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Abstract: Safwan-Zubair area is located in southwest of Basrah Province, South of Traq. This area is located
between longitude line [47°35°-47°557] and latitude line [30°00°-30°3(0’]. The main source for irrigation and
domestic purposes 1n the study area 1s groundwater. The upper aquifer of Dibdibba formation represents the
main aquifer m Safwan-Zubair area. The main object of this research 1s to evaluate the water quality for drinking
and agricultural purposes through physical and chemical analysis (Temperature, pH, EC, TDS, CI, Na', K', Ca",
Mg, HCOy, 80,7 Fe', Total Alkalinity (TA), Total Hardness (TH) ) using Groundwater Quality Index (GWQI),
Sodium Adsorption Ratio (SAR) and percentage of sodium 1on (Na%) during the wet season (2018). Based on
SAR values, the groundwater types ranged from first class (excellent) to the second class (good). Na% values
ranged from 37.29-60.54%, according to this range, it is found that the groundwater type ranged from good to
doubtful class. According to GWQI, the groundwater quality lies under unsuitable class. The general trend of
directional distribution of Na* concentration 1s from the northwest to the southeast in other words with align
of the Shatt Al-Basrah Canal (drainage canal), there 1s a clear effect of the canal on the adjacent areas lead to
increase the concentration of Na'. The groundwater flow direction has a great effect on the quality of
groundwater along with the direction of groundwater path lines towards the Arabian Gulf near Um Qasr.

Key words: Safwan-Zubair area, groundwater quality index, sodium adsorption ratio, GIS, natural neighbor
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INTRODUCTION

Study of water resources quantity and its quality 1s
a basic necessity in recent times where it’s considered as
economic and vital resources. Based on the basic quality,
water 1s used In various sectors sense, agriculture, energy
and industry. Therefore, a person should be mterested in
collecting basic information on the quality and quantity of
water resources for its suitable usage and management.
The mcreasing demand of water due to population growth
and development of industrial and agricultural activities
has led to increase the usage of groundwater compared
with surface water sources, resulting in the depletion of
groundwater. Groundwater quality 1s usually characterized
by different physical-chemical properties. These
parameters vary widely because of different types of
pollution, seasonal fluctuations, groundwater extraction
and so forth. Groundwater momtoring 1s therefore
mandatory in order to reduce groundwater pollution and
control pollution factors (Deshmukh and Aher, 2016).

Water Quality Index (WQI) is beneficial for
discovering the appropriateness of water for a variety of
usages such as urigation and domestic use. It 13 used to
bind a set of physical and chemical parameters on a scale
and merge them into a single number (Yisa and Timoh,

2010; Lescesen et al., 2015). WQI is determine the general
state of water quality at a given time and place. WQI was
wmvented by Brown et al (1970) and progress by
Deininger for the Scottish Development Department.

Groundwater Water Quality Index (GWQI) was
developed in the previous lterature by various
researchers. Backman et af (1998) provided an

indicator for assessing and studymg the degree of
groundwater pollution and its applicability in south-
west Finland and Central Slovakia. Nives (1999)
presented the WQI both for surface waters and
groundwater and its application for water assessment in
Dalmatia, Croatia. Soltan (1999) provided WQI to study
the groundwater quality by 10 wells located near the
Dakhla Oasis in Egypt Various studies such as
Stigter et al. (2006a, by), Babiker et al. (2007), Rivard et al.
(2008) and Kim (2009) have been conducted on a regional
scale 1 relation to the quality and quantity of
groundwater. Ishaku et al (2012) presented study for
assessment ground water quality using water quality
index and GIS in Jada, north eastern Nigeria. (Kumari and
Rani, 2014) have been presented study for determimng of
GWOQI and correlation analysis of groundwater of
Smalkhan Tehsil, Panipat District, Haryana India. The
results of this study reveal that highly industrial zone and
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Fig. 1: Location of study area in reference to the map of Basrah Province

anthropogenic activities lead to pollution of natural
resources. The Averaged Water Quality Index (AWQI)
was used by Shahid and Igbal (2016) the study evaluated
the groundwater physicochemical parameters (turbidity,
pH, total dissolved solids, hardness, chlorides, alkalimty
and calcium) for three years. The methodology of this
research could be adopted in other mega cities as well to
monitor groundwater quality.

