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Abstract
Received: Spatial distribution of groundwater quality is one of the issues that are urgently requested
22 June 2022 from both the people and decision-makers, especially during the deficiency of water network
Accepted: supply. This work included creating spatial groundwater quality maps on Mosul's left bank.

18 December 2022 The water quality studied parameters were pH, EC, TDS, Ca?*, Mg?*, K*, Na*, SO4%, HCO3
, NOg", CI" and other chemical water quality parameters as well as heterotrophic bacteria. A

Published: statistical investigation has been done to evaluate the relationship between these parameters.

30 April 2023 An inverse distance weighted interpolation model was used to give these parameters a better
geographical distribution pattern. The visual groundwater quality models gave an overview
of this water source's environmental reality and possible pollution points. The results of this
work could be employed as an effective tool in the field of planning and environmental
protection of water resources in Mosul City because there is polluted groundwater on the
eastern side of Mosul which is polluted by septic tanks and the sewage system
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1. Introduction

Water resources over the world have been suffering from quality degradation as a result of
population growth with accompanying activities and climate change (Dandge and Patil, 2021).
Groundwater is more sensitive to this challenge, not because it’s a sustainable source of water but as a
result of being the only accessible source of water supply during crises (Khattab et al., 2021). This entails
knowledge of the processes and factors influencing and controlling groundwater quality to maintain this
resource (Kale et al., 2020). Spatial analysis and representation of the required water quality parameters
is a powerful tool that can be used effectively to understand the groundwater system and hence provide
a successful management plan for these resources (Adnan and Igbal, 2014; Barmakova et al., 2022;
Dandge and Patil, 2021; Pande and Moharir, 2018). Recently, GIS interpolation functions have been
widely used in several water resource hydrological aspects (Ditthakit et al., 2021; Zhou and Li, 2020).
The inverse distance weighting (IDW) method represents one of the most potent spatial interpolation
techniques compared to others (Khattab and Merkel, 2012). Where this method is very elastic for
determining the direction of interpolation and setting up barriers.

The objective of this work is to discover the spatial distribution of groundwater quality parameters
by creating maps on the eastern side of Mosul city. These parameters comprised pH, EC, TDS, Ca?',
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Mg?, K*, Na*, SO4%, HCOs, NOg, CI- as well as Heterotrophic Bacteria. The IDW interpolation
technique was applied to create these maps by adjusting models to minimize estimation error. The results
of this work could be employed as an effective tool in the field of planning and environmental protection
of the water resources of Mosul City.

2. Materials and Methods

2.1. Geographic and Hydrological Setting

The research area is about 466 kilometers northwest of Baghdad (Iraqg's capital) (Fig. 1). The
coordinates for the area of interest are 36° 25’ 30” and 36° 18’ 00" latitude and 43° 06’ 00" and 43° 14’
30" longitudes (AtlasWorld, 2019). Mosul city is divided into two distinct banks by the Tigris River:
the left (eastern) and right (western) banks. The left bank is about 140 square kilometers in area, with
51 residential quarters and a population of more than 750.000 people (UN-Habitat, 2016).

The climate region of Mosul City is semi-arid which is hot during the summer and arid, while
during winter is partly overcast and cold (Climate-Data.Org, 2019;WeatherSpark, 2019). The rainfall is
occasionally during the winter season. The average annual rainfall from the period between 1980 to
2005 was about 370.4 mm. The Tigris River reaches the city from the north and flows south, with an
average yearly discharge ranging from 270 to 1371 m3/sec, depending on the amount of snow and rain
that falls on the river basin (Khattab and Merkel, 2015; Saleh, 2010).

The study area includes rocks from the Miocene to the Recent Deposits. The oldest rock outcrops
in the study area are the Fatha Formation (Middle Miocene), which consists of claystone, marl,
limestone, anhydrite, and gypsum strata. The formation is mostly covered by the Injana Formation
(Upper Miocene) to the north of the area of interest. The latter formation consists of claystone, siltstone,
and sandstone. River terraces, which represent Quaternary deposits, can be seen to the west near the
river, and consist of conglomerate and gravel with sand and silt lenses. Residual soil is the main deposit
that covers the majority of the study area and is consisted of loamy and sandy soil (Sissakian, 1995).
After all, the banks of the Tigris and Al-Khoser rivers are surrounded by flood plain deposits (Al-Jiburi
and Al-Basrawi, 2015)

2.2. Data Collection and Analysis

Thirteen water samples were collected from wells that were dug to alleviate the scarcity of water
during ISIS's occupation of Mosul and the subsequent military operations to liberate the city. The wells
were selected to cover the majority of the neighborhoods on the city's left side (Fig. 1). The selected
wells ranged in depth from 12 to 60 m. GPS was used to pinpoint the locations of the wells. Electrical
conductivity, T, pH, and TDS were measured in the field with the standard procedures using portable
device (Sundaram, 2009)

