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Abstract 
 
The management of Water quality means identifying the quantity and quality 

of pollutants for certain water resources, this study was conducted on the 

Euphrates river, especially at Shatt Al Kufa. Past observations of raw water 

at Kufa river station were gathered and analyzed for thirty months period, 

starting from January 2010 to June 2012, (temperature, total dissolved solids, 

turbidity, total hardness, electrical conductivity, magnesium, sulphate, 

hydrogen ion concentration, calcium and chloride) and verified with sample 

analysis from the year 2015 to 2017 in same months. The aim of this study 

reveals the quality of water samples collected. The relations among various 

parameters with regression analysis were investigated by using statistical 

analysis via software program "Data Fit" version 9.0. The present study 

showed Illegal industrial wastewater and domestic sewage discharged from 

adjacent areas to the river affecting contaminants cumulative. Temperature 

showed a strong positive correlation with turbidity while it's showed a strong 

negative correlation with pH and chloride. The measured values of turbidity 

fluctuated between 1.58 and 56 NTU, mean value was 10.74, so, this value is 

greater than recommended WHO limit 5NTU pH, mean value of electrical 

conductivity, all measured values of calcium, mean value of chloride were 

within the permissible limit of Iraqi and WHO. All values measured of 

sulfates higher than the allowable limit of  
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Iraqi and WHO standards.Peak value and arithmetic mean value of measured 

TDS were less than acceptable limit of Iraqi standards (1500 mg/l), while the 

high value 1212 is higher than WHO limits. Strong positive correlations with 

many parameters EC, TH, Mg and Cl, and moderate positive correlation 

value with Ca and So4 were noted.        

 

Keywords: water quality, statistical analysis, model regression, water 

parameters, Kufa station. 

 

1 Introduction 
 

Models of water quality are investigated to simulate the responses and 

flexibility of water resources under changing circumstances. These models 

have been used to aid predicting and explain the effects of anthropogenic 

activities on various water bodies, such as dissolved oxygen concentrations 

(DO) in streams, Lake Eutrophication, acid rain impacts on the natural water 

resources, also, impacts and negative effects of poisonous and toxic materials 

in freshwater bodies.The influences on water quality in various water bodies, 

which are taking of specific importance in a lot of water schemes, the 

greatest concern when the practical results decrease the aesthetics or the 

valuable use of water [12].Raw waters are endangering an increasing 

contaminant since the rapid growth of municipal and industrial activities 

such as to the enlarged of land drainage resulting from agricultural processes. 

High contaminants concentration in effluent discharges with high levels of 

salinity is reached to water body causing adjacent field and distant field 

pollution location.All these pollutants discharged are mixed with the water of 

the stream and are currently untreated and have serious negative effects on 

the water quality in rivers either in short term or in long term interval [14]. 

Enough and good water quality are necessary to life existence for plants, 

animals, and microbes. Certainly, water contamination in the numerous sites 

in the world causing aquatic animals and fish destroyed.  In other locations 

shellfish or some types of fish still stay alive, nevertheless are not suitable for 

eating because of contamination of meat. Humans prefer being nearby water 

bodies, but pollution makes humans not pleasurable because of risky 

swimming, terrible odours [9]. Monitoring of surface water uses regular and 

standardized national procedures for sampling to suppose the validity and 

significance of the water samples gathered. Our approaches also make sure 

that data observed can be compared with many locations; also, these 

measured data are stored in an efficient way for future recovery [3]. 

Numerous previous studies were conducted for different world rivers and in 

different methods and techniques. Huang et. al., [15] studied surface water 

quality, he used established principles and procedures in the basin of Tanshui 

River, to prove the using of land classification to the management of the 

surface water quality.  
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In this study, several techniques (cluster analysis, factor analysis, and 

discriminate analysis) were done for taxonomic land classification in 

watershed items [15]. Sakamoto et. Al [19] prepared a study to assess an 

export of contaminant coefficients from available observing records in the 

Fuji River, Japan. Then, the catchment-scale simulation used for loaded 

contaminants. Empirical model used for contamination loading. Contaminant 

movement assessment was applied to evaluate point source with non-point 

source contamination via records gathered from the catchment in major 

plants of wastewater treatment. The study showed that a minor contributor of 

nutrient loadings and total organic matter in the catchment from point source 

whereas the major contributor happened from non-point source 

contamination particularly from agriculture besides forest [19]. Studies of 

water quality have concentrated on many cases, where severe contamination 

issues arise particularly in greatly populated urban cities. Al Najaf city is a 

good case for such an example that yields a large quantity of wastewater 

from diverse and numerous sources which is reached to the Euphrates River 

directly without any type of treatment. Description of water quality and 

determine important reasons and sources for water contamination in Shatt Al 

Kufa represents the main objectives of the present study 

 

2 Study Area 
 

Al Kufa monitoring station sited on Shatt Al Kufa bank, for monitoring 

of the surface water quality, and adjacent the water treatment plant of Al 

Kufa city with coordinates (E044.4075, N32.03941), as shown in figure (1). 

