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Abstract: Many rivers suffer acutely from various
pollutants that pose risks to plant and animal life,
the environment, and human health due to the lack
of regulations to protect the rivers’ water quality and
environmental safety. Weight Quality index method
(WAQIM) based on 12 water quality parameters
(Mg, Cl, EC, TDS, Ca, PO,, SO4, TH, Na, Turbidity,
TSS, and Temp) using (SPSS) program Artificial
Neural Network (ANN) methods. The water quality
index results for AL-Atshan River were greater than
100, classified as poor and polluted water, compared
to AL-Rumaitha River, which showed less than 100
pollution for most of the study period, classified as
more suitable and needing less treatment than AL-
Atshan River.
mathematical model that can predict the total
dissolved solids of AL-Atshan and Al-Rumaitha

rivers with very high accuracy, as the determination

The neural network obtained a

coefficients were 96% and 98%, respectively, and
the sampling results support this analysis, indicating
that AL- Atshan River has a salinity higher than
World Health Organization Standard limits. (EC was
about 3000us/cm TDS about 1600 ppm), while Al-
Rumaitha’s results were within WHO specification
limits (EC about 1500 ps/cm, TDS about 800 ppm).

?Tikrit Journal of Engineering Sciences | Volume 31| No. 3! 2024

rase 4081



http://doi.org/10.25130/tjes.31.3.11
mailto:Nawar.o@coeng.uobaghdad.edu.iq
mailto:Nawar.o@coeng.uobaghdad.edu.iq
mailto:mohammadnasier0@gmail.com
mailto:mohammadnasier0@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.25130/tjes.31.3.11
https://orcid.org/0000-0002-5740-8280
https://orcid.org/0009-0009-5143-4400
mailto:Nawar.o@coeng.uobaghdad.edu.iq

j Nawar O. Al-Musawi, Mohammed Abed Naser / Tikrit Journal of Engineering Sciences 2024; 31(3): 117-124. :‘
o -~ - - . - -
Oldidand) g dliia ) (o gl da slall dadad g oluall 33 g2 4 jl8a

Tl ae dana g gugall sl

Bl — olaky [ 3k Al / Aasigh) A4S fAgaal) il ad

oadl - il /el ddailae Ay 5 dalall A padd) |

Ladal)

Oy daia y Al 5 Al guall 5 Al slall el JS85 ) Ll (g e giie de gana (e JSG V) (e dal) e
uL.IaL’J\ d)@.\@&&a.\g;ﬂ\ Qﬂ‘&ﬂm@ﬂ\h\)ﬂ\ a.JA uAuJ@J‘ cJ@mw\hM\}bw\SJPMLA;JC:I\)}JPJ?.\Lu.\.uu
Mg, Cl, EC,TDS, Ca, okl 3352l 1)ae V¥ (o 13laie] (0550 (bndl 555all 43 ) (WQI) olaall 83 52 5 aladinaly &g I
B pise il Gl (ANN) delihia¥) sl 4831 (SPSS) #liiuls . PO4, SO4, TH, Na, Turbidity, TSS, Temp
3y Adlad Cagli Vo e B jedal (o) Al e laay 4 Hlhe A3 5ka s 518 lae Ll o Adiian ) v v (e 5T lidaall el oLl
by zisal e Jsanll Lpanl) A8 &5 & jell | lidaall el el (e Bl Andlre ) zling 5 dee Do ST 4l e Taiias dl )
(sl e TA% 5% 4T panill COlebes il i Al Alle Ay e )l 5 lidaall (55l A5 Adeall o) gl & genay sl 43ay
EC «ilS) dallall dasall clical ga 350n (e Aol dagla 55 liadaall o5 o) ) ey 3 Jdadll 138 s i cilial) 381 il of LeS
Laliia ddial 50 3 g2 Gana Al gl gl CulS iy (Osalall (B e 52 VT 0 (N TDS 5 ¢ iagiiall e Siaps 5 S Yooe (Joa

(u_,;x.‘ad\‘_go‘);/\~~ ‘_A\PTDS ‘M\‘_AL)M})SAA YOuu J\PEC)MM\M\
a.ﬂ\ﬂ\ U...aj\ J\}d\ ‘_;LAA‘ c&;#\ cuw\ B2 c:ﬂ:z..ga)l\ Brx] e\l 3 9 crﬂaJlA.n :M‘A&‘ Silalsly

