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Abstract 

The current study was carried out in Najaf governorate within the Kufa district to measure the contamination rate in 
the Euphrates River (Shatt al-Kufa) and the length of the study area was approximately 25 km. The purpose of this 
study is to determine the variables (physical and chemical) affecting water quality ( such as temperature, color, taste, 
and pH and electrical conductivity and dissolved salts and solids floor) within the study area and connect them with 
remote sensing technology through linking the results of these tests with the values of the reflectivity spectral 
extraction, correlation coefficient and measuring the concentration of solids total solid (TSS) in water for different 
sites of Najaf province and compare them with the concentrations estimated through satellite images, the samples 
were collected study of (10) sites on (2019-8-28) starting from the north of Kufa - The Zarqa area south of the Kufa 
bridge cement factory, measurements were made between 9 a.m. and 1 p.m. in conjunction with the Landsat 8 satellite 
imagery (oli Results of the correlation analysis between the reflectivity (r) of the degrees of remote sensing and (TSS) 
in the Kufa Laboratory-Association for Life Sciences, Band (4) the highest correlation and accuracy reached:                     
((r = 0.935, R² = 0.876, RMSE = 0.3033, MRE = 0.0177%) in While band (1) was less coherent and accurate as it 
reached: ((r = 0.312, R² = 0.097, RMSE = 6.523 mg/l, MRE = 0.392%). 
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Introduction 

Water is the secret of life for all living things and an 
important source where it enters the components 
of the elements of the environment, and it 
represents the first basic needs of man and an 
initial material that cannot be replaced by 
another[1]. Water sources in Iraq make up about 
15% of its area and in various forms, including 
rivers, lakes and streams.... It is necessary to ensure 
and sustain these sources of human beings, so 
water quality control, including physical, chemical 
and biological properties, is essential to protect the 
sources of such water from pollution[2]. Pollution 

is defined as any damage or malfunction of the 
ecosystem caused by human intervention[3].Or 
sudden or gradual change in physical, chemical, or 
geological properties[4]. These pollutants are 
either natural or human-induced, such as industrial 
or agricultural activity, which constitutes the vast 
proportion of sources of pollution in water, air, and 
soil. 
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Most researchers agree to define pollution as any 
resource effect that causes some substances to be 
introduced into the ecosystem that may affect the 
lives of organisms[5]. This problem has become a 
global problem in the first place. This is because 
pollutants generally do not define political 
boundaries or natural intervals between States and 
continents, when relevant specialists and 
researchers are forced to seek non-traditional 
methods of monitoring this phenomenon and to 
increase technical development in all areas, remote 
sensing technology is an important technology with 
high potential for pollution control Water from 
various platforms (ground, air and space) With 
data and information provided by these 
technologies from a region with a standard time 
period compared to traditional methods, remote 
sensing is the most efficient and most suitable tool 
for acquiring data that occupies large areas 

compared to traditional methods, air images are 
among the most important sources of remote 
sensing and a quick way to track spatial differences 
The use of this technology reduces cost and saves 
time[6]. 
 

Materials and methods 

Study Area 

The boundaries of the area of study within Kufa 
district in Najaf province, 10 km of eastern north 
Najaf, 170km south of Baghdad, the capital of Iraq, 
and extending astronomically between two 
exhibition districts (31°59'8"-32°5'49") north and 
two longitude (44°27'1"-44°22'9") east[7], and 
selecting (10) different locations on the Euphrates 
(Shatt al Kufah) were elected. To carry out the 
required checks to detect the level of 
contamination as shown on the map (No.1).  

 

Figure 1. Location of the study area in Iraq and sampling locations 

 

Sampling collection and Landsat 8image 

The samples were collected on August 
(28/8/2019) at 7:00 a.m. to 11:00 p.m. this is the 
preferred time for sampling to achieve approximate 

synchronization with space recordings, to ensure a 
good state of moderate brightness and 
temperature, and to be the time that sewage is at its 
peak for maximum impact on city conditions In 
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water quality.10 samples were selected and 
collected according to field survey of study area 
(which represents parts of the Euphrates River 
within Kufah city between the Al-Zarka area and 

cement plant bridge), by clean, 1-liter cans filled, 
emptied of air and closed tightlyat a depth of about 
30 cm ,the sampling locations were determined 
using a handheld Global positioning system (GPS ). 

