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 Shatt Al- Kufa (Kufa River) is the major supply of surface waters 

in Najaf; Water pollution   as a result of human activities Different 

.Water pollution results when contaminants are introduced into the 

natural environment.  releasing inadequately treated wastewater into 

natural water bodies can lead to degradation of aquatic ecosystems  In 

turn, this can lead to public health problems for people living 

downstream. They may use the same polluted river water for drinking or 

bathing or irrigation. Water pollution is the leading worldwide cause of 

death and disease due to water-borne diseases. The method used for 

modelling the TSS spatial distribution is the empirical modelling 

Conversion From image pixel values to reflectivity the reflectivity of 

each TSS concentration was extracted the reflection (r) on the X axis 

and the TSS concentration on the Y axis were extracted. The purpose of 

this study is to determine the estimated concentration of total suspended 

solid (TSS) in the Shatt Al- Kufa as the result of   Landsat 8 OLI. As 

well  by correlating the measured and estimated TSS and  concentration 

the data used in this study was collected from Shatt Al- Kufa  (10 

stations) on  22 April 2019. In conjunction with the Landsat 8 OLI 

image data, obtained from the USGS site. The results revealed value of 

TSS in Shatt Al- Kufa  can accurately using band 4 (red band).The 

determinant Coefficient between TSS field and reflectance value of 

image using band 4 is 0.785.Root Mean Square Error band 4 is 4.5225 

,mean relative error is 1.1649. 
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1. INTRODUCTION 

Water pollution is a serious problem for 

human health and the environment,and all 

people require good drinking water quality to 

maintain their personal well-being. Drinking 

water should be aesthetically pleasant, clear, 

colourless and well aerated with no unpalatable 

taste and odour. 

Microbiological, physical, chemical and 

radiological characteristics are also used to 

determine its suitability in terms of public 

health [1]. Shatt Al- Kufa ( Kufa River ) is the 

great supply of water needed for drink, 

irrigation, industry and applications other.. This 

river has shown decreasing quantity and quality 

of water because of population expansion and 

increased farming and urbanization; urban and 

farming wastes have been enlarged significantly 

and have made their way into the river. Issues 

with water quality have thus become more 

significant than quantity issues, making it 

necessary to conduct detailed studies to evaluate 

the suitability of this river for various purposes 

[2]. Currently, technology of remote sensing has 

been constantly evolving and can be used to 

sense water .  Remote sensing data have been  

more used for oversight  the ecological, 

physical, and biological  state of the seawater 

[3]. The Landsat 8 satellite carries a two-sensor 

payload, the Operational Land Imager (OLI) 

and the Thermal Infrared Sensor (TIRS) (TIRS)  

that image the earth surface throughout the 

visible and thermal portions of the spectrum. 

[4]. and are summarized in Table 1. Landsat 8 

has a 16 day repeat cycle; eachWRS-2 

path/rowis overpassed every 16 days andmay be 

acquired a maximum of 22 or 23 times per year, 

as for Landsat 4, 5 and 7 [5]. And total 

suspended solid (TSS) as a focus measure of 

water quality [6 - 8]. 

 

 

 

 

TSS 

 شط الكىفخ 

 الاعتشعبس عي ثعذ 

Landsat 8 OLI. 

 الوُيبٍ تتليى . الٌجي  فيٍ الغيحيُخ للوُيبٍ الشئُغيٍ الوصذس هى( الكىفخ ًهش) الكىفخ شط 

. الحجُعُييخ الجُئييخ فييٍ الولىثييبد إدخييب  عٌييذ الوُييبٍ تلييى  ٌَييت . الوختلفييخ الجشييشَخ للأًشييحخ ًتُجييخ

 إليً الحجُعُيخ هبئُيخ هغيحيبد إليً الوعبلجيخ غُيش الصيٍ الصشف هُبٍ إطلاق َؤدٌ أى َوكي

 العبهييخ الصيييخ فييٍ هشييبك  إلييً َييؤدٌ أى َوكييي ثييذوسٍ وهييزا ، الوبئُييخ الجُئُييخ الييٌ ن تييذهىس

 للشيشة الولىثيخ الٌهيش هُبٍ ًفظ َغتخذهىى لذ. الٌهش هجشي اتجبٍ فٍ َعُشىى الزَي للأشخبص