1. INTRODUCTION

Human activity and infrastructure frequently
endanger water quality, making the source of
life itself a threat to life [1]. Water resources are
one of the pillars of sustainable development
worldwide [2]. Water availability, in quantity
and quality, is not only a critical resource for
industrial and agricultural development but
also urban life [3]. In addition, in villages, with
the increasing frequency of discussion about
the possibility of the world's countries
succumbing to water poverty in the coming
years, there is an urgent need to develop
development plans to protect water sources
from depletion and pollution [4]. Developing a
plan for monitoring water sources is one of the
fundamental operations of water quality
management by installing monitoring stations
at fixed points that represent river water
specifications [5]. They are used to perform
basic checks factored into the water assessment
over specific periods in which objectives are
met due to the variables chosen considering the
region's environmental and climatic conditions
[6]. Water quality studies are regarded as one of
the most critical aspects of water resource
management, establishing the present
evaluation, requirements, and methods for
treating quality [6]. As a result, evaluation and
monitoring processes are required to take
advantage of these sources, especially given the
suffering of countries worldwide from droughts
and the need for optimal water resource
utilization [7]. Many academics have focused
on river water pollution in Iraq due to the
deterioration of this sector in recent decades,
which has been exacerbated by the country's
wars and political upheavals [8]. These studies
help to diagnose pollution sources and provide
remedies and suggestions to eliminate or lessen
pollution's effects [9]. A water quality index
measures the quality of water employed to
assess and categorize the quality of a water
source and the extent to which it can be used for

human, animal, and plant purposes, so it is an
essential component in the water quality
management system [10]. When developing a
water quality index, the relative importance of
various parameters is determined by the
intended use of the water [11], which is mostly
done to determine its suitability for human
consumption [12] since the AL-Rumaitha and
AL-Atshan rivers are the only two that flow
through Al-Muthanna Governorate, and the
governorate's reliance on the AL-Rumaitha
River to create drinking water purification
stations, the objective of the research is to
assess the fitness of bath water rivers for human
use using water quality index, based on a
combination of chemical, physical, and
biological elements united into a single number
that ranges from 0 to 100 and needs four steps:
(1) variable selection, (2) initial data conversion
into a standard scale, (3) giving weights, and (4)
aggregation of sub-index value. Also, the study
intends to compare the water quality of the two
rivers, Al-Rumaitha and Al-Atshan, to
determine their current status and indicate the
suitability of the river's water for human use,
using a water quality index and to create a
mathematical model to demonstrate the
relationship between dissolved salts and other
water elements.

2. AREA OF STUDY

AL-Muthana governorate is in southern Iraq,
bordering Saudi Arabia; it is the second biggest
governorate in Iraq in terms of area and
classified as the second smallest governorate in
terms of population [13]. The main source of
water supply in the AL-Muthana governorate is
the Euphrates River, which branches at the
Hindeyah area in the Babylon governorate [14].
The first branch (Al-Atshan River) flows to the
south and then to the east, crossing AL-Samawa
City continue to Nasiriya City in The-Qar
governorate with annual discharge of about (12-
22) m3/sec with high salinity > 1500ppm due to
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drainage of outfalls from the irrigation of rice
fields to the river. The second branch (AL-
Rumatha River) flows to the east and then
south, crossing the AL-Rumaitha and AL-
Warqa cities in the AL-Muthana governorate,
which has better quality and low sanity that
makes it the only suitable source for water
supply with annual discharge of (15-25) m3/sec
[15]. The area of study depict a Map of the
Euphrates River between Hindyia Barrage,
Samawa and Nasiriya city.
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Fig. 1 Area of Study [16].

3.EXPERIMENTAL PROGRAM
3.1.Apparatus and Procedures

1- The Statistical Package for Social Sciences
(SPSS) software (Artificial Neural
Network (ANN) methods were used to
analyze data.

2- Analyzing samples collected (The AL-
Muthanna Governorate Environment
Directorate collected) from the AL- Atshan
River and Al-Rumaitha River for three
years (2020, 2021, and 2022) from places
representing river water characteristics
along the watercourse. The water quality
index has been studied to detect suitable
water quality for human consumption. To
determine the extent of pollution in the
two rivers, the gravimetric method was
used, and to calculate the water quality
index, (12) variables were chosen (Mg, Cl,
EC, TDS, Ca, PO,, SO,, TH, Na, Turbidity,
TSS, and Temperature) according to their
significance and the availability of
measuring devices, and the WAWQI was
used.

3- Calculated water quality index using the
following steps [17].

Step 1: Collect data on various physico-
chemical water quality parameters.

Step 2: Calculate the proportionality
constant “K” value using the formula k=
(1/1/271 1)), where "si" is the standard
permissible for the nth parameter.

