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ABSTRACT 
 

Saod WM, Rashid FA, Turki AM, Mansoor Al-Taee MJ., Water quality indices for Euphrates River, 
Onl J Vet Res., 23 (5):407-413, 2019. Authors describe bacteria, physical and chemical 
properties, conductance, suspended and dissolved solids, pH, hardness, trace and heavy metals 
for water quality index (WQI) from 5 samples of different locations of the Euphrates River, 
Ramadi, Iraq, Spring 2018. We found aerobic bacteria reached 114*10-8 cell/ml with 
Enterobacter amnigenu, Klebsiella aerogenes, Pseudomonas spp, Escherichia coli, Proteus sp, 
Shigella spp and Streptococcus faecalis predominating. Water pH varied 7.6-7.8 with 
742±2mg/L dissolved solids and hardness of 1333.2±38 mg\L exceeding limits of 500 and 1000 
mg\L. Sodium levels were 145.1 ± 0.94 and potassium 11.08 ± 1.06mg/L (within limit).  Calcium 
(105±7 mg/L), magnesium (56.4±6.4 mg\L) and sulphate (265.6±1.47 mg/L) exceeded permitted 
levels whereas and nitrate ions were below limit (2.2± 0.8mg/L). Conductance was 1245.2±91 
µs\cm exceeding limit of 750 µs\cm and total suspended solids 215±37.5 mg\L, well above limit 
of 50 mg\L. There were no significant correlations between water quality and conductivity, 
hardness, calcium but there was with coliform count (P 0.001) and magnesium levels (P < 0.05). 
We find that water samples from The Euphrates River, Ramadi, Iraq, were of poor quality, and 
should not be ingested by animals or humans  
 
Key Words: Euphrates River, Water pollution, Chemical, Microbial, WQI 
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INTRODUCTION 
 

Water pollution is defined as presence of unwanted materials, changes in quality (1) or not 
potable (2)(3). Quality of potable water has been standardized by WHO (4) and prevalence of 
deaths due to ingestion of polluted water has been estimated at ~3.1% (5). Water can be 
contaminated with toxins such as arsenic, copper, manganese, silver, aluminum, cadmium or lead (6). 
When concentrations of some trace elements increase beyond limits, they may become toxic (6). A main 
source of infection is ingestion of water contaminated with pathogenic bacteria from human and animal 
feces which may also pollute fresh potable water by containing pathogenic bacteria (7-10). Diarrhea 
associated with ingestion of polluted water is a major public health issue especially in children under 5 
years and poor or unsanitary conditions (11). The water quality Index (WQI) is used to gauge potability 
of water (12). Authors report WQI based on chemical pollutants, contamination, conductance and 
particles in water samples taken from different locations of the Euphrates River, Ramadi, Iraq 
 

MATERIALS AND METHODS 
 
Five 250ml water samples were siphoned from The River Euphrates, Ramadi city, Iraq under 
sterile conditions into bottles as illustrated in Figure 1 below. The samples were analyzed at The 
Department of Chemistry, University of Anbar, Iraq. Microbiological analysis was performed 
immediately to avoid alterations in bacterial populations. 
 

 
Figure 1. Ramadi City sampling location on Euphrates River. S1 Omer Bin Abdulazize, S2 Alhooz, 
S3 Alqasim, S4 Elboatha and S5 Elbofaraj 

 
Various physio-chemical factors namely total suspended solid (TSS), pH, TDS (total dissolved 
solids), conductivity were determined by standard titrimetric methods, Sodium, potassium and 
calcium were determined by Atomic Emission Spectrophotometry (AES) as described (12). 
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Magnesium, copper, zinc, nickel, Chromium and manganese were estimated by Atomic 
Absorption Spectrometry (AAS) (12). Standard solutions of 1000 mg/L were prepared for 
titrations.  Lead and Cadmium were assessed by using (Graphite Furnace Atomic Absorption 
Spectrometry) GFAAS (12). Sulfate, nitrite and nitrate were assessed by using UV-VIS 
spectrophotometric analysis. Nitrites, nitrate and Sulfate were measured at 275, 543, 420 nm 
respectively. The WQI of Euphrates River was calculated using CCMEWQI method as described 
(13). For more details about CCMEWQI were documented in CCME (13). The following relations 
are used to calculate the index scores of CCME WQI technique: 
 

                                                                                                                             (1) 

 

Where F1 (scope) represents the percentage of variables that do not meet their objective at 
least once during the time period under consideration (״ failed variables), relative to the total 
number of variables measured.  