The aim of this research is to evaluate the water
quality for drinking and agricultural purposes  at Safwan-
Zubair area, Southwest of Basrah Province, through
physical and chemical analysis using GWQI during the
wet season (2018). The Sodium Adsorption Ratio (SAR)
and Na™% are calculated in for mvestigating the suitability
of studied groundwater for irrigation purposes.

Description of the study area: Safwan-Zubair area 1s
located 1 Southwest of Basrah Province, Southern Iraq.
This area is located between longitude line [47°35°-47°557]
and latitude line [30°00°-30°30’] the studies area is about
2009 km?® as shown in Fig. 1. Rainfall usually starts

through October till May. During the summer season, air
temperature rises up to above 45°C, so, Basrah Province
is one of the hottest cities on the planet (Al-Aboodi 2016).
This area constitutes the southern part of the Iraq desert,
an arid region with scarce and limited resources. There is
no surface water in the area and the only drainage canal
is the Shat Al-Basrah Canal, groundwater is a major
natural resource in this area. Groundwater is used in
Safwan-Zubair area for industrial and agricultural
purposes where this area 1s considered to be the most
important areas of Basrah Province, many farms and
factories are spread in this area. The upper part of
Dibdibba formation represents the most important acquifer
in the study area which is mainly composed of sand and
gravel with some cementing materials such as silt and
clay.

MATERIALS AND METHODS

Six sites were selected to collect groundwater
samples m Safwan-Zubair area (Zubair, Safwan, Shuaiba,
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Barjesiyah, Khor Al Zubair and Um Qasr) during the wet
season (2018) as shown in Fig. 1. Groundwater sample is
collected by plastic bottle where it 1s fully filled and
placed mn a refrigerated box until it 18 transferred to the
laboratory. Transparent and dark winkler bottles of
250-300 ml are used to collect water samples with
avolding any air bubbles. Each container 1s marked with
a name and date of sampling. The locations of the
different water samples were determined using GPS. Field
parameters such as temperature, pH, EC and TDS were
determined in the field using digital conductivity meter,
temperature (digital thermometer), HANNA pH meter
(Model HI 28129) for determining pH (HM digital EC/TDS
Hydrotester COM-80) for EC and TDS. All chemical
analysis was carried out according to the standard
method by APHA and guide manual: water and waste
water analysis (CPCB). The methodologies adopted for
determination of physicochemical parameters of the
collected samples as shown in Table 1.

The overall water quality data of Safwan-Zubair were
compared with the World Health Organization (WHO)
guidelines for drinking water (2011) as well as the
aquatic life standards adopted by CCME as shown

Table 1: Water quality parameters and their associated units and analytical
method used

Variables/units

Temperature (°C)

Analvtical method
Digital thermometer

pH unit pH meter

EC (u8/cm) Electrometric

TDS (mg/L) Electrometric

Cl- (mg/L.) Titrirnetric

Na* (mg/L) Flame photometer
K * (mg/l.) Flame photometer
Ca* (mg/L) Titrimetric

Me* (mg/L) Titrimetric

HCOy (mg/1) Spectrophotormetric
S04? (mg/L) Spectrophotometric
Fe' (mg/L) Spectrophotometric
TA (mg/1.) Titrirnetric

TH (mg/L) Titrimetric

PO (mgl.) Spectrophotormetric

in Table 2. Tt is important to determine the concentration
of sodium in irrigation water when using this water for
irrigation purposes; It has a direct nfluence on soil
structure and plant growth. There are two parameters that
give a clear indication of sodium concentration and its
effect on soil structure and plant growth (Sodium
Adsorption Ratio “SAR” and Na%) SAR 1s calculated as
follows (cations expressed as meq/L:

Na'
SAR = ————
(1)

’ca+2 Mg
2

Most of the specifications for the suitability of water
for imigation purposes confirmed that the ratio of Na”
should not exceed 60 m order to avoid its deleterious
influence on soil. Percentage of Na' can be determined
using the following formula (Cations expressed as meqg/L):

N
—® 2100 (2)
Ca+Mg+K+Na

Na% =
GWQI is the most efficient ways to provide

information on water quality to comnsumers and
decision-makers. By this method, the user has a clear
perception for the quality of groundwater and for various
uses, also; the combined effect of water quality
parameters can be summed in single quality index called
WQIL (Sahu and Sikdar, 2008). Thirteen physical and
chemical parameters (pH, TDS, EC, K, Ca, Mg, Cl, Na, Fe,
HCO,, 30,, TA nad TH) were selected according to their
importance in water quality as illustrated in Table 3. GWQI
is calculated in the study area by following steps:
According to the effect of each chemical parameter
on the health and quality of drinking water is determined