Table 1. Contains Results of physical and chemical parameters of selected samples of the waters of the Shatt al-Kufa 28/08/2019 

TSS 
mg/l 

TDS 
mg/l 

EC 
µs/cm 

Temp. pH 
Latitude 

Northing 

Longitude 
Easting 

Code 
Stations 

Location Stations 

59.2 429 952 32° 9.1 32°5'49" 44°22'9" S1 Zirka area 

112.9 450 952 32° 8.9 32°5'10" 44°22'28" S2 Al - Zarka Water Project 

111.2 440 944 32° 8.7 32°3'32" 44°23'34" S3 
Agricultural house 
towards Zarka area 

85.5 573 1290 32° 8.2 32°2'54" 44°23'50" S4 The Northern Incubator 

85.9 449 977 32° 7.56 32°2'33" 44°24'6" S5 The Kufa Water Project 

107.1 465 992 32° 7.72 32°2'20" 44°24'31" S6 Opposite SikkaStreet 

102.6 446 978 32° 7.48 32°2'2" 44°24'48" S7 
Near the Palace of 
Hospitality 

70.1 496 1022 32° 7.54 32°1'42" 44°24'54" S8 The area of the animals 

140.3 551 1244 32° 7.55 32°0'50" 44°25'42" S9 
Unit treatment of the 
volcanic station 

70.8 441 976 32° 7.26 31°59'8" 44°27'1" S10 Cement Plant Bridge 

The quality of water of the Euphrates River (Shat 
Kufa) can be assessed in the study area to 
determine its suitability for the purpose of 
domestic uses according to the Iraqi Standards 
Standard, Table (2). 
Table 2. Shows the chemical determinants of water for domestic use 
according to Iraqi standards[8]. 

Parameter Unite Limit 
PH - 6.5-8.5 
EC µs/cm 2000 
TDS mg/l 1000 
TSS mg/l 60 
 

Analysis of Space Data  

The digital processing of the space image was 
performed using the software (ArcGIS10.5 & 
Envi4.5), the processing process involved 
converting data for space visualization from digital 
numbers dn to reflexive values, using the following 
equation according to USGS (2016) and as follows 
[9]: 

               (1) 

Where :-  

:   : degree of reflection without correcting the 
angle of the sun.  

:  : the constant reflection factor by channels 

(BANDS) is extracted from the Metadata data file 
for satellite visualization.  

:  : the added scale factor, also extracted from the 

Metadata data file for space visualization. 

:    : Pixel values (dn) are its measure from space 
visuals.  

After conversion to reflective values without 
correction of the solar isocentric angle, the 
resulting values are inversely at the outer (top) 
level of the gas envelope, so correction should be 
made to obtain reflection from Earth's surface 
through the following equation[10]:  

   
   

      
  (2) 

Where:  

:  : reflecting from surface.  

:   : the reflection at the top of the gaseous shell. 

 

Results and Discussion 

After conversion from numeric values to reflexive 
values, by finding the correlation between spectral 
reflectance and its physical and chemical 
properties, TSS was chosen (because it is one of the 
most important pollutants in aquatic 
environments). extract the correlation coefficient 
and each spectral packet, as shown in Table 3.  (R) 
and the coefficient of determination (R²) between 
reflexive and TSS (mg/L) extend between (0.312-
0.935), (0.097-0.876) respectively. 