 

                                  (2) 

 

Where F2 (frequency) represents the percentage of individual tests that do not meet objectives 
 (failed tests ״)

F3 (Amplitude) represents the amount by which failed test values do not meet their objectives. 
F3 is calculated in three steps: 

1. The number of times by which an individual concentration is greater than (or less than, 
when the objective is a minimum) the objective is termed an excursion ״   and is ״ 
expressed as follows .When the test value must not exceed the objective: 

 

                                                                                                                               (3a) 

 

For the cases in which the test value must not fall below the objective: 

 

                                                                                                                                   (3b) 
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If the objective equals zero:  

                                                                                                                         (3c) 

2. The collective amount by which individual tests are out of compliance is calculated by 
summing the excursions of individual tests from their objectives and dividing by the 
total number of test (both those meeting objectives and those not meeting objectives). 
This variable, referred to as the normalized sum of excursions, or nse , is calculated as : 

 

                                                                                                                                (4) 

 

3. F3 is them calculated by an asymptotic function that scales the normalized sum of the 
excursions from objectives (nse) to yield a range between 0 and 100. 
 

                                                                                                                     (5) 
 

The CCME Water Quality Index (CCMEWQI): 

 

                                (6) 

 
Bacterial counts were determined in 100µL water serially diluted and aseptically cultured onto 
brain heart infusion agar, each sample was cultured onto 2 plates incubated 24h at 37 ◦C with 
counts as CFU/ml. Bacterial were identified on MacConkey, blood agar, EMB (Eosine Methylene 
Blue) Salmonella Shigella Agar (S.S Agar) Shigellac ,cholera and brilliant green agars. cultured for 
24h. at 37˚C. Cultures were subcultured for Gram stain and identified by VITEK 2. 

 
RESULTS  

 

Results are shown in Tables 1 and significant correlations on Figures 2 and 3 below.  
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Table 1. Physicochemical Analysis of Water Samples from The Euphrates River, Ramadi, Iraq, 

 
 

 
Table 2: Water Quality Indices for water samples from The Euphrates River, Ramadi, Iraq.  

 
 

 
Table 3: Trace elements and heavy metals (mg/L) in water samples from The Euphrates River.  

 
 
 
 
 
 
 
 

Table 4: Bacteriological analysis of Euphrates River in Ramadi City 

 
 

 

WHO Standard 
(14) 

Elbofaraj 
(5) 

Elboatha (4) Alqasim 
(3) 

Alhooz (2) Omer Bin 
Abdulazize (1) 

Parameters 

7-8.5 7.8 7.7 7.8 7.6 7.7 PH 
50  176 270 192 300 140 Total solids (TSS) (mg\l) 

750 1375 1000 1312 1354 1247 Conductivity (µs/cm)  
500 782 602 776 804 746 Total dissolved solids 

TDS (mg\l) 
1000 1211.5 1588 1474.06 1242.28 1150.16 Hardness (TH) (mg\l) 
200 140.5 143.4 150.6 144 147 Na(mg\l) 
75 10.6 11 9.8 10.8 13.2 K(mg\l) 

250 95 125 116 98 91 Ca(mg\l) 
50 56.3 68 63.5 50.6 43.6 Mg(mg\l) 

250 261.84 245.827 280.06 271.6 268.5 SO4(mg\l) 
50 1.479 3.820 2.796 2.432 0.5 NO3(mg\l) 
50 0.094 0.046 0.08 0.067 0.8 NO2(mg\l) 

Water quality Index Sample water Code 
35 Omer Bin Abdulazize (1) 