The major ions (Mg?*, Ca?*, K*, Na*, and SO,*) were measured using an ICP-MS after the samples
were acidified with ultrapure HNOj3 and filtered through a 0.2 um membrane filter. The concentrations
of NOs', CI" ,and HCOj3 were determined without acidification using titration methods for HCO3 and
ClI-, and a UV spectrophotometer for NOs". The TPC bacteria analysis was carried out in accordance
with standard procedures (APHA, 2005). The ICP-MS analysis was carried out at the TU Bergakademie
Freiberg in Germany. NOs', CI, HCOs", and TPC Bacteria tests were conducted at the College of
Science, University of Mosul. The pH, EC, and TDS were collected in the field. The results of field and
laboratory work have been statistically processed to provide a better understanding of the relationships
between environmental parameters (Khattab et al., 2020). The root mean square error, direction, distance
and mean center have been adjusted to select the best model interpolation for water quality data using
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ArcGIS 10.6. Spatial model by inverse distance weight was used to interpolate the spatial distribution
of groundwater quality parameters.
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Fig.1: Study area map with sampling locations
3. Results and Discussion

3.1. Water Quality Data

Table 1 presents the results of the current study's field and laboratory analyses of the samples. These
results included pH, EC, TDS, Ca?", Mg?*, K*, Na*, SO4%, NO3, HCOs. CI- and TPC values.
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Table 1. Laboratory and field analysis of groundwater samples

Sample oH EC TDS Cations (PPM) Anions (PPM) Bacteria
(us/cm)) (ppm) Ca* Mg* Na* K* HCOy SO/ CI NOy TPC
S1IM 6.98 2922 2480 5976 993 878 40 3752 16487 70.0 205 6*10°
S2M 7.14 2116 1756 226.3 133.7 108.1 115 4025 9761 46.0 48 4*10°
S3M 7.37 1310 1097 1365 66.2 804 23.0 3453 4292 560 94 4*10°
SAM 719 1814 1505 226.2 1072 787 9.0 3621 8142 660 7.7 4*10°
S5M 7.04 2721 2312 4685 165.0 46.1 252 5124 14125 76.0 0.7 4*10°

S6M 722 1612 1328 1625 1058 830 18 3758 5220 1004 46.0 7*103
STM 719 1814 1505 1984 1418 560 14 4293 7028 760 225 6*103
S8M 7.15 2015 1673 1725 1433 1644 16 4798 7288 136.0 427 6*103
SOM 7.34 3829 3214 5472 1976 290.1 53 4574 215477 1859 10.2 9*103
S10M 7.19 1612 1330 191.0 1005 889 14 3872 5569 660 352 7*103
S11M 7.1 1008 834 1104 517 787 17 3232 1872 780 5138 7*103
S12M 747 1310 1123 2325 780 318 12 3545 5982 260 14.2 4*103

S13M 7.2 1914 1589 287.8 813 847 21 4002 6764 940 528 3*103

3.2. Statistical Investigation

This section provides a statistical descriptive review of groundwater quality data (Table 2). The
minimum, maximum, standard deviation, mean, and standard error for the water quality parameters
investigated have all been calculated. Mean, Std. Dev. and Std. Error for EC, TDS, SO.*, and TPC
indicate that values of these parameters are more range out of the mean. The correlation coefficient
matrix for groundwater parameters of Mosul City's left bank is shown in Table 3.

Table 2. Statistical overview for groundwater samples

Variables Min. Max. Mean Std. Dev. Std. Error
pH 7.0 75 7.19 0.133 0.036
EC 1008.0 3829.0 1999.7 677.09 212.4
TDS 834.0 3214.0 1672.7 650.60 180.4
Ca?* 110.4 597.6 273.6 159.33 441
Mg?* 51.7 197.6 113.1 41.47 115
Na* 31.8 290.1 98.3 65.76 18.2
K* 1.2 25.2 6.8 8.30 2.30
HCO3 323.2 512.4 400.3 55.46 15.38
SO 187.2 2154.7 877.5 548.0 151.98
Cl 26.0 185.9 82.7 40.86 11.33
NOs 0.7 52.8 24.5 18.81 5.21
TPC 3*10° 9*10° 5461.5 1761.40 488.5

The strong positive correlation between Ca?* and SO,%, both of which have a strong correlation
with TDS and EC (Table 3), indicates that the process of dissolving gypsum is the most influential factor
in the supply of ions to groundwater, which is one of the consequences of gypsum's widespread in the
study area's aquifer rocks (Khattab et al., 2021). The strong correlation between Na*and Cl suggests that
halite is dissolving. The positive correlation (0.86) between Mg?* and HCOs™ indicates the interaction
between water and magnesium carbonate (Saha et al. 2019).