Step 3: Calculate quality rating for the nth
parameter (qn), where there are n
parameters, qn is calculated using
Qn =100 { (Va-Vio)/(Sn-Vio) }
where vx is the estimated value of the nth
parameter of the given sampling station,
Vio is the ideal value of the nth parameter
in pure water, and sn is the standard
permissible value of the nth parameter.
Step 4: Calculate the unit weight for the
nth parameter. Wn=(k/sn).
Step 5: Calculate the Water Quality Index
(WQI) using the formula WQI= ((Twn*
Qn)/Zwn).
Then, compare the results with Table 1,
ranking water quality according to the
amount of WQL.
Table 1 Water Quality Classification Based on
the Measurement of WQI [11].

WQI Classification Water Quality Index
less than 50 excellent

50-100 Good

100-200 Poor

200-300 Very poor

More than 300 non-drinkable

4- Employing Artificial Neural Network
(ANN) Statistical Package for the Social
Sciences (SPSS) v26 to create a
mathematical model for estimating the
value of total dissolved solids (TDS) for
both rivers based on (Ca, EC, Mg, SO, and
CD.

4.RESULTS AND DISCUSSION

The Water Quality Index (WQI) is a numerical
rating that provides an overview of water
quality based on many main factors and their
weights, which can be used to assess and
communicate the health of water bodies, such
as rivers, lakes, and groundwater sources [18].
To assess water quality, the index considers
various physical, chemical, and biological
parameters [19]. Figure 2 depicts the amount of
monthly variation in the water quality index of
AL-Atshan and AL-Rumaitha rivers for (2020,
2021, and 2022) in relation to the upper limit to
indicate water fit for human consumption. The
figures show that during all three years and at
most times of each year, the AL-Atshan River's
water quality index was greater than 100
according to Iraqi standards, meaning that the
river water is polluted and must be treated
before using it. This pollution happens due to a
drop in river discharges and a rise in
evaporation due to high temperatures and
excess drainage along the river [20]. While AL-
Rumaitha River had significantly less pollution
than the AL-Atshan River, in which WQI was
generally within acceptable standards < 100,
except in the summer period when it was
outside of acceptable limits because it has a
greater discharge and is located far from the
trocars' drain line [21].
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(c) In 2022.
Fig. 2 Water Quality Monthly Variation for
AL-Atshan and AL-Rumaitha Rivers.
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The Artificial Nural Network (ANN) software is
a valuable tool to estimate water quality in
water treatment facilities to lower testing and
operational costs, assess performance, and
further comprehensively manage conditions of
operation [22]. The ANN model was developed
to anticipate TDS in the AL-Atshan and Al-
Rumaitha Rivers according to the effect of EC,
Mg, Ca, SO,, and Cl. The model considered 36
input data points, 24 used for training and 12
for testing. The information scale technique
involves standardization, while the number of
hidden layers is one. The degree to which minor
and substantial elements in the input, hidden,
and output layers are related. The model's aim
was a total dissolved solid. The activation
function is shown in Figs. 3 and 4. Although
Tables 2 (a) and (b) show the estimated
parameter prediction of the input layer bias, a
hidden layer of covariates, and the output layer,
each value in the data table is denoted by the
thickness of the line in the figure, where the
grey line indicates positive, and the blue line
reflects negative values. The width of the line
represents the level of impact exerted by the
component in the prediction model, regardless
of whether the values are either positive or
negative [23].

Synaptic Weight > 0
= Synaptic Weight < 0

,//7”>
=
7 ;

Fig. 3 Artificial Neural Network (AL-Atshan
River).

Synaptic Weight > 0
== Synaptic Weight < 0

TDS|

Fig. 4 Artificial Neural Network (AL-
Rumaitha River).

Table 2 Parameter Estimation for:

(a) AL-Atshan River
Predicted
Predictor Hidden Layer 1 (iutput
ayer
H(1:1) [H@:2) [H(1:3) | TDS
Input (Bias) .029 .317 .369
Layer Mg 181 .090 -.024-
Ca 0.178 .118 -.465-
EC 719 -.243- .263
Cl 175- -.273-  -.179-
S04 .157- -.162- -.065-
Hidden (Bias) .329
Layer 1 H(1:1) 1.524
H(1:2) -1.280-
H(1:3) -.975-
(b) AL-Rumaitha River
Predicted
Predictor Hidden Layer 1 OLutput
ayer

H@:)H@G1:2) H@1:3) [H(1:4) TDS
Input (Bias) .428 -.305- -.583- .143
Layer SO4 .109 .050 .232 .208
Ca .112- .057 -.262- .245
Mg 0.313- .203 -.366- -.434-
EC -139 -.144- .770 -.366-
Cl 582 .506 -.089- -.213-

Hidden (Bias) .841

Layer 1 H(1:1) -.252-
H(1:2) .263
H(1:3) 1.525
H(1:4) .229

The impact of (independent variables) on total
dissolved solids (dependent variable) was
established in Egs. 1 and 2 for AL-Atshan and
AL-Rumaitha Rivers, respectively [25].