34.5 Alhooz (2) 
44.8 Alqasim (3) 
42.4 Elboatha (4) 
38.4 Elbofaraj (5) 

5 4 3 2 1 Parameters 
0.025 0.019 0.013 0.021 0.015 Cu 
0.013 0.018 0.027 0.014 0.023 Zn 
0.014 0.011 0.021 0.015 0.022 Ni 
0.01> 0.01> 0.01> 0.01> 0.01> Mn 
0.01> 0.01> 0.01> 0.01> 0.01> Cr 
0.01> 0.01> 0.01> 0.01> 0.01> Pb 
0.01> 0.01> 0.01> 0.01> 0.01> Cd 

Vibrio cholera Salmonella Shigella Log CFU Log TPC Sample water Code 
N.S N.S 5.813 9.57 Omer Bin Abdulazize (1) 
N.S N.S 5.5 9.6 Alhooz (2) 
N.S N.S 5.6 10.0 Alqasim (3) 
N.S N.S 5.64 9.845 Elboatha (4) 
N.S N.S 5.7 9.72 Elbofaraj (5) 
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Table 5: Bacteria found in The Euphrates River, Ramadi, Iraq. 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Correlation (R2=0.79) between magnesium with water quality (Pearson’s test). 
 
 

5 4 3 2 1 Parameters   
+ + + + + E.Coli 
+ + + + + aerogenesKlebsiella 
+ + + + + Citerobacter braki  
+ + + + + Enterobacter.amnigenu 
+ + + + + Pseudomonas spp 
+ + + + + Escherichia coli 
+ + + + + Proteus sp 
+ + + + + Shigella sp 
+ + + + + Sterptococcus faecalis 
+ + + + + Aerogenes 
- - - - - Salmonella typhosa 
- - - - - Vibrio cholera 
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Figure 3. Pearson' correlation of coliform counts versus water quality index (P < 0.001) 
 

 
DISCUSSION 

 
CCME WQI water standards are 95 – 100 excellent, 80 – 94 Good, 65 – 79 Fair, 45 – 64 Marginal 
and 0 – 44 poor (15), therefore our WQI of 35-45 (Table 2) suggests that water quality of the 
Euphrates River in Ramadi, Iraq is poor (13). pH varied 7.6 to 7.8 an acceptable value below the 
limit of 8.5 (14). Ph reflects alkaline and acid constituents in river water possibly due to 
carbonates, bicarbonate and carbon dioxide (16). Conductivity, a measure of water capacity to 
transport electricity, was quite high at 1150 to 1588 above the recommended 750µS/cm (14). 
which may have been due to high salt content as described (17). 
 
Total solids as shown in Table 2 were in excess of WHO limits (500mg/L) ranging 602 to 804 
mg/l. Calcium (Ca+3) ranged 19 to 125 mg/l well below recommended levels of 150mg/L (14), 
and magnesium (Mg+2) 43.6 to 68 mg/l are found in high concentrations in groundwater in the 
form of bicarbonate, sulphate or chloride in a lesser extent. Water hardness ranged 1000 to 
1375mg/l. Surface water above 1000 mg/l is regarded as very hard. Sodium 140.5 - 150.6 mg/l, 
potassium 11.08 mg/l and calcium were below who limits but sulphates 348.8 to 280.06 mg/l 
above. The sulphate concentration is possible to react with different human organs when level 
is exceeding above the acceptable limit of 400 mg/l. The NO3 level in the river water is detected 
from 0.5 to 3.82 mg/l with 2.2mg/l average. While NO2 value in the water of river is detected to 
be 0.046 to 0.8 mg/l) as in table (1). 
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We found no significant correlations between water quality (WQI) and conductivity, hardness, 
calcium but did with coliform count (P <0.001) and magnesium levels (P < 0.05). We detected 
high count of aerobic bacteria of ~59.8*10-8cell/ml for all samples of 46.6 × 10-4 cfu/ml (Table 
4). In fact we found very high levels of coliform in all samples probably from refuse sewage and 
dump sites. The bacteria found are typically isolated from feces in sewage, dump or dredging 
sites (18) including  S. aureus, Pseudomonas spp, E. coli and Shigellas spp which we isolated. 
The isolates per se are not pathogens, but in water can suggest other pathogens (19, 20). 
Rahman.I.A.K et al (2009) report similar findings to ours. Except for sulphates, nitrtes and trace 
metals did not exceed WQI limits (Table 1)  
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