The land surrounding of Al Kufa station is farming land, with some housing 

buildings and agricultural land on the other part. Al Kufa River flows in 

several villages and towns so it denotes the important source for various 

consumptions: Water supply, agricultural uses, and industrial uses. 

 
Figure 1: Map of the studying area and the sampling station location 
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3 Model Development 
 

Water quality parameters at Kufa river station (branch of the Euphrates 

River) were being collected and examined at each month, past observations 

extended from January 2010 to June 2012, these past observations used for 

forecasting the future model-based on the memory. The data collected 

comprise the temperature, total dissolved solids, turbidity, total hardness, 

electrical conductivity, magnesium, sulphate, hydrogen ion concentration, 

calcium and chloride. A statistical model was developed to represent the 

relations between water quality parameters; also, regression analysis is done 

by statistical software (Data Fit 9). To analyze the measured data, following 

methods were used: regression variable (t-ratio and Probability (t)), 

correlation matrix between parameters measured and Probability (F), 

suggested regression models illustrate in the table (1). 
Table 1: Suggested models 

Class Explanation of Equation 

i jixhxgxfxexdxcxbxaxy  987654321  
ii  jixhxgxfxexdxcxbxaxy  987654321exp

 
iii 

987654321 ixhxgxfxexdxcxbxaxy 
 

Where; 

kxxxx ,...,, 321 : Independent variables 
y : Dependent variable. 

ihgfedcba ,,,,,,,, : Coefficients of the model And  

j = constant term of the model 

 

4 Data Analysis 
 

Table (2) shows measured data of water quality parameters at Kufa river 

station: temperature, turbidity, total hardness, electrical conductivity, 

magnesium, Sulphate, Hydrogen ion concentration, Calcium and Chloride as 

independent variables, while total dissolved solids denote dependent 

variable. The statistics of water quality parameters show in the table of data 

statistics of variables no (3), and table (4) displays a correlation matrix of 

parameters used. Table (5) shows the best correlation equation of an 

exponential form from rank i with a determination coefficient of 86.02 R , 

and regression values are presented in table (6). Lastly, table (7) shows 

(ANOVA) analysis. The developed model of parameters used is shown in 

figure (2). Figure (3) to (12) shows the variation of measured parameters of 

Water River during the period of the study. The obtained model is verified by 

using measured values of the year 2015 to 2017versus values obtained from 
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the new model as shown in figure (13). 
Table 2: Variables used in the present study 

Variables                 Information variables kind 

X1 (Temp., ºC), Temperature  

 

 

 

   Independent 

X2 (T.U., NTU), Turbidity unit 

X3 (pH) Hydrogen Ion concentration 

X4 (EC, µs/cm), Electrical Conductivity 

X5 (TH, mg/ L), Total Hardness 

X6 (Ca, mg/ L), Calcium 

X7 (Mg, mg/ L), Magnesium 

X8 (Cl, mg/L), Chloride 

X9 (So4, mg/ L), Sulphate 

Y (TDS, mg/ L), Total Dissolved Solids        Dependent 

 

5 Discussion 
 

    Table (4) shows the correlation matrix of parameters used to assess the 

water quality in Kufa river station, evaluation of correlation Strength 

(negative and positive) is using the stats tutor guidelines: a) weak: -0.30 

to+0.30, b) moderate: -0.30to -0.50 or 0.3 to 0.5, c) strong: -0.50 to -0.90 or 

0.5 to 0.9, d) very strong: -0.90 to -1.0 or 0.9 to 1.0 

(http://www.statstutor.ac.uk), temperature fig. (3) Showed the temperature 

variations in the Water River between 14 °C to 37.9 °C with a mean of 24.82 

°C. good drinking waters are a cold and not have a temperature. Surface 

water and groundwater flow from rocky regions usually meet these 

characteristics. Many researchers find that water temperature ranging 

between 10 º C–15 º C and it is most pleasant. The treated water furnished to 

the municipal sector has not adjusted the temperature. Yet, the water 

temperature may be considered an important objective for water quality for a 

client and might be a key consideration in water source selection [10]. 

