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Abstract

The present article delves into the examination of groundwater quality, based on WQI, for drinking purposes in Baghdad
City. Further, for carrying out the investigation, the data was collected from the Ministry of Water Resources of Baghdad,
which represents water samples drawn from 114 wells in Al-Karkh and Al-Rusafa sides of Baghdad city. With the aim of
further determining WQI, four water parameters such as (i) pH, (ii) Chloride (CI), (iii) Sulfate (SO4), and (iv) Total
dissolved solids (TDS), were taken into consideration. According to the computed WQI, the distribution of the groundwater
samples, with respect to their quality classes such as excellent, good, poor, very poor and unfit for human drinking purpose,
was found to be 14.9 %, 39.5 %, 22.8 %, 6.1 %, and 16.7 %, respectively. Additionally, to anticipate changes in
groundwater WQI, IBM® SPSS® Statistics 19 software (SPSS) was used to develop an artificial neural network model
(ANNM). With the application of this ANNM maodel, the results obtained illustrated high prediction efficiency, as the sum
of squares error functions (for training and testing samples) and coefficient of determination (R?), were found to be (0.038
and 0.005) and 0.973, respectively. However, the parameters pH and Cl influenced model prediction significantly, thereby
becoming crucial factors in the anticipation carried out by using ANNM model.
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1. Introduction

For sustaining life, safe drinking water is one of the fundamental needs of every human on earth, due to which it
must be available to all people in an adequate amount via safe and accessible ways of water supply. The increased
demand for clean drinking water draws attention towards the management of groundwater quality. Especially in
developing countries, where the issues regarding the accessibility of clean water have become acute, the groundwater
quality assessment is imperative. Approximately, one-third of the world’s populations have been found to use
groundwater for drinking. With an added advantage of being extracted at several places, the groundwater makes the
transportation via pipe redundant. Generally, water having a constant composition is hygienically reliable, due to which
the water can be distributed occasionally, without any treatment. However, simple and cheap treatment (e.g. disinfection)
is often inevitable. On the other hand, alteration in the groundwater quality caused due to natural substances, in addition
to, anthropogenic activities in the surrounding soil can show its repercussions on the public health if left untreated [16].
Recently, in Iraq, the flow rates of surface waters has decreased significantly, owing to the policy of the surrounding
countries of the source, which in turn has led to the shortage of water required for irrigation and drinking. Therefore,
there is an urgent need to evaluate the groundwater quality for ensuring appropriate use of groundwater resources for
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obtaining clean drinking water In the present investigation, quality of drinking groundwater available in rural areas in
Tabriz, Iran, was studied [14]. For comparing and evaluating water quality, multivariate statistical techniques, including
principal component analysis (PCA) and hierarchical cluster analysis (CA), were employed [17].

Further, the result obtained illustrated the presence of high salt concentrations in the eastern and northern parts of the
studied area, as the water was described to be hard water, with the level of CaCO3 reaching up to 476 mg/L. On the
contrary, in the western parts, arsenic contamination was observed (69 pg/L), with the mercury being above the standard
limits. Additionally, suitability of groundwater for different purposes in Dun valley, central Nepal, was also evaluated.
Apart from the nitrate concentration, which was present above the permissible limit (>50 mg/L) in 53 % of the samples,
all other physicochemical parameters were within the permissible limits. According to the groundwater quality index
(GWQI), all the samples were found to be suitable for agricultural and industrial purposes [4]. Nevertheless, due to high
nitrate concentration, about 50 % of samples were unfit for drinking purpose. [23] Further, the groundwater quality was
assessed for irrigation in the coastal area (Skhirat region) Morocco. From the results, Na and Ca cations along with Cl
and SO4 anions was found to be present predominantly. The study also reveals that irrigation water has high salinization
risk, while alkalinization risk ranges from low to medium. In other words, these waters have a high risk of getting
toxified by chloride ions. In a nutshell, groundwater in the Skhirat region was established to be of good quality and is
highly suitable for irrigation [19].