3.3. Spatial Interpolation Model

Fig. 2 depicts the spatial distribution of groundwater quality parameters in the samples collected
from Mosul's left bank. These spatial models were created by ArcGIS using the inverse distance weight
interpolation technique
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Table 3. Correlation coefficient between water quality parameters

pH EC TDS Ca?* Mg?* Na* K* HCOz oy Cl NOs TPC
pH 1
EC -0.22 1.00

TDS -0.22 1.00 1.00
Ca?* -0.29 0.90 091 1.00
Mg?* -0.12 0.80 0.80 0.53 1.00
Na* 0.14 0.67 0.66 0.37 0.60 1.00
K* -0.06 0.15 0.16 0.17 0.16 -0.15 1.00
HCOs  -0.26 0.64 0.64 0.44 0.86 0.37 0.25 1.00
SO -0.18 0.98 0.99 0.93 0.75 0.60 0.18 0.56 1.00
Cr -0.01 0.62 0.61 0.34 0.62 0.87 -0.21 0.52 0.51 1.00
NOs -0.15 -0.40 -0.41 -0.41 -0.43 -0.03 -0.66 -0.23 -0.51 0.23 1.00
TPC -0.04 0.34 0.33 0.17 0.34 0.62 -0.44 0.09 0.29 0.65 0.26 1.00

The value of the interpolation point in this technique has an effect on the interpolation point by
weight (Liu etal., 2021). These predicted models for groundwater quality parameters have been adjusted
to minimise estimation error. The mean and root mean square (RMS) for each predicted spatial value
have been calculated (Table 4). The pH values ranged from 6.98 to 7.46, with the highest values found
in the residual soil aquifer near the Tigris River and the lowest in the Fatha aquifers. The decrease in pH
value indicated the absence of calcite in the water (Saha et al., 2019). Ca concentrations are higher in
the north and middle of the left Mosul bank due to the presence of water within the gypsum rocks in
these areas. Mg concentration increases westward, with a higher value in the middle area of interest.
TDS, SO.%, and EC all follow the same spatial pattern (Fig. 2). The higher values were found in the
north and middle of the left Mosul bank. This is due to the direct relationship between electrical
conductivity values and sulphate rocks (Guinea et al., 2012). Na* spatial model values range from 31.8
to 289.9. A high Na* value could indicate pollution from both point and non-point sources (Panno et al.,
2006). This distribution pattern is comparable to the CI- spatial model. The K* map shows that the
majority of the study area has low values, except for the area near the Tigris River within the Injana
aquifer. Potassium can enter groundwater through fertiliser use, animal or waste product breakdown,
and clay mineral decomposition (Saha et al., 2019). NOs™ and total plate count of bacteria suggest that
groundwater in the east part of the study area is contaminated by septic tanks and sewerage system leaks
(Satyaji Rao et al., 2012). The NOjs spatial value model had a range of 0.73 to 52.7 ppm. HCO3 has the
same spatial distribution as Mg, indicating that dolomite is the main source of these ions in the
groundwater of the study area (Zhang et al., 2020). TPC spatial distribution shows that pollution
increases away from the river, which could be due to the fact that neighborhoods near the river are less
densely populated than those farther away from the river and have a better sewage system.

Table 4. RMSE and Mean error in Inverse distance weight method

Variables Mean Error R.M.S. Error
pH 0.02 0.14
EC 314.7 927.5
TDS 268.4 789.6
Ca?* 66.4 196.3
Mg?* 19.9 44.9
Na* 48.1 94.1
K* 9.5 12.2
HCOs 15.32 62.8
SOs* 319.3 713.7
Cl- 21.9 50.8
NO3z 10.0 22.3
TPC 507.3 1553.6
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Fig.2. Spatial distribution model of groundwater quality parameters for left bank of Mosul city.
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4. Conclusions

e The spatial model findings suggest that the groundwater on the eastern side of Mosul is polluted
by septic tanks and the sewage system. It also revealed that carbonite and evaporite rocks have
the greatest influence on groundwater hydrochemistry in the study area. Furthermore, the
groundwater in the left side of Mosul City has higher values for most water quality parameters.

e The current spatial models of water quality parameters can help authorities and planners make
informed decisions about the best future locations for drilling wells and their suitability for
various uses.

e The present study demonstrated the effectiveness of GIS in providing information on
groundwater quality, which aids in the study and evaluation of the state of water by representing
water quality characteristics in the form of maps that display water quality information in a
simplified manner.
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