Maximum summer values recorded in June and July 29.5, 31.4, in 2010, 

respectively, while in same months in 2011 were 33, but the temperature of 

the river in June 2012 was 37.9. On the other hand, water temperature in 

winter was minima 18.3 and 14 in 2010 and 2011, respectively. Temperature 

showed a strong positive correlation with turbidity while it's showed a strong 

negative correlation with pH and chloride, and this agreed well with the 

previous study [7]. Turbidity, particulates present in water caused turbidity. 

Measured in Nephelometric Turbidity Units [NTU] or sometimes in [Jackson 

turbidity [JTU], excessive turbidity makes pathogens to disappear and, 

therefore, be disinfection resistance [1].Turbidity happens when tiny particles 

(silt, clay, plankton, inorganic, organic substance, and various 

microorganisms will be mixed and flow with water. The levels of turbidity in 

the surface water sources as rivers, lakes are much higher than groundwater.  
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High levels of turbidity occur in rainfall season or snow melting, this 

approved in another study and [6]. The measured turbidity values extended 

from 1.58 to 56 NTU, and the mean value was 10.74, so, this value is greater 

than recommended WHO limit 5NTU [8]. Strong positive correlation with 

temperature was found as mentioned above, while a moderate negative 

correlation was found with chloride and pH, pH, pH of a liquid is a measure 

of hydrogen ion concentration (H+), also, it is a measure of acidity or 

alkaline content [17-18]. The pH amounts range from 0 to 14, where pH 

value 7 shows neutral water; and the values less than 7, indicates acidity 

increased; while the values higher than 7, shows an increase of alkalinity, pH 

determination helps in the corrosion control, find of appropriate chemical 

dosages, and suitable disinfection process [12]. Figure (5) Showed the 

variations of PH from7.2 (October 2010) to 8.2 (February 2011) and with a 

mean of 7.74 as shown in figure (4). All measured pH values in the river at 

the permitted Iraqi and WHO values (table 8). Strong negative correlation 

with temperature was found, while a moderate negative correlation was 

found with turbidity and positive with chloride, electrical conductivity (EC), 

figure (6) showed electrical conductivity which denotes the measure of the 

capability of water to conduct electricity, depending on the concentration of 

the dissolved ions in the water. Natural waters contain dissolved ions which 

comprise of several combinations of the following ions sodium, calcium, 

magnesium, carbonate, potassium, bicarbonate, chloride, sulfate, aluminium, 

nitrate, and phosphate, conductivity measurement is an easy and quick 

method to find a total dissolved solids (TDS) quantity in natural waters, then 

ions will be formed by these dissolved solids.While total dissolved solids 

may contain organic besides inorganic molecules, electrical conductivity 

depends only on dissolved ions [16]. EC measurement is varied between934 

(March 2012) and 2062 (March 2011) with a mean of 1559.83.EC has a 

significant positive correlation with TDS agreed well with Al-Heetyet. al., 

[13] and total hardness, also, it has a moderate positive correlation with 

chloride, magnesium, and calcium, respectively. Hardness, figure (7) showed 

total hardness (TH)which characterizes magnesium and calcium dissolved in 

water causes hardness and is measured in part per million (ppm). Also, water 

hardness may be occurred due to iron in the water. Soft water and hard water 

are relative items. Consequently, the cleaning action of detergents, shampoos 

and soaps are retarding by water hardness causing more work and additional 

cost through cleaning processes [4].The measured values of hardness 

fluctuatedbetween370-640 mg/l, mean value was497 mg/l. Thirteen samples 

exceed permissible Iraqi and WHO limits. A strong positive correlation 

between TH and TDS was found, this agreed well with Al-Heety et. al., and 

with calcium, magnesium, chloride, and EC, respectively.Calcium gives a 

real indicator to the water hardness and a stabilizing of pH. The measured 

values of calcium fluctuatedbetween77.0-170.4 mg/l, mean value was117.08 

mg/l as shown in figure (8).  
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All measured values at the permitted Iraqi and WHO values (table 8). 

Strong positive correlation with total hardness was noted, because of calcium 

and magnesium gives a real indicator to the water hardness [1]. Figure (9) 

showed magnesium variations, maximum value 94.5 mg/l recorded at 

December 2010, while minimum value was 34.5 mg/l at August 2011, mean 

value of measured Magnesium was 49.82 mg/l, this means the value is 

compatible at the permitted Iraqi and WHO values (table 8), while thirteen 

samples exceed than permissible limits. A strong positive correlation 

between magnesium, total hardness, total dissolved solids, and chloride was 

distinguished. Chloride in water bodies formed when the water comes in 

contact with soil and in shoreline areas from saltwater interference. 

Furthermore, domestic, agricultural, and industrial wastewaters discharged 

are an important source of chlorides in the water bodies [11].  

