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ABSTRACT

Geographic Information System (GIS) technique was used in this study to produce a Water Quality Index (WQI)
map to assess the water of Habbaniya Lake for drinking purposes. Sixteen samples of fresh surface water were
collected and analyzed to verify the physiochemical parameters of the WQI. These parameters include Total
Dissolved Solids, pH, Calcium, Magnesium, Sodium, Potassium, Chloride, Sulfate, and Nitrates. The result of these
parameters has been transferred to the GIS platform to construct a water quality database and map of spatial
distribution for each parameter using the inverse distance weight (IDW technique). The results of these parameters
were also used to calculate irrigation water quality index values, and transferred to the GIS platform for the
production of the water quality index map. The spatial distribution index of drinking water in Habbaniya Lake is
depicted on this map. It shows that WQI for all water samples is within the second category (50-100) except (S 5
and S 8) below the second category (<50). The short-scope of WQI indicates that the water quality of Habbaniya
Lake has been considered as convergent water quality that fluctuated from excellent water to good water for human
drinking. It shows also that the northwestern part of Habbaniya Lake waters is more appropriate for drinking since

the Al-Warar Canal drains in this part, which takes its water mainly from the Euphrates River.

1. Introduction

Euphrates and Tigris rivers and their tributaries are the
main and important sources of fresh surface water in addition
to the lakes, and just a little of water resources (14%)
originates from groundwater [1]. Habbaniya Lake is one of the
largest surface water bodies in the Anbar governorate and one
of the most important freshwater resources for the people
living in its vicinity. The capacity of Lake Habbaniya can help
reduce the impact of droughts and floods by reserving huge
quantities of water and using it as a source of water for
drinking, industry, and a water system for agriculture.

Biological and Environmental studies have been studied
by a large number of researchers to investigate the properties
of Habbaniya lake [2]; [3]; [4]; [S]; [6]- The major impacts on
the lakes' ecosystem are building a dam, climate change land-
use change, and pollution, these factors can affect to a varying
degree. Atmosphere assumes a significant job in impacting the
connection among precipitation and evaporation that add to
increment or reduction of water in the region along these lines
its quality changes [7].
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The description of the occurrence of distinct elements and
their relationship to the surrounding material is part of the
study of water quality as well as the different environments,
land use land covers hydrologic conditions, and human
activity [8]; [9]. One of the most useful instruments is the
water quality index, which is used in many countries in
evaluating water quality [10]; [11]. The WQI is a route for
consolidating the perplexing water quality information into a
solitary proclamation or single worth [12].

In the current study, 16 surface water samples within
Habbaniya Lake were collected for evaluation in terms of
quality and validity using the WQI technique based on GIS.
This strategy has seen a lot of success in recent years, and it's
a great way to get a thorough picture of the health of the
surface water by combining composite data. Numerous
investigations have confirmed the significance of WQI as an
indicator to evaluate water quality as suggested for the first
proposed time by [13]. Scientists built up the norm’s charts for
drinking water at the Salinity Laboratory of the US [14]; [15].

The study of WQI has been increased recently in many
countries and found to be a simple tool in evaluating the
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objective of this study is to assess the Habbaniya Lake water
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suitability for human consumption based on the WQI map
created with a tool of the ArcGIS Spatial Analyst.

1.1. Study Area

Habbaniya Lake is situated in Anbar Governorate to the
south of Ramadi city, adjacent to the village of Al-Angoor.
This lake is fed by the Euphrates River and has 2 water outlets
which are the Majara canal and the Theban canal [21].
Geographically the Habbaniya Lake is located between
longitudes of 43°19'40.6"- 43°36'34.4" E and latitudes of
33°10'37.7" —33°22'20.8” N occupies about 364 km?, with a
mean elevation of 44m above sea level Figure 1.

n <n
;'f H ;/-*r_._\:_'_, Pt
\ N }\
- o . -
’ K NE
§ i '
, ) Sv
b Mavar
' " .
f IR
05 Hazw'n e s i ‘: i -
[ v——" N =T - -
Nidka v n o |,
- ——
»n on
i
e avE aug aus
3 ' — N |E
B f
Al ' "
- \ . ASe b
E { ST s | NN E
Bl 0 KR ST
| O g et &3 \
- X AL
v .
-~ A ;‘
3 N 1 /| E
. IS o » / -
H4 oy /£ 314/ F=
E { A TR
< ] e
r1 ¢ fardu r
B & [ S R |
are anre s e

Fig. 1: Study area and selected stations

Geologically, the area around Lake is characterized by
exposed many formations; involve Early Miocene is the
Euphrates, Middle Miocene are Nfayil and Fatha, and Late
Miocene is Anjana as well as Quaternary sediments [22].

2. Materials and Methods
2.1. Data Collection

Sixteen Surface water samples were collected in a random
manner in polyethylene bottles based on a preliminary field
study conducted in various places of Habbaniya Lake, during
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the month of October 2019 (Figure 1). Chemical parameters
pH, TDS, Calcium, Magnesium, Sodium, Potassium,
Chloride, Sulfate, and Nitrate ions have been utilized for the
appraisal of water suitable for human consumption to develop
the WQI technique. The World Health Organization Standard
[23] for drinking purposes was utilized to calculate the WQI
model.

