for each natural water sample and results indicated that mean 

reductions of organic matter were as much as 3.68 and 5.52 mg/L, respectively (with P-values of 

0.001 and 0.004, respectively).  These data indicate that 62.0% and 68.1% reductions in organic 

pollution of two source waters have occurred. The improved NOMs removal at lower pHs can be 

attributed to conversion of some dissolved forms of these pollutants to their nondissolved forms. 

In Al-Dewanyia water treatment plants, the pH depression can easily be achieved by 

discontinuing the lime addition or reduction in lime consumption. The increase in iron 

concentration of treated water was not significant (the mean value=0.02 mg/L and maximum 

0.08 mg/L as Fe). Likewise, the changes in turbidity level of water samples coagulated in lower 

pHs were not noteworthy; this meant that sources supplying water of Al-Dewanyia might be 

better coagulated in pHs less than the position source (water treatment intake), and without need 

to much increase in coagulant dose and subsequent sludge increase.  

 

CONCLUSIONS 

 

According to the results of this phase of the study it could be concluded that similar to 

coagulation of natural raw waters, it is possible to improve the reduction of organic matter of 

highly polluted water samples by changing the pH of treatment without suffering from the 

produced slight increase in turbidity level (maximum increase to be 0.5 NTU and for all treated 

samples turbidity values were remained less than 2.5 NTU).. However, as the initial turbidity and 

alkalinity of these samples were much more than the original sources, the effect of pH change 

was more significant. Because adding high dosage of coagulant to enhance coagulation at 

ambient pH may not always be operationally sound or cost effective, several researches by 

modifying coagulation process through changing pH have been performed in recent years. Our 

results confirm those of previous researches that pH of coagulation is a key component to 

optimal NOM removal and our final conclusion is that much more organic matter than those at 

higher pH levels would be removed by treatment of Al-Dewanyia water samples at less pH with 

ferric chloride. The results indicated that a modified coagulation process without need to much 

increasing the amount of coagulant can be developed for these water samples. 
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