Moreover, chlorides in domestic wastewater are resulting from human 

faces and cooking. Chlorides variations showed in Figure (10) with a range 

from 116 (in July 2011) to 258 mg/l (in March 2011). The mean value of 

chloride measured177.63 mg/l was within the allowable Iraqi and WHO 

limits, nevertheless, some values were higher than permissible limits 200 

mg/l, this agreed very well with the similar study [2]. 

 A strong positive correlation between chloride and total hardness, total 

dissolved solids, and magnesium, respectively was noted, and presented a 

strong negative correlation with temperature and turbidity, respectively. 

Sulfates may be occurred naturally in many different minerals, comprising 

epsomite (MgSO4·7H2O), gypsum (CaSO4·2H2O) and barite (BaSO4), 

which represent as the mineral content of water. Sulfates and sulfuric acid 

matters are used in many processing and industries, such as the production of 

fertilizers, glass, chemicals dyes, soaps, fungicides, textiles, paper, 

insecticides, furthermore, they are used in wood pulp, mining, leather 

processing and in wastewater treatment (Quality, 2004). Range of Sulfates 

values was253-551 mg/l, and a mean value was324.83 mg/l as shown in 

figure (11). All values measured higher than the allowable limit of Iraqi and 

WHO standards. Values of sulphate revealed a moderate positive correlation 

with magnesium, total hardness, chloride and TDS, respectively. Total 

dissolved solids (TDS), can be defined as the weight per unit volume of total 

nonvolatile and volatile solids that dissolved in wastewater or water after 

filtering of a sample to eliminate suspended solids and colloidal particles 

[16].  

The measured values of TDS fluctuated between 470 - 1212 mg/l, 

arithmetic mean value was 895.27 mg/l as showed in figure (12). Peak value 

and arithmetic mean value of measured TDS were less than acceptable limit 

of Iraqi standards (1500 mg/l), while the high value 1212 is higher than 

WHO limits. Strong positive correlations with many parameters EC, TH, Mg 

and Cl, and moderate positive correlation value with Ca and So4 were noted. 
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5.1 Verification of the Regression Model 
 

Model verification was done by using data of the year 2015 to 2017 

versus modelling data in figure (13), correlation factor between them was 

(0.53) as shown in table 3. 
Table 3: Statistics of variables 

Variable X1 X2 X3 X4 X5 X6 X7 X8 X9 Y 
St. 

Dev 

NO. of 

Pts 
30 30 30 30 30 30 30 30 30 30 0 

Miss 

pts. 
0 0 0 0 0 0 0 0 0 0 30 

Max 

Value 
37.9 56 8.2 2062 640 170.4 94.5 258 551 1212 0 

Min 

Value 
14 1.58 7.2 934 370 77 34.5 116 253 470 0 

Range 23.9 54.42 1 1128 270 93.4 60 142 298 742 0 

Average 24.8 10.7 7.7 1559 497.0 117 49 177.6 324.8 895. 0 

Stan. 

Dev. 
6.3 11.5 0.2 258 76.5 21.5 12 30.86 62.481 184.4 0 

 

Table 4: The Correlation matrix in Al-Kufa station 

Correlation Matrix  

 X1 

Tem 

X2, 

Tur 

X3, 

pH 

X4, 

EC 

X5, 

TH 

X6, 

Ca 

X7, 

Mg 

X8, 

Cl 

X9, 

SO4 

Y, 

TDS 

X1 1          

X2 0.527 1         

X3 -0.56 -0.30 1        

X4 0.284 0.194 -

0.142 

1       

X5 -0.22 -0.06 -

0.061 

0.51

6 

1      

X6 -0.10 0.014 0.111 0.36

9 

0.72

4 

1     

X7 -0.22 -0.10 -

0.202 

0.37 0.71 0.028 1    

X8 -0.54 -0.50 0.315 0.44

3 

0.58

7 

0.317 0.527 1   

X9 -0.16 0.013 0.045 0.22

7 

0.46

6 

0.187 0.484 0.3

99 

1  

Y 0.122 0.017 -

0.103 

0.82

5 

0.7 0.363 0.644 0.5

52 

0.31 1 
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Table 5: Best Model of variables 

Model 

Std. 