2.2. Calculation of WQI

The calculation of the WQI model includes several steps:
First, unit weights are assigned to the chemical parameters
depending on their relative significance in the general nature
of water quality for human uses and their crucial function in
the quality of water for drinking purposes. Assigned Weights
in the WQI technology classified water quality depending on
purity degree using the most common parameters to determine
water quality [24].

To calculate the unit weight of the WQI parameters, the
following equation was used:

Wi=K/Si

Where: Si: is the suggested standard estimation of each
parameter. K is the proportionality constant. Where it's
determined by utilizing the following formula:

K=1.0/ {3} (1.0 / Si)}

In the subsequent advance (second step), each parameter is
assigned a scale of a quality rating (qi) by means of division
concentrations of water samples by its particular suggested
standard value, and then the result is multiplied by a hundred
[25]; [26]:

qi = {(Xi- Xo)/ (Si- Xo)} *100

Where; the quality rating is represented by qi in the above
equation; the chemical parameter concentrations of water
sample are represented by Xi in mg/l except Hydrogen
Number without unity; while the Xo is the parameter's
optimum value in pure water (Xo = 0.0 except for pH =7.0).

For computing WQI, the index of parameters (SIi) is
determined first which in turn is used in the calculation of the
WQI as the equation that follows:

SI; =Wixqi

n
HWQI = Z SI,
i=1

The statistical physic-chemical parameters, as well as the
WQI calculated, are listed in Table 1. Table 2 shows the
weighted arithmetic and standard values for each parameter.
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Table 1: Physical-chemical properties of water samples are
summarized statistically and the computed WQI for each
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WQI. There is a strong correlation between water parameters
except for NOs™ attributed mainly to the exposed rocks and
sediments in the recharge area. The main sources of NO3™ may
incorporate overflow or drainage from prepared agrarian
terrains, industrial and municipal wastewater, feedlots of

sample. animals, urban drainage, dumps of refuse, and decaying plant
2 within the River basin of recharge area. As well as agriculture
s o |2 z | = o g g T g g activities which distribute mainly along the northwestern part
3 5 : + = = by > Q
z ' of the lake.
. Table 3: Water quality parameters an I relationship in
S.1 | 855|463 | 93 | 7.1 | 185.0 | 248.1 | 3.0 | 85 | 7264 | 8035 ble 3: Water quality p clers dWQ relationship
S.2 | 705 | 406 | 71 | 63 | 142.6 | 2358 | 3.1 | 83 | 630.7 | 72.02 the concept of a correlation coefficient.
S.3 720 | 449 | 91 | 7.0 | 1727 | 2710 | 4.0 | 84 | 7255 | 76.68 WQL [pH. |TDS. [Ca®™ [Mg” [Na® [K" [CI [SO& [NO¥
S.4 | 7205 ] 467 | 88 | 69 | 1630 | 2782 | 3.5 | 8.4 | 7403 | 76.23 "‘1’in~ 1917 -

pH. .

S.5 [ 605 [ 315 52 [ 60 | 112.0 | 179.0 | 50 | 7.6 | 532.2 | 49.67 s Ton s
S.6 | 550 302 ] 47 | 38 | 97.0 | 1580 | 42 | 82 | 4552 | 56.49 ca 796 Te76 T80 11
S.7 [ 593 [ 340 | 48 | 86 | 102.0 | 163.0 | 3.4 | 7.8 | 489.7 | 63.59 Mg 950 |.850 [.977 |.821 |1
S.8 [623[325] 52 [ 48 | 103.0 [ 1782 | 60 | 7.8 | 502.9 | 49.11 Na*_ |.923  |.831 |.981 |.838 |.973 |1
S.9 [ 615[335] 52 | 45 | 1050 | 1732 | 62 | 7.9 | 499.1 | 51.19 K~ [.691 [.355 |.634 |.573 |.645 [.606 |1
S.10 | 735 | 360 | 72 | 69 | 139.0 | 2099 | 56 | 7.8 | 6124 | 59.53 cr . 923 |.825 |.974 |.922 |.952 |.960 |.617 |1
S| 714 | 439 | 87 | 7.0 | 1552 | 2502 | 45 | 8.1 | 6752 | 69.71 SO~ |918 1836 1983 1.795 1.972 1982 |.589 1.945 1
S.12 | 735 | 466 | 100 | 7.3 | 1604 | 280.6 | 3.2 | 84 | 7458 | 7175 NOs [.651- |.625 |.461 |.A408- |457- |.420- |.404- |.d64- |41 |1
S.13 [ 741 [ 513 [ 107 [ 75 | 1765 | 2971 | 33 | 84 | 8117 | 8161 . )
S.14 | 750 | 519 | 112 | 7.7 | 1785 | 3049 | 4.9 | 85 | 780.6 | 84.70 3.2. GIS database generation for water quality
S.15 | 729 | 479 | 103 | 7.1 | 172.7 | 2913 | 5.0 | 84 | 746.6 | 78.97 The water samples were chemically analyzed, and the results
S16 | 743 [ 453 | 102 | 7.1 | 166.8 | 2893 | 23 | 85 | 733.7 | 79.91 . .
ve T o06 a5 T o8 o6 1457 2380 a2 82 Tes03 for the chemical components are presented in Table 1. These