Similarly, the quality of groundwater in a rural community in North Central of Nigeria was determined. The results
demonstrated the contamination of water samples by NO3, Mg, and Pb, with concentrations exceeding the WHO
permissible limits [8]. Mainly, anthropogenic sources such as domestic wastewater and poor waste disposal to natural
sources such as mineral dissolution from the clayey aquifer lead to high concentrations of these contaminants in water
samples. Thus, the groundwater becomes highly acidic with further being unsuitable for consumption. Additionally,
microbial contamination by Enterobactererogenes and Escherichia coli was also detected [17]. For evaluating the
groundwater quality, the water samples were also collected, in pre-monsoon and post-monsoon seasons, from Andhra
Pradesh, India [15]. According to the total dissolved solids classification, the majority of the groundwater samples
collected were drawn, from the areas which require groundwater for drinking as well as for irrigation purposes. Upon
evaluating, 85 and 89 % of the samples were categorized, as very hard water, which further requires softening processes
for becoming suitable for domestic use. On the other hand, 48 and 42 % of the samples contain sodium (200 mg/L),
while 34 and 41 % of the samples have nitrate content (50 mg/L), both being above the permissible limits, making the
samples unfit for human consumption. However, the average water quality index illustrated that the majority of the
samples are good with further qualifying to be used as drinking water. Likewise, various irrigation indices demonstrated
the samples to be reliable with acceptable application in agricultural activities. Moreover, the LSI and RSI values classify
the groundwater of the area as very aggressive with being prone towards substantial corrosion [20].

Considering the peri-urban agglomeration, the situation of the groundwater quality of Ranchi city, India, was
estimated. The samples from this area, consisted of highly toxic metals viz., As, Ni, Mn, and Se, with their concentrations
(ppm) falling in the range of 0.0 to 200, 0.0 to 80, 0.0 to 4200, and 30 to 140, respectively. According to the WHO
standards for drinking purposes, these values are above acceptable limits. In this context, the Water Quality Index (WQI)
further describes the poor water quality of 80% of sampling locations, followed by very poor water quality of 7 %, with
4 % being unfit for drinking. Only 9 %, of all samples, have good water quality. Proceeding further, the groundwater
quality of Al-Khadhimiya city of Iraq [9], collected from 13 wells during four seasons, was assessed using several
quality parameters. From the obtained results, the quality of groundwater was found to be unfit for human drinking
purpose, where the major cause of groundwater quality deterioration was; turbidity, hardness, Cl, SO4, Ca, and Mg
present in the water [1]. Further, for the data collected from 29 wells located in Zubair, Safwan, and Um-Qasr of Basrah
governorate, WQI was applied, whose value varied from poor to unfit making the groundwater of the studied area
unsuitable for human drinking purpose. Therefore, the current research aims to evaluate the quality of groundwater for
drinking purposes based on Water Quality Index (WQI) in Baghdad City, followed by the development of an artificial
neural network model using IBM® SPSS® Statistics 19 software (SPSS) [3], for predicting the changes in groundwater
WQI [7]. Figure 1 describes the schematic diagram of research methodology.

2. Material and Method
2.1. Case Study Description

The case study was carried out in Baghdad city, located in the Middle East region of Iraq between the latitude of
33°20"26.09" in the north and longitude of 44°24'3.17" of the east with an estimated area of 204.2 km?. Further, according
to the availability of groundwater in the area, the samples were collected, from 114 wells with depths varying from (0.2-
7) m. The wells selected for sample collection were distributed, over different districts in Al-Karkh and Al-Rusafa sides
of Baghdad City. Table 1 represents the possibility of laboratory testing of the chemical parameters related to
groundwater.
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Table 1. Chemical parameters of groundwater samples in Baghdad city

Location pH Cl (mg/L) SO, (mg/L) TDS (mg/L)
Al- Rasafa -

Minimum 6.4 125 120 550
Maximum 11.3 21000 12000 30000

Average 7.45 3290 3632 8215
Al-Karkh

Minimum 6.7 125 420 26300
Maximum 8.6 24000 7100 650

Average 7.35 1818 2289 4733

Testing standard

BS 1377 Part 3:1990 [5]

Study Area Selection

Descriptive Statically Analysis

Performance Evaluation of WQ

Groundwater

Data

Calculation of GWQI

Compare the GWQI with Status of

ANN Model
Built

Training, Testing and Validation with Respect
to R?

Discuss the Model Results

Conclusion

Figure 1. Schematic diagram of research methodology
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2.2. Groundwater Quality Index (GWQI)

Upon evaluating several quality parameters of water, groundwater quality index (GWQI) provides a single number,
which signifies the overall groundwater quality at a certain time and location. In this way, WQI turns complex data into
a simple indicator of groundwater quality, with the intention of making it usable and understandable by the public [22,
13]. WQI have been employed in several studies related to groundwater quality assessment, for classifying the suitability
of groundwater for various purposes [17, 20]. In the present study, the limits for drinking water of Iraqi standard
specification [10] and weighted arithmetic index method [6] have been used, for calculating WQI [13].