TDS= 0.029 +0.181 Mg + 0.178 Ca + 0.719

EC+0.175Cl+0.157 SO, (1)
TDS=0.428+0.109 SO,4+0.112 Ca + 0.313 Mg +
0.77 EC +0.506 (2)

Tables 3 (a) and (b) demonstrate that the total
quantity of mistakes in training and testing
input data was little, with squared errors and
relative errors being small, i.e., (0.028, 0.034),
(0.376, 0.11) (0.025, 0.091), and (0.014, 0.012)
for the AL-Atshan and AL-Rumaitha rivers,
meaning that the model has been effective in
predicting the total dissolved solid of the river's
raw water [24]. Divide the data available
throughout the network's training into three
categories: the Training set, the Validation set,
and the Test set, in which the Training set error
was employed to modify the network's weights
and biases, the Validation set error was used to
stop the training process if this error began to
rise for a particular amount of iterative cycles,
and the Test set error was utilized for
contrasting the various models [25]. Figures 5
and 6 show the coefficient of determinations
and the equations between the predictors and
observed value of total dissolved solid for AL-
Atshan and AL-Rumaitha rivers, respectively,
in which the best value of coefficients of
determinations were (0.96) and (98).
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Table 3 Model Summary for:
(a) AL-Atshan River
Model Summary
Training Sum of Squares Error .028
Relative Error .031
Stopping Rule Used 1 consecutive step(s) with no decrease in errora
Training Time 0:00:00.00
Testing Sum of Squares Error .025
Relative Error .001

Dependent Variable: TDS

a. Error computations are based on the testing sample.

(b) AL-Rumaitha River.

Model Summary
Training Sum of Squares Error 0.376
Relative Error .110
Stopping Rule Used 1 consecutive step(s) with no decrease in error?
Training Time 0:00:00.00
Testing Sum of Squares Error .014
Relative Error .012

Dependent Variable: TDS

a. Error computations are based on the testing sample.
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Fig. 5 Actual Total Dissolved Solid (TDS) Versus Predicted Total Dissolved Solid
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Fig. 6 Actual Total Dissolved Solids (TDS) Versus Predicted Total Dissolved Solid

for AL-Rumaitha River.
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The laboratory test leads to promote this
investigation, indicating that the AL-Atshan
River suffers from a high salinity level, i.e., EC
was around 3000, and TDS was around 1600
ppm, whereas the AL-Rumaitha River has a
lower salinity, i.e., EC was around 150 ps/cm o,
and TDS was around 8ooppm according to the
World Health Organization guidelines for water
for consumption, where TDS should be less
than (1000ppm). Since the traditional
approach is used to operate drinking water
treatment facilities, these plants were built on
the AL-Rumaitha River, where the salinity of
the water is within acceptable limits, as
opposed to the AL-Atshan River, where the
percentage of salts is extremely high, requiring
constructing modern treatment plants capable
of eliminating dissolved salts [26].

5.CONCLUSIONS

River Water pollution is a significant
environmental issue threatening aquatic
ecosystems and human health. It occurs when
harmful substances enter rivers and
contaminate the water, making it unsuitable for
its intended purposes. During the investigation
period, the water quality of AL-Rumaitha River
was better and less polluted than AL-Atshan
River, where the neural network results (ANN)
revealed a close link between total dissolved
solids (TDS) and independent parameter (EC,
Ca, Mg, SO4, and Cl) with confidence of
determinations (R2) 96 and 98 respectively for
AL-Atshan and AL-Rumaitha River in which
Laboratory testing revealed that the AL-
Rumaitha River is less saline than the AL-
Atshan River, making it more suitable for
human consumption than the Atshan River.

ABBREVIATIONS

Abbreviations Meaning

WQI Water Quality Index

TDS Total Dissolved Solids

Mg Magnesium

EC Electrical Resistivity

Ca Calcium

S04 Sulfate

Cl Chloride

PO4 Phosphate

DO Dissolved Oxygen

SPSS Statistical Package for The Social
Sciences

ANN An Artificial Neural Network

R2 In Statistics, The Coefficient of
Determination

Cs Standard Permissible for Nth
Parameter

qi Quality Rating

Wi

TH Total Hardness

TSS Total Suspended Solids
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