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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].
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Table 1: Landsat-8 (OLI) spectral band[9].

Band Resolution | Wavelength
(m) (um)
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 30 0.85-0.88
infrared
B6jshortwave 30 157-1.65
infrared
B7jshortwave 30 211 - 2.99
infrared
B8- 15 0.50 - 0.68
panchromatic
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.

Co
. . de Tem
Location Stations Stat x/m y/m .
ions
Zirka area S1 | 440485 | 3551386 | 26°

Al - Zarka Water

) S2 | 440983 | 3550154 | 28°
Project

Agricultural house

towards Zarka area S3 | 442685 | 3547150 | 28°

The Northern

S4 | 442563 | 3545953 | 25°
Incubator

The Kufa Water S5 | 443503 | 3545314 | 26°
Project

Opposite Sikka

S6 | 444159 | 3544899 | 24°
Street

Near the Palace of

-, S7 | 444629 | 3544347 | 24°
Hospitality

The area of the

. S8 | 444753 | 3543735 | 24°
animals

Unit treatment of

the Barakia station S9 | 446017 | 3542118 | 26

Cement Plant

. S10 | 448061 | 3538978 | 24°
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]:

y=ax+b ... (1)

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]:

p}.:Mp*Qcal-I_Ap .................... (2)

Where:
p;= TOA (Top of Atmospheric) planetary
reflectance, without correction for the solar
angle.
M,= Band-specific multiplicative rescaling
factor from the metadata.
A,= Band-specific additive rescaling factor
from the metadata.
Q.u= Quantized and calibrated standard
product pixel values (DN).

TOA reflectance was corrected based on

the sun angle following formula as follow:

where:
p;= TOA planetary reflectance

0. = 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.

35 Y =50U.9X-43.5506
2 -
30 R*=0.4163 P *
25
% 20
€
§ 15
10 L 2 L 2
5 040 .
O T T 1
0.09000 0.11000 0.13000 0.15000
reflectance

Figure 3. The relationship between spectral reflectivity and
(TSS) of the band2.

; Correlation SO
Regression L of
No. bands - Coefficient( .
Equation N Determinat
ion(R?)
band1- y = 951.53x
Ultra-blue |~ - 102.34 0.509 0.259
} y =560.9% -
Band 2-Blue 49 558 0.645 0.416
Band3- y = 485.38x
Green -33.933 0.726 0.528
i y = 373.35x 0.886
Band4-red - 15.601 0.785
) y =315.97x
Band5-NIR -13.881 0.839 0.704
Band 6- y =200.67x
SWIR 1 +0.9417 0.716 0.513
Band7- y = 438.71x
SWIR2 -13.334 0.835 0.697

In accordance with Table (3) where the
correlation r) and the R2 coefficient between
reflectivity and laboratory concentration TSS
(mg / 1) 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).

30 = -
R?=0.5285

10 *»
5040#

O T T 1
0.07000 0.09000 0.11000  0.13000

reflectance

Figure 4. The relationship between spectral reflectivity and
(TSS) of the band 3.
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Figure 2. The relationship between spectral reflectivity
and (TSS) of the band 1.
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Figure5. The relationship between spectral reflectivity and
(TSS) of the band 4.
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Figure6. The relationship between spectral reflectivity and
(TSS) of the band 5.

3.1 Distribution of TSS
Table4: The result of TSS estimation (mg/l)
from each band

No. bands MAX MIN | MEAN | STD.

band1-Ultra-

77.6601 | 0.9746 | 14.4270 | 9.1515
blue

Band 2-Blue | 52.0412 | 0.0066 | 7.9235 | 6.8336

Band3-Green | 56.9901 | 0.0001 | 6.5487 | 8.1446

Band4-red 61.9882 | 0.0027 | 7.5509 | 9.5034
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Figure7. The relationship between spectral reflectivity and
(TSS) of the band 6.

Band5-NIR | 1111574 | 0.0030 | 18.7768 | 22.1574
Ba“d61'SW'R 50.6013 | 0.6802 | 12.7728 | 10.8378

Band7-SWIR2 | 100.6122 | 0.0086 | 10.9192 | 14.3266
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Figure8. The relationship between spectral reflectivity and
(TSS) of the band7.

Legend

tss_b1

<VALUE>

I 0.97467041 - 10.20721781

[ 10.20721782 - 16.9132192 ;
8 [ 16.91321921 - 27.73940328 |
| I 2773940329 - 43.67795207
(55 I 4367795208 - 77.66014099

Figure9:The spatial distribution of TSS modeled from band
1.
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Legend

tss_b2

<VALUE>

- 0.006622314 - 5.516166507
- 5.516166508 - 11.22976789
I_] 11.2297679 - 19.39205559
- 19.3920556 - 31.02331555
- 31.02331556 - 52.04120636

3540000

| <VALUE>
[ ] 0.002764702 - 4.378209697
[ ] 4378209698 - 11.9136983
f‘ I 1191369831 - 23.58155162
I 2355155163 - 38.16636828

{ I 3516636829 - 6198823547

T T ¥
440000 442000 444000

Figurel0:The spatial distribution of TSS modeled from
band 2.

Figurel2:The spatial distribution of TSS modeled from
band4.

Legend
tss_b5

tss_b3

<VALUE>

I 0000148773 - 4022975114

[ 4.022075115 - 1050419533
| [ ] 1050419534 - 20.33777083
*| I 20.33777084 - 32.85323055

I 3285323056 - 56.9901886

1| [ ] 0.003080368 - 10.46467005
| I 10.46467006 - 25.72115499

Figurell:The spatial distribution of TSS modeled from Figure13:The spatial distribution of TSS modeled from
band 3. band5
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- 0.680292368 - 8.998553245

[T 8.998553246 - 17.31681412
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- 59.60130692

Figurel5:The spatial distribution of TSS modeled from
bandé.

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]:

n . 2
RMSE = \/Z'=1(‘””t;v [SSmeas)” . (4)

N

1 tSS,.q;i — LSS
Y
i=1 meas

] +100...(5)

where tSSmeas,i and tSSeqti,i are the measured
and estimated values, respectively, and N is the

number of samples.

Table 5: the accuracy results TSS(estimation
(mg/1)

Akt & & A
B Legend
1-‘, tss_b7

o [ ]0.008676529 - 11.44987259
[ 7] 11.4498726 - 2723083267
(5 I 27.23083268 - 46.95703278
™ I 46.95703279 - 68.26132889
| I c5.2613289 - 100.6122971

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-NIR 4.3493 1.6995
Band6-SWIR 1 3.4413 1.4951
Band7-SWIR2 3.8697 1.2402

Figurel6:The spatial distribution of TSS modeled from
band7.
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Figure 17: Estimated vs. Measured TSS Band 1.
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Figure 18 :Estimated vs. Measured TSS Band 2.
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Figure 19: Estimated vs. Measured TSS Band 3.
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Figure20: Estimated vs. Measured TSS Band 4.
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Figure21: Estimated vs. Measured TSS Band 5.
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Figure22: Estimated vs. Measured TSS Band 6
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Figure23: Estimated vs. Measured TSS Band /.

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 mgl/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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