¢ Proportionality constant (K) was calculated using the following equation:

1

n 1 1)
j=0;

K=

Where, S; and n denotes the standard value for the i" parameter and number of parameters respectively.

e For calculating the unit weight of the i" parameter (Wi) Equation 2 was used (shown below):

W_K
=3 @

e To calculate sub-index or rating of the it" parameter (Qi), a number that reflects the i parameter relative value in
polluted groundwater corresponding to its allowable standard value, Equation 3 (shown below) was employed:

100V,
Qi = S, ?3)

Where, Vi represents the it parameter monitored value. While, the sub index for pH (Qu+) was calculated according to
the expression:

[Vi—S]

QpH =100 m lpr > 7 (4)
[S—Vi]

Qpu = 100 o] ifpH < 7 (5)

Where, S is equal to 7, which is the neutral value of pH.

¢ WQI was calculated using Equation 6:

CILQiW,

n
=1 Wi

wQl (6)

Table 2 displays the classes of water quality based on the computed WQI using a scale ranging from excellent to
unfit for human drinking. The table reveals that 39 % of the tested samples correspond to good water quality, while
more than 44 % falls in the range of poor to unfit for human use. Table 3 depicts the standard limits of water parameters
along with their unit weights. Table 4 describes an example for the calculation of WQI for the well Al-Watheq Sqg. in
Al-Rusafa side of Baghdad city.

Table 2. WQI and status of water quality [6]

WQI value Water quality status Groundwater samples %
0-25 Excellent 14.91228
26-50 Good 39.47368
51-75 Poor 22.80702
76-100 Very poor 6.140351
>100 Unfit for human drinking purpose 16.66667
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Table 3. Standard limits for quality parameters and unit weights

Parameters Limits (S;) ICOSQ,2009 1/s; K Unit Weight (W;)
pH 8.5 0.117647 0.949
Cl (mg/L) 350 0.00285 0.023
SO, (mg/L) 400 0.0025 8.065 0.02
TDS (mg/L) 1000 0.001 0.008
Y, = 0.123997 Y =1

Table 4. Sample of calculation GWQI for the well in Al-Watheq Sq

Parameters Data (Vi) Q W;Q;

pH 71 6.667 6.327

Cl (mg/L) 750 214.286 4.929

S0, (mg/L) 2475 618.750 12.375

TDS (mg/L) 4600 460.000 3.680
WQI 3 =27.310

Class Good

2.3. Artificial Neural Network Model (ANNM)

In a manner similar to the human brain operation where neurons receive input signals and produce output signals, an
output data could be predicted, using a network of artificial neurons, from input data [12]. Further, for modelling water
quality, investigation of the mathematical relationship between the independent variables (chemical parameters of water
quality) and the dependent variable (WQI), was carried out by training and testing the model from past data. Moreover,
to utilize the gained knowledge from the input data, for future WQI predictions, it was stored in the network.

2.3.1. Model Description

Usually, the artificial neurons of the network are being expanded to different layers, while showing a connection
with each other via a weight, determined when the error of the sample data between the actual and predicted outputs is
minimum [18]. Figure 2 illustrates a simple explanation of the network layers, in addition to, its mathematical function
in which (f) is the activation function.

2.3.2. Model Validation

For measuring the difference between observed and predicted values, one can use the sum of the square error
function. When the error function is low, the prediction efficiency of ANNM was found to be high, because the network
tries to minimize it during training (IBM® SPSS® Statistics 19 User Gide). Alternatively, Khan et al. (2010) explored
another statistical parameter R2, the coefficient of determination. The values of R2 vary from 0.0 to 1.0, thereby further
indicating that higher the R2 value, the better the ANNM fits the input data [11].

Input layer Hidden layer Output layer
° - ‘
W3

Figure 2. Structure of the neural networks
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3. Results and Discussion
3.1. Groundwater Quality Parameters

For determining the quality of groundwater, the chemical parameters such as pH, Cl, SO4, and TDS, were analyzed.
3.1.1.PH

PH being the most vital parameters of water quality indicates the presence of alkaline or acidic material in the
groundwater. In Al-Rasafa side, the pH value ranges from 6.4 to 11.3, with the highest pH values of 11.3, 10.5, and 9.6
in Karadat Maryam, Al-Naser, and Al-Nahda, respectively (see Figure 3). Thus, the pH of the area under investigation
seems to be within the desirable limits specified for drinking water.

3.1.2. Chloride (Cl)

Generally, CI extensively disseminates in all types of rocks. Further, high concentrations of CI in groundwater
samples implies to the existence of high organic content in it, thereby making it unsuitable for drinking and livestock
watering [9]. For many regions in Baghdad City, the chloride concentration reaches a value of 24000 mg/L in Al-Karkh
side, which is far away from the standard value of 350 mg/ L (see Figure 4).