All parameters are in mg/ 1 except pH without unit

Table 2: Weighted arithmetic and standard values for each
parameter according to [23]

Parameters | Units | Standard 1/Si K. Weight
(8i) [23] (Wi)
pH - 6.5-8.5 0.1176 0.413
TDS mg/ 1 1000 0.001 0.003
Ca*' mg/ 1 75 0.013 0.046
Mg* mg/ | 50 0.02 0.07
Na' mg/ | 200 0.005 3.5137 0.017
K’ mg/ | 10 0.1 0.35
Cr mg/ 1 250 0.004 0.014
SO4* mg/ 1 250 0.004 0.014
NOs mg/ 1 50 0.02 0.07
21/Si=
Total 02846 1

3. Results and Discussion
3.1. Correlation Matrix Analysis (CMA)
The CMA of numerous variables is a very valuable tool for
improving research and advancing science to new heights
[27]. The results of the correlation matrix analysis of the WQI
and its parameters in Habbaniya Lake are listed in Table 3.
The analysis' correlation determines the degree of
convergence in the link between the chemical variables. The
best linear correlation between the 2 chemical variables is
shown by the correlation coefficient with a value that is closer
to +1.0 or -1.0. The purpose of this method's analysis is to
determine the nature of the relationship between the
determinants of drinking water chemical parameters and the
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results were used to generate a water quality database for the
research area using a GIS environment. Each parameter's
spatial distribution map (SDM) has been created with the help
of the spatial analyst extension, and IDW modeling techniques
as shown in Figures (2 to 10).

The TDS values in the Habbaniya Lake waters are within a
range of 455 to 811 mg/l (Figure 2). The TDS levels clearly
increase in the southeastern direction and all the water
samples do not exceed the Iraqi standard for drinking water.
Water samples in the research area had pH values ranging
from 7.6 to 8.5 (Figure 3) indicating that the groundwater is
alkaline.
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Fig. 2: Distribution of TDS in Habbaniya Lake
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G ot s Araew to dissolve. According to [23], the maximum permitted value
g. N g for sodium-ion is 200.0 mg/l. Hence all of the water samples
A in Habbaniya Lake are within WHO's allowed limits (Figure
7). Chloride contents in Habbaniya Lake are within WHO's
£ K allowed limits (Figure 8).
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Potassium (K") concentrations are found in the studied
area within WHO's allowed limits as shown in (Figure 6). The
sodium ion is commonly found in large concentrations in
water because it is present in most rocks and soils and is easy
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Sulphate contents in Habbaniya Lake ranged from 158 to
3049 mg/l (Figure 9). Consequently, 50% of the water

Fig. 8: Distribution of CI" in Habbaniya Lake
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samples exceed the permissible limits of [23] water standards.
The values of Nitrate (NOs) vary from 2.3 to 6.2 mg/l in
water samples (Figure 10).
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Fig. 9: Distribution of SO4? in Habbaniya Lake
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Fig. 10: Distribution of NOs™ in Habbaniya Lake

3.3. Generation of WQI map

The computed WQI values are divided into five categories;
according to [28] (Figure 11). Based on calculated WQI
values, the reverse interpolation approach (IDW) was used to
create the spatial distribution of the water quality index map
(Figure 12). Because it illustrates the spatial distribution as an
index value for water quality, this map made it easy for
decision-makers to evaluate water for drinking purposes over
wide areas. It has been observed that the WQI for all water
samples is within the second category (50-100) except sample
2 and 8 is just below the second category (<50). This indicated
that the water in Habbaniya Lake is good for drinking
purposes, and towards the center of the lake, the water
becomes excellent.
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4. Conclusions

The WQI was utilized to total differing parameters and
their measurements into a solitary score, showing an image of
the water nature of Habbaniya Lake. To evaluate the nature of
water quality in Habbaniya Lake for human utilization in an
exact way, the human utilization WQI was made in the form
of a map. This map gives a clear picture of the water quality
distribution. The WQI for all samples in Habbaniya Lake is
(50-100) and indicate that all water samples are good water
for human drinking, except (S 5 and S 8), its value is just
below the second category (<50), which mean that the water
samples are excellent water for human drinking. The spatial
distribution of WQI mapping was completed utilizing GIS.
The spatial distribution of water quality is depicted on this
map as the index value. Hence it is providing a clear and
comprehensive view and shows the outcome that portrays the
state of the water in the Habbaniya Lake. Because of the
short-scope of WQI, the water quality of Habbaniya Lake has
been considered as convergent water quality that fluctuated
from excellent water to good water for human drinking.
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