1ts weight (w1) as shown n Table 3. The top weight was

Table 2: Water quality parameters values of groundwater in the study area and comparative guidelines

D8 (mean+8D)

Drinking water Aquatic life

Variables Zubair Safwan Shuaiba Barjesiyah Um Qasr Khor Al-Zubair  WHO (2011)  CCME (2007)
Temperature 19+1.2 19+1.4 18+1.6 19+1.9 18+1.3 18+1.5 - -

pH 7.8£0.35 7.87+0.37 8.0+0.39 7.78+0.28 8+0.33 8.1+0.30 6.5-8.5 6.5-9
EC (u8/cm) 6180+74.2 1662041042 142004975 91 60+63.5 11360+76.1 8770+55.9 - -
TDS (mg/L.) 4079+43 4 10969+76.5 9372+61.5 6046+34.5 7498+45.7 5788+43.2 1000

Cl- (mg/L.) 1228.8+23.2 1100+19.5 1372.2454 1343.4424.2 1956.8+28.6 1328.7+27.6 250 120°
Na* (ing/L) 905+86.3 1103+£59.3 860+54.3 832+41.5 956+47.3 928+40.3 200

K* (mg/L) 32.542.1 52+4.3 36427 33423 4043.8 3043.6 -

Ca* (mg/L) 3644204 2661295 228+21.5 3074234 553+17.4 2134+21.3

Mg* (mg/ll)  2349.0 760£12.4 614124 267£10.2 131466 178£8.0

HCO; (mg/L) 146+£29.4 124+18.9 127£26.5 63+14.3 81+13.8 168+20.9 -

S0,? (mg/L) 24024342 2445436.7 2350412.5 2288+38.2 34504358 3046+37.3 500

Fe' (mg/L) 0.06+0.001 0.074+0.0012 0.172+0.001 0.09+0.001 0.01+0.0008 0.014+0.001 -

TA (mg/1.) 146+17.2 124+15.8 127+13.4 63+8.6 81+11.3 168+18.6 -

TH {mg/L) 598+34.7 1026+39.7 842+29.3 664+26.5 684+27.8 611+26.0 500

*Significant values
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Table 3: Weight and relative weight of physical and chemical parameters
(Ravikumar et . 2013)

BIS., desirable Relative

Parameters lirnit (Sibson, 1981) Weight (W) weight (W)
pH 8.5 3 0.0857
EC (uS/cn) 2000 3 0.0857
TDS (mg/L) 1000 5 0.1429
Cl (mg/L) 250 3 0.0857
Na* (mg/L) 100 3 0.0857
K * (mg/L) 10 2 0.0571
Ca* (mg/L) 75 2 0.0571
Mg* (me/L) 30 2 0.0571
HCOy (mg/L) 200 2 0.0571
80,2 (mg/L) 200 3 0.0857
Fe' (mg/L) 0.3 2 0.0571
TA (mg/L) 200 2 0.0571
TH (mg/L) 300 3 0.0857

- TW,; =35 LW =1

set to 5 for parameters have significant effects on water
quality such as (TDS). The low weight of the chemical
parameter indicates its small effect on water quality such
as (Mg, Ca, K and TA). The relative Weight (W1i) is
calculated by using Eq. 3. The (q1) 1s determined by using
Eq. 4, through dividing the concentration of each
parameter on its standard value based on the guidelines
laid down by BIS (Sibon). Sii (the quality sub-index for
the parameter) is determined by multiplying the relative
weight of the parameter by its (qi) using Eq. 5. GWQI is
determined by summing all over quality sub-index for
each parameter using Eq. 3:

W= — 3)

Where:

W, = Relative weight

w, = Chemical parameter weight
n = Parameter number

q _[ﬂ}loo )

Where:

g = Quality rating

V., = Actual value of nth parameter

V, = Parameter ideal value (V; =0, except for pH (V,=7)
V. = Indian drinking water standard (BIS., 1998)

SL =W, (5)
where, S1, sub-index of ith parameter:

WQI=Y" S (6)