BAND4-red is the highest correlation (R=0.935) 
and the determination coefficient of (R²=0.876) at 
the same time, then BAND1-Ultra blue (R=0.312) is 
the lowest correlation coefficient (R²=0.097). 
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Table 3. Table establishing the correlation between TSS field trakings 
values) and specimen specimen specimens (7-1) on 28/08/2019  

Coefficient of 
Determination 
(R2) 

Correlation 
Coefficient 
(r) 

Regression 
Equation 

No. bands 

0.097 0.312 
y = 582.9x 
- 9.069 

band1-
Ultra-
blue 

0.342 0.584 
y = 815.5x 
- 42.35 

Band 2-
Blue 

0.183 0.428 
y = 448.3x 
- 21.56 

Band3-
Green 

0.876 0.935 
y = 731.3x 
- 22.22 

Band4-
red 

0.751 0.866 
y = 374.6x 
- 19.2 

Band5-
NlR 

0.594 0.770 
y = 275.2x 
- 60.25 

Band 6-
SWIR 1 

0.367 0.606 
y = 402.9x 
- 42.70 

Band7-
SWIR2 

Correlation coefficient(R) is a statistical measure 
that shows the degree and type of relationship 
between two random variables, and its value varies 
between (-1(f) and (+1)[11].  
Coefficient of determination (R²): A measure 
used in statistical analysis that evaluates how good 
a model is in explaining, predicting, and measuring 
future results from zero to one[12].  
Regression equation: A mathematical equation 
that expresses the relationship between two 
variables and that is used to estimate previous 
values and to predict future values.  The TSS 
algorithm was developed) by associating TSS 
values in sample locations with spectral reflectance 
values measured in the site using the regression 
equation.  In this algorithm development, a value 
(TSS) in the site was used as a dependant variable 
and a measured reflectance as a separate variable, 
the main formula is as follows[13]: 

       (3) 

Where:  
Y = dependant variable (TSS)  
A = constant value  
B = slope of y on the independant variable  
X = Independant variable (reflectance) 

  

Figure 2. Scatter plot of band 1 vs. field TSS (mg/l) 

 

Figure 3. Scatter plot of band 1 vs. field TSS (mg/l) 

 

Figure 4. Scatter plot of band 1 vs. field TSS (mg/l) 

 

Figure 5. Scatter plot of band 1 vs. field TSS (mg/l) 

 

Figure 6. Scatter plot of band 1 vs. field TSS (mg/l) 

 

Figure 7. Scatter plot of band 1 vs. field TSS (mg/l) 



NeuroQuantology | May 2020 | Volume 18 | Issue 5 | Page 67-76 | doi: 10.14704/nq.2020.18.5.NQ20170 

Luma Jabbar Abd-AL Zahra, Estimation of Pollution Rates and Spatial Distribution of the Total Suspended Solids of the Euphrates River to Selected Sites 
from the Shatt Al-Kufa by Using Remote Sensing Data 

eISSN 1303-5150 
 

www.neuroquantology.com 
 

71 

 
Figure 8. Scatter plot of band 1 vs field TSS (mg/l) 

 

Distribution of TSS 

The spatial distribution of solid substances, which 
are total TSS. The collection of data from each site 
of the study area to determine the concentration 
value of solid substances that are stuck TSS may 
not be feasible and economically useless. 
Distribution methods are therefore implemented to 
predict points values that were not directly 
included in the sample. Generally, the spatial 
distribution of whole suspended solids (TSS) is 
similar to each band, but the calculated value of TSS 
is slightly different. This is because the properties 
of the spectral reflectance of water differ between 
the one band and the used bands. Water-spectral 
reflectance values can illustrate the state and 
quality of water as water near the pollutant release 
site that has large amounts of organic matter will 
look more dark than the rest of the sites, while the 
container water on high sediment levels appears to 
be light in color. A table (4) shows that the upper 
limits of TSS bands (4,5,6.7) are higher than the 
upper limits of bands (1,2,3) because of their ability 
to penetrate water are lower, so their sensitivity to 
TSS is greater, and is good for studying surface 
water plankton. At the same time, the upper limits 
of the band (3) are higher than the upper limits of 
the band (1,2) and are less able to penetrate the 
water. 
Table 4. The result of TSS estimation (mg/l) from each band 