3.1.3. Sulfate (SO4)

Natural water consists of approximately 50 mg/I of sulfate. Further, WHO, 2011 has mentioned that drinking water
having a high concentration of sulfate may lead to corrosion in pipe networks used for its distribution accompanying a
noticeable taste. Commonly, the recommended value of sulfate for human consumption is 400 mg/l. The present study
illustrates that the concentrations of sulfate in groundwater reach a maximum value of 12000 mg/L in A-Rasafa side,
due to the gypsum content present in the soil [2]. In this direction, Figure 5 depicts the majority of the groundwater
samples having high SO4 concentration.

3.1.4. Total Dissolved Solids (TDS)

In humans, gastrointestinal irritation can occur due to high TDS concentrations. Additionally, consuming water with
high TDS for long-term may lead to several heart diseases and kidney stones. Anthropogenic sources such as solid waste
dumping, domestic sewage, and agricultural activities, may be one of the basic reason for such high values of TDS. In
most of the groundwater samples, high TDS values were measured, with an average of 8215 mg/L in Al-Rasafa and
4733 mg/L in Al-Karkh sides. Further, Figure 6 represents the variation in TDS in groundwater samples in Baghdad
City. Moreover, the figure reveals that in the case of the majority of the samples, the TDS value exceeds the permissible
limit of 1000 mg/L, mentioned for drinking water.
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Figure 4. Chloride concentration in in groundwater samples
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Figure 5. Sulfate concentration in groundwater samples
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Figure 6. TDS Concentration of in groundwater samples
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3.2 Artificial Neural Network Model (ANNM)
3.2.1. Model Training

For developing ANNM, the procedure used in this study is as follows:
3.2.1.1. Partition Dataset

Model training method was employed for calculating the model structure (connection weights and the numbers of
hidden neurons) with the task being accomplished by partitioning the input data into training, testing, and holdout
samples. Further, the set of data of the holdout sample were not considered, for building the model (IBM® SPSS®
Statistics 19 User Gide). In this research, the best partition dataset depends on the sum of squares error for training and
testing data as shown in Figure 7. This figure demonstrated that the best partition dataset was found to have values 65,
20, and 15 % corresponding to training, testing, and holdout data, respectively. Nevertheless, with the larger training
sample, the value of the error function of the testing sample decreases until it reaches the best value at 0.142, followed
by a subsequent increase.

—@—Training —@— Testing

Sum of Squares Error

Partitions

Figure 7. Sum of squares error with different partitions
3.2.1.2. Activation Function

The attainment of best partition dataset subsequently follows the investigation of the effect of changing the activation
function of the output layer on the performance of the model. The automatic architecture tested the hyperbolic tangent
and identified the sigmoid functions as shown in Figure 8. Among other functions, the sigmoid activation function was
found to have the smallest error for both training and testing.

3.2.1.3. Number of Hidden Neurons

The ability of the model to predict the output data gets affected by the number of hidden neurons. With a few hidden
neurons, the model becomes incapable of learning sufficiently; thereby under-fitting of the model occurs. On the other
hand, too many hidden neurons make the model lose its generalization ability leading to the over-fitting of the model
[21]. Further, as indicated by Figure 9, 10.0 hidden neurons were the best number as they gave the smallest error of
0.038 and 0.005, for training and testing data, respectively.
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Figure 8. Sum of squares error with different activation functions
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3.2.2. Model Prediction

For rescaling input data, the ANNM was developed using the standardized method with the utilization of the scaled
conjugate gradient as the optimization algorithm required for estimating the network weights. Further, by using the
ANNM between the observed and predicted WQI values, a high value of the coefficient of determination (R2) of 0.973

was achieved (see Figure 10).
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Figure 10. Predicted-by-observed chart for WQI

The significance of the independent variables lies in the measurement of the variation of the model (facilitated by
independent variables) during the prediction of the output values. In this context, Figure 11 shows that pH exerts the
highest effect on the method adopted by the model for the WQI prediction, followed by chloride, total dissolved solids,

and sulfate.
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Figure 11. Independent variable importance chart
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4. Conclusion

In the present work, for carrying out the analysis of the groundwater quality in Al-Karkh and Al-Rusafa sides of
Baghdad city, determination of the WQI, required for establishment of the suitability of groundwater for drinking
purposes, was carried out using four chemical water parameters. Upon evaluating the results most of the chemical
parameters, for less than a quarter of water samples, exceeded the allowable standard limits of Irag, which in turn makes
it unfit for human drinking. Moreover, the presence of gypsum, solid waste dumping and other anthropogenic activities
affected the groundwater quality of the area under investigation. With the aim of further predicting the groundwater
quality in the future ANNM was developed. By using this model, the smallest values of error functions for training and
testing samples and high R2 value were obtained. Thus, the model exhibits high prediction efficiency. However, chloride
and pH, the most vital parameters, affected the model prediction.
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