 العيبلن أًييبء جوُي  فٍ والوشض للىفبح الشئُغٍ الغجت هى الوُبٍ وتلى . الشٌ أو الاعتيوبم أو

الٌويىر   وهٍ TSS الوكبًٍ فٍ التىصَ  الوغتخذهخ الحشَمخ. الوُبٍ تٌملهب التٍ الأهشاض ثغجت

 TSS تشكُيض لك  الاًعكبعُخ اعتخشا  تن ، الاًعكبعُخ إلً الصىسح ثكغ  لُن لتيىَ  التجشَجٍ

 هييى الذساعييخ هييزٍ هييي الغييشض .Y الويييىس علييً TSS تشكُييض X الويييىس علييً( r) الاًعكييبط

 .OLI 8 لاًذعيبد ( فيٍ شيط الكىفيخ TSSالعبلميخ الكلُيخ)للويىاد الصيلجخ  الوميذس التشكُض تيذَذ

 الذساعيخ هيزٍ فيٍ الوغيتخذهخ الجُبًيبد جوي  تين والومذسح. الومبعخ TSS سثط طشَك عي كزلكو

 Landsat 8 صيىسح ثُبًيبد ه  ثبلتضاهي. 2109 أثشَ  22 فٍ (هيحبد 01) الكىفخ شط هي

OLI ، لُويخ أى الٌتبئ  أظهشد. الأهشَكُخ الجُىلىجٍ الوغح هُئخ هىل  هي علُهب اليصى  تن 

TSS ٍثيُي الوييذد الوعبهي (. الأحويش الٌحيبق) 4 الٌحيبق ثذليخ تغيتخذم أى َوكي الكىفخ شط ف 

 Root Mean Square.1.780 هى 4 الٌحبق ثبعتخذام للصىسح الاًعكبط ولُوخ TSS هجب 

 .0.0149 هى mean relative error ، 4.0220 هى4لليضهخ  
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Table 1: Landsat-8 (OLI) spectral band[9]. 

Band 
Resolution 

(m) 

Wavelength 

(μm) 

B1-blue 30 0.43 - 0.45 

B2-blue 30 0.45 - 0.51 

B3-green 30 0.45 - 0.51 

B4-red 30 0.64 - 0.67 

B5-near 

infrared 
30 0.85 - 0.88 

B6-shortwave 

infrared 
30 1.57-1.65 

B7-shortwave 

infrared 
30 2.11 - 2.29 

B8-

panchromatic 
15 0.50 - 0.68 

B9-Cirrus 30 1.36-1.38 

B10-thermal 

Infrared(TIRS) 
100 10.60-11.19 

B11-thermal 

Infrared(TIRS2) 
100  11.50-12.51   

 

2. MATERIALS AND METHODS 

2.1 Study Area 

 The study area is located within Kufa 

district in Najaf province, 10 km .It located 

between the northern x/m (440485) y/m 

(3551386) to southern x/m (448061) 

y/m(3538978) in the Shatt Al-Kufa.as in Figure 

(1). The Euphrates River passes after the city of 

Kifl and divides the Euphrates River into two 

rivers: the Kufa Shat length and width of 73km 

and about 100m respectively, and Abbasid. The 

water level is unstable. The  Shatt Al- Kufa  

surrounding areas are famous with farming [10]. 

This study includes 10 selected sites along the 

Kufa area (the most polluted area) started from 

the Zirka Cement Factory Bridge. 

 

Figure 1: study area and Samples Location 

 

2.2  Sampling collection and  Landsat 8 

image 

Samples were collected on 22 April 2019 , 

form 10 stations at a depth of about (30 cm) 

from the Zirka area and up to the bridge of the 

cement factory. Table (2), In conjunction with 

the Landsat 8 OLI image data, obtained from 

the USGS  website [11]. 
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Table 2: The table contains selected samples of 

the water of the Shatt Al- Kufa. 