STD. MEAN MIN MAX No. bands 

19.536 78.0354 6.7779 18.7000 
band1-
Ultra-blue 

28.399 10.4327 8.7429 26.5493 Band 2-Blue 

16.491 55.7620 4.3372 14.5818 
Band3-
Green 

29.985 86.4147 6.4741 25.0155 Band4-red 
20.865 51.4732 3.0866 14.5655 Band5-NlR 

15.328 37.8143 2.2675 10.7005 
Band 6-
SWIR1 

38.4866 82.1002 32.9378 187.8294 
Band7-
SWIR2 
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Figure 9. The spatial distribution of TSS modeled from band 1 to 
band7 respectvely 

 

Accuracy Assessment 

Use The accuracy assessment measurements Root 
Mean Square Error (RMSE), and the mean relative 
error (MRE) the following equations: 

     √
∑ (               )

  
   

 
    (4) 

   ( )  
 

 
∑ ⌈

               

       
⌉      

    (5) 

where t meas, i and test i, i are the measured and 
estimated values, respectively, and N is the number 
of samples. 
 

Results Accuracy Assessment 

The accuracy assessment (Table 5 and Figure 10-
16).The accuracy assessment indicates that band 4 
has the smallest deviation in the estimation of TSS 
image RMSE=0.3033, and MRE= 0.0177%. 
Meanwhile, band with the highest deviation in 
estimating TSS is band 1 RMSE=6.5231, MRE 
=0.3928%. This can be caused by the  penetration 
ability and susceptibility to materials of TSS or 
object of water. 

Table 5. The accuracy results TSS(estimation (mg/l) 

No. bands RMSE MRE % 
band1-Ultra-blue 6.5231 0.3928 
Band2-Blue 0.4648 0.0182 
Band3-Green 0.4438 0.0160 
Band4-red 0.3033 0.0177 
Band5-NlR 6.4521 0.3910 
Band6-SWIR 1 0.5099 0.0281 
Band7-SWIR2 0.4960 0.0299 

 

Figure 10. Estimated vs. Measured TSS Band 1  

 

Figure 11. Estimated vs. Measured TSS Band 2 

 

Figure 12. Estimated vs. Measured TSS Band 4  
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Figure 13. Estimated vs Measured TSS Band 3 

 

Figure 14. Estimated vs. Measured TSSB and 6 

 

Figure 15. Estimated vs. Measured TSS B and 5 

 

Figure 16. Estimated vs Measured TSS Band 7 

 

Laboratory Results 

1. (Water temperature) Temperature is one 
of the most significant physical 
characteristics of the aquatic environment, 

as an increase in the temperature of the 
aquatic systems changes the rest of the 
physical, chemical, and biotic properties, 
resulting in damage to that system[14].  The 
month of August recorded the highest 
temperature values in the water in the study 
area because of the passage of hot dry air on 
the water surface, resulting in additional 
temperatures that increase the water 
temperature.  As can be seen from the table 
(1), water temperatures were in normal and 
environmentally permissible conditions; 
when compared to the Iraqi determinants of 
the river system, which is less than 35°, all 
study sites throughout the study period fall 
within the permitted limits. 

2. (pH)It is an important and fundamental 
measure of water quality and the quality of 
the degradation processes that occur in it 
and is also called acidic function and can be 
defined as the negative logarithm of the 
concentration of hydrogen ion[15].the 
concentration of the hydrogen ion is 
determined by a range of (1-14)the water is 
equal if pH=7 or less than 7 indicates an 
increase The concentration of hydrogen ion 
and acidic solutions; if pH is greater than 7, 
it indicates a lack of hydrogen ion and base 
solutions [16].  The table (1) shows that the 
highest values of the PH in the locations (S2-
S1-S3) during August were (9.1, 8.9, 8.7), 
respectively, and the higher value of the pH 
is due to the dense growth of aquatic plants 
as these plants consume most (CO2) and the 
water becomes base.The sites (S4- S5- S6- 
S7- S8- S9-S10) recorded low values during 
the same month, reaching 
(7.26.7.55.7.54.7.48.7.72.7.56.8.2), 
respectively.  The natural values of hydrogen 
ion in water range from 6.5-8.5, and for 
water where hydrogen ion is outside these 
limits, are contaminated water, so the S2-S1-
S3 sites are not within the permissible 
limits, but for the rest of the sites are the 
permissible limits of the Iraqi standard. 