Error 

Residual 

Sum 

Residual 

Avg. RSS R2 

jixhxgxfxexdxcxbxax  987654321
 

83.1 

-1.637E-

11 

-5.5E-

13 13811 0.86 

 

Table 6: Coefficients of Regression results and 95%confidence intervals 

Regression Variable Results 
  

Var. Value Standard Error t-ratio Prob(t) 

a 7.593898431 4.698418917 1.616266783 0.1217 

b -1.383527263 1.929003409 -0.717223856 0.48153 

c 125.7261534 89.17061518 1.4099505 0.17392 

d 0.372851519 0.109956493 3.390900438 0.0029 

e 35.10321117 76.74106084 0.457424106 0.6523 

f -86.50507271 192.0673881 -0.450389176 0.65727 

g -136.2997923 314.7411814 -0.43305357 0.66961 

h 0.324072262 1.197836575 0.270547977 0.78951 

i -0.246742357 0.304468272 -0.810404171 0.42725 

j -1339.793763 769.0456782 -1.742151085 0.09684 

95% Confidence Intervals 
  

Var. Value 95% (+/-) Lower Limit Upper Limit 

a 7.593898431 9.800901862 -2.207003431 17.39480029 

b -1.383527263 4.023901111 -5.407428374 2.640373848 

c 125.7261534 186.0099033 -60.28374983 311.7360567 

d 0.372851519 0.229369244 0.143482275 0.602220763 

e 35.10321117 160.0818529 -124.9786417 195.1850641 

f -86.50507271 400.6525715 -487.1576442 314.1474988 

g -136.2997923 656.5501044 -792.8498967 520.2503121 

h 0.324072262 2.498687096 -2.174614834 2.822759357 

i -0.246742357 0.635120815 -0.881863172 0.388378457 

j -1339.793763 1604.229285 -2944.023047 264.4355219 
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Table 7: Analysis of Variance 

Analysis of Variance 
   

Source DF Sum of Squares Mean Square F Ratio Prob(F) 

Regression 9 848926.3536 94325.1504 13.65868068 0 

Error 20 138117.5131 6905.875654 
  

Total 29 987043.8667 
   

 

Table 8: Permissible limits of domestic water standards in Iraqi and World Health 

Organization guide [5] 

Water quality 

parameter 

Domestic water 

standards Iraqi WHO 

pH 6.5-8.5 6.5-8.5 

Ec 2000, s/cm  

Ca 200, mg/L 75-200 

Cl 200, mg/L 250-600 

Mg 50, mg/L 30-150 

TA 170, mg/L 5-200 

TDS 1500, mg/L 500-1000 

TH 500, mg/L 100-500 

Tur <10, NTU 5-25 

So4 200, mg/L 200-400 

 

 
 

Figure 2: A developed model of water quality
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Figure 3: Temperature Variations 

 

 
Figure 4: Turbidity Variations 

 

 
Figure 5: pH Variations 
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Figure 6: Electrical Conductivity Variations 

 

 
Figure 7: Total Hardness Variations 

 

Figure 8: Calcium Variations 
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Figure 9: Magnesium Variations 

 

 
Figure 10: Chloride Variations 

 

 
Figure 11: Sulphate Variations 
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Figure 12: Total Dissolved Solids Variations 
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Figure 13: Model Verification 
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6 Conclusions 
 

The present study assessed the current water pollution conditions of Al 

Kufa River. The following conclusions are obtained from the results of the 

present analysis: 

 Illegal industrial wastewater and domestic sewage discharged 

from adjacent areas to the river affecting contaminants cumulative. 

 Temperature showed a strong positive correlation with turbidity 

while it's showed a strong negative correlation with pH chloride. 

 The measured values of turbidity fluctuated between 1.58 and 56 

NTU, the mean value was 10.74, so, this value is greater than recommended 

WHO limit 5NTU. 

 pH, mean value of electrical conductivity, all measured values of 

Calcium, mean value of Chloride was within the permissible limit of Iraqi 

and WHO. 

 All values measured of Sulfates greater than the allowable limit 

of Iraqi and WHO standards. Values of sulphates revealed a moderate 

positive correlation with magnesium, total hardness, chloride, and TDS, 

respectively. 

 Peak value and arithmetic mean value of measured TDS were 

less than acceptable limit of Iraqi standards (1500 mg/l), while the high value 

1212 is higher than WHO limits. Strong positive correlations with many 

parameters EC, TH, Mg and Cl, and moderate positive correlation value with 

Ca and So4 were noted. 

This research is focusing on weight optimization of compression helical 

spring and compared these results with the magnitude of reduction of 

stiffness of spring. All data for analysis of performing under static load 

conditions present excellent high reduction of mass of spring. Hence, its 

possibility uses hollow compression spring in a place of solid compression 

spring with little change in stiffness and this obviously will reduce the weight 

of spring and subsequently impact on energy saving. Further works are 

needed to change the type of loads of static load to dynamically load and 

identify the performance of these springs under these conditions 
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