GPS was used to specify the location of point
sampling site and the results of (GWQL, SAR and Na%)
were mserted in GIS environment for further analysis. The

map showing spatial distribution of quality parameters
was scanned and imported into Arc GIS Version 10.3, the
scanned map with other geographical data need to be
referenced. This means that every pixel m the scanned
image gets a new dimension. The different locations
of the sampling points were imported into GIS
software through pomnt layer for creating a vector pomnt
layer using coordinates data stored mn an excel sheet. The
geo-database was used to generate the spatial
distribution maps of (GWQI, SAR and Na%). The natural
neighbor method which developed by Sibson (1981) 1s
used for spatial mterpolation of (GWQL, SAR and Na%).
Voronoi tessellation of a discrete set of spatial points is
used in this method. Tt has features that go beyond
simpler mterpolation methods such as the closest
interpolation in that 1t provides a smoother approximation
of the “real” function. The basic interpolation equation in
two dimensions as follows:

G(X’y) - Zrzlwif(xi’ yi) (7)
Where:
G (%, y) = The estimated function at (x, v,
W, = The weights

F (x;, y) = The known functicns at (x, y;)

The weights were calculated by determining the
amount of “stolen” of each of the swrrounding areas when
mserting (x, y) into the tessellation. Directional
distribution method (standard direction ellipse) 1s used in
this research, this is a common way of measuring the
direction of a set of points or regions, it’s determined the
standard distance separately m the x and y directions.
These measurements determine elliptical axes that include
the distribution of features. The ellipse axes are
determined by calculating the standard deviation of the
axes towards x and y direction from the mean center. This
shape provides if the distribution of features 1s extended
and then has a specific orientation. The standard
deviations for the x-axis and y-axis are:

o - JZ?_l(f(l cos6-¥, sinB)2
i (8)

JZ?_I(EI sin6-§, cos 8)2
G =
¥

n

where, % and % are the deviations of the xy-coordinates
from the mean center:

tan0 = 2B (9)
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A= (Ellilz_zllylz )
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C=23 %3,

RESULTS AND DISCUSSION

The chemical analyses of the groundwater in the
study area were compared with WHO guidelines for
drinking water (2011) in addition to aquatic life criteria
endorsed by CCME. Normal statistics of water quality
parameters of 60 groundwater samples distributed over
the study area are presented in Table 2. The allowable
value of pH n natural water 1s usually between 6.5 and 9
as described in the WHO (2011) in addition to the aquatic
life standards approved by CCME. There is a close
relationship between pH and water solubility as well as
chemical form nad it has a direct effect on aquatic life
activities. All studied samples placed in the acceptable
range, the pH values range from 7.78-8.1.

TDS concentration is another expression that refers
to ions in water. The value of TDS increases in water as
the concentration of ions increases such as (C1, Na', K 7,
Ca' Mg", HCO,, SO,%). The study area had very high
values of electrical conductivity and TDS. The
concentration of TDS varied from 4079 mg/1. in Zubair to
10969 mg/1. in Safwan while the EC values ranged from
6180 (uS/em) in Zubair area to 16620 (uS/cm) in Safwan
area. There is a direct relationship between the TDS and
EC in the study area. Very high TDS compared to
standard limit of 1000 mg/. may be due to high
concentrations of cations and anions.The maximum
concentration of Cl' measured 1956 mg/L in Um Qasr and
minimum concentration is 1100 mg/L. in Safwan. The main
reason of its existence in such high concentration is the
agricultural activity caused by the high manure of organic
remaining or results from sea water invasion to the coastal
areas (Todd, 1980) this reason is confirm with situation of
Um Qasr area which it’s coastal area. The concentration
of sodium ranged from 832 mg/L. in Barjesiyah to 1103 in
Safwan. High concentrations of Na' are due to the
deposition of the Dibdibba sandstone from the igneous
rocks in the Arabian Shield which is transferred to a
sedimentary basin containing a large amount of sodium
(Sadik, 1977). The maximum and minimum value of K' is 52
mg/T., 32.5 mg/. in Safwan and Zubair, respectively, the
low concentration of potassium in the study area is due to
the high ability of soil glue to fix these ions. Tt also,
indicates a weak access to groundwater when it’s added
as fertilizer (Spalding and FHxner, 1980). The
concentration of Ca' ranged from 213 mg/L. in Khor Al
Zubair to 553 mg/1. in Um Qasr, the calcite and gypsum

minerals areconsidered to be the main sources of this ion
in Dibdibba formation. The maximum and minimum value
of Mg" is 760 and 131 mg/L. in Safwan and Um Qasr,
respectively, the geochemical behavior of this ion 1s
similar to calcium behavior (Davis and DeWiest, 1966).
The concentration of HCO;™ 1s varied from 63 mg/L in
Barjesiyah to 168 mg/l. in Khor Al Zubair, the high
concentration of calcium and magnesium leads to the
deposition of this ion. The maximum concentration of
80,7 in the study area is 2459 mg/L in Um Qasr and
minimum concentration 1s 2288 mg/L. in Barjesiyah, the
presence of this 1on with such high concentration 1s due
to the presence of gypsum in a large amount in the
Dibdibba formation. The concentration of Fe* was found
to be low in different six sampling sites. Hardness in all
sampling sites exceeded the permissible limit that
endorsed by WHO (2011).