Tem

p. 
y /m x/m 

Co

de 

Stat

ions 

Location Stations 

26° 3551386 440485 S1 Zirka area 

28° 3550154 440983 S2 
Al - Zarka Water 

Project 

28° 3547150 442685 S3 
Agricultural house 

towards Zarka area 

25° 3545953 442563 S4 
The Northern 

Incubator 

26° 3545314 443503 S5 

 

The Kufa Water 

Project 

24° 3544899 444159 S6 
Opposite Sikka 

Street 

24° 3544347 444629 S7 
Near the Palace of 

Hospitality 

24° 3543735 444753 S8 
The area of the 

animals 

26° 3542118 446017 S9 
Unit treatment of 

the Barakia station 

24° 3538978 448061 S10 
Cement Plant 

Bridge 

 

2.3 Regression Equation  

Regression equation was used to obtain 

resultant regression function to model the 

TSS(Figure 2- 8) . The independent variable are the 

reflectance and the dependent variables are TSS 

field value. Regression Equation  used was linear 

model equation . The main formula for the resultant 

regression function is as follow[12]: 

                        

Variables 

y= The dependent variable (field TSS) 

a= The constants 

b= The slope of regression 

x= The independent variables. 

 

2.4 conversion of pixel values to reflectance  

Radiometric correction function was used 

to equalize the solar conditions in each 

region/pixel in the image to get the reflectance 

value by changing the value of Digital Number 

(DN) into the reflectance value. This was 

completed  by algorithm formula accord to 

USGS (2016) as follows[13]: 

             ....................(2) 

Where:  

  = TOA (Top of Atmospheric) planetary 

reflectance, without correction for the solar 

angle. 

  = Band-specific multiplicative rescaling 

factor from the metadata. 

  = Band-specific additive rescaling factor 

from the metadata. 

    = Quantized and calibrated standard 

product pixel values (DN). 

TOA reflectance was corrected based on 

the sun angle following formula as follow: 

   
  

      
……..……………..(3) 

where:  

  = TOA planetary reflectance 

θSE = Local sun elevation angle. 
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3. RESULT AND DISCUSSION 

Table3. Relationship between TSS field 

concentration and reflectivity r band1-band7 for 

sample   locations. 

Coefficient 

of 

Determinat

ion(R
2
) 

Correlation 

Coefficient(

r) 

Regression 

Equation 
No. bands 

0.259 0.509 
y = 951.53x 

- 102.34 

band1-

Ultra-blue 

0.416 0.645 
y = 560.9x - 

49.558 
Band 2-Blue 

0.528 0.726 
y = 485.38x 

- 33.933 

Band3-

Green 

0.785 
0.886 

 

y = 373.35x 

- 15.601 
Band4-red 

0.704 0.839 
y = 315.97x 

- 13.881 
Band5-NlR 

0.513 0.716 
y = 200.67x 

+ 0.9417 

Band 6-

SWIR 1 

0.697 0.835 
y = 438.71x 

- 13.334 

Band7-

SWIR2 

 

In accordance with Table (3) where the 

correlation r) and the R2 coefficient between 

reflectivity and laboratory concentration TSS 

(mg / l) range between( 0.509-0.886) (0.259-

0.785), respectively. Band4-red is the highest 

correlation (r = 0.886) and R2 = 0.785). At the 

same time, band1-Ultra-blue is less correlated (r 

= 0.509). 

 

Figure 2. The relationship between spectral reflectivity 

and (TSS) of the band 1. 

 

 

Figure 3. The relationship between spectral reflectivity and 

(TSS) of the band2. 

 

 

Figure 4. The relationship between spectral reflectivity and 

(TSS) of the band 3. 

 

 

Figure5. The relationship between spectral reflectivity and 

(TSS) of the band 4. 

 

y = 951.53x - 102.34 
R² = 0.2598 

0

5

10

15

20

25

30

35

0.11500 0.12000 0.12500 0.13000 0.13500

TS
S 

m
g/

l 

reflectance 

y = 560.9x - 49.558 
R² = 0.4163 

0

5

10

15

20

25

30

35

0.09000 0.11000 0.13000 0.15000

TS
Sm

g/
l 

reflectance 

y = 485.38x - 33.933 
R² = 0.5285 

0

5

10

15

20

25

30

35

0.07000 0.09000 0.11000 0.13000

TS
S 

m
g/

l 

reflectance 

y = 373.35x - 15.601 
R² = 0.7854 

0

5

10

15

20

25

30

35

0.040000.060000.080000.100000.120000.14000

TS
S 

m
g/

l 

reflectance 



JOURNAL OF KUFA–PHYSICS  |  Vol. 11, No. 2 (2019)  Dr. Hussain Muhyi Ali, Zeena Yaseen Mahdy 

   37 

 

Figure6. The relationship between spectral reflectivity and 

(TSS) of the band 5. 