3. (TSS) It is the sum of solids suspended in 
water more than  2µmm in size. Moreover, 
the origin of these substances is mostly 
natural, but human resources can increase 
their presence in the aqueous medium by 5-
20 times the normal limit. Water can be 
classified according to the amount of 
suspended substances in it to relatively pure 
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water when the concentration is less than 20 
mg / Liter, and to stirred water if the 
concentration is between 40 and 80 mg / 
liter, and to dirty and muddy water when the 
concentration of suspended sediments 
exceeds 150 mg / liter[17]. It is clear from 
the table (1) that the concentrations of (TSS) 
in the studied sites recorded the highest 
concentrations during the month of August 
and for all sites, as a natural result of their 
suffering from pollution and the increase of 
suspended substances in the course of the 
Shatt al-Kufa after entering the city of Kufa 
compared to its level before entering the city 
(Zarka area S1) And, as the processes of 
river irrigation usually begin in the hot, dry 
season to clean them from plants and 
sediments that constitute an obstacle in the 
riverbed, which leads to the process of 
mixing clay materials and sediments in the 
riverbed with water, which leads to an 
increase in suspended solids[18]. When 
comparing the results of laboratory tests for 
the month of August with the determinants 
of evaluation of drinking water according to 
the Iraqi standard of 60 mg / l, we notice 
that most of the water samples exceed the 
standard, which reduces its quality. 

 

Figure 17. Laboratory results 

4-(EC)Electrical conductivity is defined as the 
ability of water to transfer electrical current 
through it. This value depends on the 
concentrations of dissolved salts in water and the 
temperature of the water. To connect the electric 
current because it has little ionization in water[19], 
it is clear from the table (1) that the electrical 
conductivity concentrations recorded the highest 
concentrations during the month of August and for 
all locations, due to the high temperatures during 
this month. So, the higher the temperature, one 
degree Celsius, and one the higher the electrical 

conductivity concentrations (2%),This is due to the 
increase in the total dissolved salt concentrations 
as well as the increase in the amount of evaporation 
/ transpiration that leads to the increase in the 
concentrations of dissolved salts[20]. All study sites 
are within permissible limits of the Iraqi standard. 
5- (TDS) It means all the solid substances dissolved 
in the water to be truly soluble so that they remain 
with the water in the filtration processes and it is a 
measure of the percentage of water salinity[21], 
and it is sometimes known as salinity. In the water 
of the river, on the geological structure, the nature 
of the lands through which that river runs, and 
what is washed away by rainwater from soil salts, 
including sodium, magnesium chloride, potassium, 
magnesium and sodium sulfate, and the nature of 
the wastes that are offered[22].It is clear from 
Table (1) that the concentrations of (T.D.S) in the 
studied sites ranged during the month of August 
between (429-573) mg / liter, and when comparing 
the results of laboratory analyzes with the 
determinants of drinking water evaluation, it 
became clear that most of the studied sites fall 
within permissible limits of the Iraqi standard. 

 

Figure 18. Laboratory results 

 

Conclusion 

The study was carried out on the Euphrates River 
(10 stations) where the relationship between TSS 
(laboratory size) and the spectral reflectivity (r) 
from (1)to (7) (band) was studied from Landsat 8 
image(OLI). Analysis of the correlation between 
reflectivity (r) for the remote sensing data and 
(TSS), the band (4) is the highest correlation with (r 
= 0.935, R² = 0.876) and regression equation y = 
731.3x - 22.22. The spatial distribution of TSS on 
the Euphrates River from north to south is not 
significantly different from the TSS measured at the 
sites of the 10 stations ((RMSE = 0.3033 mg / l, 
MRE = 0.0177 %)). 
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