Table 4 which illustrated the suitability of water for
serve irrigation purposes depending on SAR values.
Table 5 is shown the SAR value in the study area, based
on this classification, SAR values ranged from first class
{excellent) to the second class (good). Figure 2 shows the
distribution of SAR over the study area.

Na% values ranged from 37.29-60.54% as shown
Table 6, based on the comparison with Table 7, it is found
that the type of groundwater ranged from good to
doubtful class. Figure 3 shows the distribution of Na%
over the study area.

According to the groundwater quality parameters,
GWQL was determined for each sampling location as
shown in Table 8. GWQI is categorized according to the
scale adopted by Ramakrishnaiah et al. (2009) and
Mohanty (2004) as illustrated in Table 9. The groundwater
quality of studied area falls under unsuitable class (Fig. 4).
Directional distribution method (standard direction
ellipse) is used in this study. This shape provides if the

Table 4: Suggested limits of SAR for irigation purposes (Ravikumar et /.
2013)

Grade Excellent Good Fair Poor

SAR 0-10 10-18 18-26 =26

Table 5: SAR values of Safwan-Zubair area during wet season
SAR Zubair Safwan Shuaiba Barjesivah Um Qasr  Khor Al-Zubair
9.09 1.79 6.72 7.91 9.48 11.34

Table 6: Na% values of studv area

Na%
Zubair Safivan  Shuaiba  Barjesivah  Um Qasr  Khor Al-Zubair
50.68 38.32 37.29 45.88 51.29 60.54

Table 7: Water class based on Na* percentage ratio (Wilcox 1995)
Class  BExcellent  Good Permissible Doubtfil  Unsuitable
Na% <20 20-40 40-60 60-80 =80

Table 8: GWOI values of study area
GWOQI Zubair Safwan Shuaiba Barjesivah Um Qasr Khor Al-Zubair
429.42 70249 611.80 469.76 573.09 481.37
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Table 9: Water quality scale

WOQI (Yisa and WOQI (Yogendra
Water quality Jimoh, 2010) and puttaiah)
Excellent <50 <50
Good 50-100 50-100
Poor 100-200 100-200
Very poor 200-300 200-300
Unsuitable =300 =300

distribution of features 1s extended and then has a specific
orientation (Fig. 2-4 for directional distribution of SAR,
Na% and GQWTI, respectively). Through Fig. 2 and 3, the
general trend of directional distribution of Na'
concentration is from the northwest to the southeast in
other words with align of the Shatt Al-Basrah Canal
(drainage canal) there is a clear effect of the canal on the
adjacent areas lead to increase the concentration of Na™.
The groundwater flow direction in the studied area
has a clear effect on the deterioration of the quality
along with the direction of
groundwater path lines towards the Arabian Gulf near Um

Qasr (Fig. 4).

of groundwater

CONCLUSION

PH values m the study area ranged from 7.78-8.1,
according to these values, all sampling sites lie under the
acceptable range. The minimum concentration of TDS
(4079 mg/L ) n Zubair, the maximum concentration of TDS

(10969 mg/1.) in Safwan while the EC values ranged from
6180 (uS/em) m Zubair area to 16620 (uS/cm) in Safwan
area. According to SAR classification, the values of SAR
varied from first class (excellent) to the second class
(good). Na% values ranged from 37.29-60.54%, it is found
that the type of groundwater ranged from good to
doubtful class. The groundwater quality of studied area
based on groundwater quality index lies under unsuitable
class. Based on the directional distribution method
(standard direction ellipse), the general trend of
directional distribution of Na” concentration is from the
northwest to the southeast in other words with align of
the Shatt Al-Basrah Canal (drainage canal), there is a clear
effect of the canal on the adjacent areas lead to increase
the concentration of Na’. The groundwater flow direction
(from the Northwest to the Southeast) has a clear effect
on the deterioration of the quality of groundwater along
with the direction of groundwater path lines towards the
Arabian Gulf near Um Qasr.
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