 

 

Figure7. The relationship between spectral reflectivity and 

(TSS) of the band 6. 

 

 

Figure8. The relationship between spectral reflectivity and 

(TSS) of the band7.    

 

 

 

3.1 Distribution of TSS 

Table4: The result of TSS estimation (mg/l) 

from each band 

STD. MEAN MIN MAX No. bands 

9.1515 14.4270 0.9746 77.6601 
band1-Ultra-

blue 

6.8336 7.9235 0.0066 52.0412 Band 2-Blue 

8.1446 6.5487 0.0001 56.9901 Band3-Green 

9.5034 7.5509 0.0027 61.9882 Band4-red 

22.1574 18.7768 0.0030 111.1574 Band5-NlR 

10.8378 12.7728 0.6802 59.6013 
Band 6-SWIR 

1 

14.3266 10.9192 0.0086 100.6122 Band7-SWIR2 

 

 

Figure9:The spatial distribution of TSS modeled from band 

1. 
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Figure10:The spatial distribution of TSS modeled from 

band 2. 

 

 

Figure11:The spatial distribution of TSS modeled from 

band 3. 

 

 

Figure12:The spatial distribution of TSS modeled  from 

band4. 

 

 

Figure13:The spatial distribution of TSS modeled  from 

band5 
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Figure15:The spatial distribution of TSS modeled  from 

band6. 

 

 

Figure16:The spatial distribution of TSS modeled  from 

band7. 

3.2 Accuracy Assessment 

In order to validate the accuracy of the TSS 

spectral models, atmospheric correction and 

mapping of TSS concentrations, the most 

frequently used methods, the Root Mean Square 

Error (RMSE )and mean relative error (MRE), 

These notations were defined as follow[14]:  

     √
∑                   

 
   

 
      4) 

       
 

 
∑⌈

               

       
⌉         

 

   

 

 

where tssmeas,i and tssesti,i are the measured 

and estimated values, respectively, and N is the 

number of samples. 

Table 5: the accuracy results TSS(estimation 

(mg/l) 

No. bands RMSE MRE % 

band1-Ultra-blue 5.9427 1.6036 

Band2-Blue 4.1748 1.4693 

Band3-Green 4.6105 1.8067 

Band4-red 2.697 1.1751 

Band5-NlR 4.3493 1.6995 

Band6-SWIR 1 3.4413 1.4951 

Band7-SWIR2 3.8697 1.2402 
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Figure 17: Estimated vs. Measured TSS Band 1. 

 

 

Figure 18 :Estimated vs. Measured TSS Band 2. 

 

 

Figure 19: Estimated vs. Measured TSS Band 3. 

 

 

Figure20: Estimated vs. Measured TSS Band 4. 

 

 

Figure21: Estimated vs. Measured TSS Band 5. 

 

 

Figure22: Estimated vs. Measured TSS Band 6 
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Figure23: Estimated vs. Measured TSS Band7. 

 

3.3 Results of  Accuracy Assessment 

The accuracy assessment is plesented in 

(Table5). The accuracy assessment indicates 

that band 4 has the smallest deviation in the 

estimation of TSS image  RMSE=2.697, and 

MRE %= 1.1751mg/l. Meanwhile, band with 

the highest deviation in estimating TSS is band 

1 RMSE=5.9427, MRE %=1.6036 mg/l. This 

can be caused by the penetration ability and 

susceptibility to materials of TSS or object of 

water. 

4. CONCLUSION  

This research shows that Landsat 8 OLI 

band 4 has the best accuracy with  

(RMSE=2.697mg/l ,MRE =1.6995%). The 

distribution of TSS in Shatt Kufa on band 4 of 

Landsat 8 OLI has an estimated value of TSS as 

follow:(1,  the lowest is 0.0027mg/l, 2 the 

highest is 61.9882 mg/l ,33) the average value is 

7.5509 mg/l, 4 the standard deviation  9.5034). 

Analysis of the correlation between reflectivity 

(r) for the remote sensing data and TSS), the 

band (4) is the highest correlation with (r 

=0.886, R2 =0.785) and regression equation( y 

= 373.35x - 15.601). While band 1 was less 

correlation (r=0.509,R2 =0.259) and regression 

equation (y = 951.53x - 102.34). 
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