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Abstract
In many parts of the world, groundwater quality is decreasing due to urbanization industrialization and use of agricultures 
in rural areas. This subject has formed an urgent need to determine the suitability of groundwater for various purposes. The 
aim of this study is to determine a groundwater index for groundwater use for irrigation in agriculture. The study is carried 
out in an agricultural area; near Al Kufa city, North of Al Najaf province, Iraq. Many chemical variables are used in this 
model, including (total dissolved solids TDS, electrical conductivity EC, sodium Na, potassium K and iron Fe), in addition 
to some of the heavy metals (cadmium Cd, lead Pb, chromium Cr, and nickel Ni), that also added to the index. The weight’s 
parameters are determined using analytical hierarchy process (AHP) and classified into five groups based on the human health 
significance of these parameters and negative effect on agriculture. The result of this study indicates that the water quality 
index (WQI) records values between (0 and 4.33), and in which the value of (2.16) represents the limit between unpolluted 
and polluted groundwater. This study confirms that all groundwater samples over the study area are suitable for agriculture. 
The final WQI values are exported to ArcMap environment to prepare the final WQI maps of study area.

Keywords Groundwater · Water quality · Spatial analysis · Water pollution

Introduction

The deficiency of fresh resources has become  a criti-
cal apprehension worldwide. Physical and chemical param-
eters play significant characteristics in assessing the water 
quality. However, studying these parameters on an individ-
ual basis doesn’t clearly outline water quality (Orozco et al. 
2017). In any case, the parameters must meet pre-established 
standards for water use in a particular region or country, 
otherwise, treatment before use is required if the water does 
not meet the standards (Orozco et al. 2017). Geochemical 
studies of groundwater provide a better understanding of 
possible changes in quality (Bouderbala 2017). Such studies 
integrate a set of physical and chemical variables to develop 
a WQI, where a single number which represents the level of 
water quality, derives from a large number of water param-
eters (Patrick and William 2013). This process makes the 
results more easily and rapidly understood for decision mak-
ers to evaluate the quality and potential risk of a given water 
body, based on various parameters (Tyagi et al. 2013). It 
also assists in holding the comparison between various sam-
pling sites and/or events (Alobaidy et al. 2010). The quality 
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of the irrigation water has to be evaluated to avoid or, at 
least, to minimize negative impacts on agriculture (Hussain 
et al. 2014). WQI is considered a numerical or mathemati-
cal method that gives the public a general idea for the quality 
of groundwater in the arid and semi-arid regions (Alobaidy 
et al. 2010; Ramakrishnaiah et al. 2009). Using the WQI 
methodology makes of reduce the cost and time necessary 
to drill the wells for agriculture purposes within the area of 
high pollution in groundwater, so that delineate the good 
areas of groundwater to expand the human populations and 
establish others in the areas non inhabited, in addition to 
limit the polluted areas for healthy embedding. Attempts 
to develop water related indicators are not new. Since early 
1960s, efforts have been underway to develop a meaningful 
set of indicators and indices for water resources. The evalu-
ation of water quality is related to soil problems, which is 
interrelated to salinity, toxicity, water infiltration rate, and 
other miscellaneous problems. The groundwater quality 
refers to the characteristics of a water source, which will 
influence its suitability for a specific use. Consequently, the 
number of physic al and chemical parameters which define 
the groundwater qualities that are to be monitored for proper 
assessment of groundwater quality (Hussain et al. 2012). 
Initially, the general WQI has been developed by Brown 
et al. (1970) which were based on weights to individual 
parameter (Brown et al. 1970). McClelland (1974) applied 
the geometric mean form of weighting to the WQI. McClel-
land was concerned that the arithmetic mean less sensitivity 
to low variable value (McClelland 1974). Recently, many 
modifications were considered for WQI model through 
various researchers and experts (Tyagi et al. 2013; Gautam 
et al. 2013; Tiwari 2014; Thakur et al. 2015; Rawat et al. 
2017). The present study applied the index of aquifer water 
quality suggested by (Melloul and Collin 1998), which it 
was initially used the chloride (Cl) and nitrate  (NO3) for 
assessing the groundwater vulnerability to potential pollu-
tion. However, the index map did not adequately address the 
implicit pollution of ground water for agriculture purpose 
by taking only two parameters. Therefore, the modifications 
were made in the original framework of Melloul and Col-
lin index and their procedure was developed to involve the 
weights assigned and their relative importance parameters 
as per their analytical hierarchy in violating the (irrigation 
water) standards and not as an arbitrary means (as taken by 
Melloul and Collin). The WQIs were integrated using the 
geographical information system (GIS) to generate variabil-
ity thematic maps through ArcGIS software. The WQI and 
GIS showed a great potential in the assessment of water for 
multi-purpose usage. The WQI and GIS are excellent tools 
for summarizing overall water quality conditions over space 
and time. When used together, they are also a method of 
providing relevant information for specific water use that can 
be more readable for planners and managers. The objective 

of the present work is to assess the groundwater quality for 
irrigation usage based on computed WQI and to prepare the 
final WQI maps using GIS spatial distribution tools.

The hydrogeology of the study area

The study area represents a rural region for Al Najaf prov-
ince, about 170 km south of Baghdad. The geological forma-
tion of study area (Dibdibba formation) is composed from 
sequences of clay stone, siltstone, sandstone with silt layers 
of chalky limestone (Al Azawi 2009). Study area is located 
in the west of Euphrates River (32°10′–32°40′ North lati-
tude and 44°21′–44°25′ East longitude) with a total area of 
~22.6 km2. The study area is initially selected using the sat-
ellite image in the map grid of Iraq and displayed using Arc-
Map 10.5 on GIS environment (Fig. 1). In the area of study, 
Shatt Al-Kufa (Kufa River) is the major supply of water 
needed for drinking, irrigation, industry and other applica-
tions. This river shows decreasing quantity and quality of 
water because of the rapid growth of industrial, agricultural 
and municipal activities. Groundwater is another important 
source of water in this area especially for irrigation. In the 
last few years, farmers started to dig wells in many areas to 
use them for agriculture; many vegetables are now produced 
in considerable amount by using groundwater. The ground-
water flow is affected for Al Dibdibba aquifer, mainly by 
the permeability and high density of horizontal fractures in 
rock, which are in touch with the groundwater and by the 
hydraulic gradient (Al Azawi 2009).

The study area represents the extreme eastern part of Al 
Dibdibba aquifer, which is one of the most important aqui-
fers in Iraqi western desert area. This region is characterized 
by its lack of surface water and low annual rainfall, which 
does not exceed 100 mm per year (Al-Ansari 2013). In addi-
tion, the potential rate of evaporation in the desert is several 
times greater than the average rainfall. Many studies con-
clude that the source of most of Dibdibba water comes from 
an old period that associated with or followed by the deposi-
tion Dibdibba aquifer while the direction of the groundwater 
flow is from southwest to the north east of the study area 
(Al-Kubaisi et al. 2018).

Methodology

Sampling and physiochemical parameters

Twelve sites with triplicate groundwater samples from each 
site were collected from different wells distributed all over 
the study area during 2016 (Fig. 1). Sample size is calcu-
lated using the random sampling method under global con-
ditions mentioned in (USEPA 2002), this method is easy to 
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understand, and the equations for determining sample size 
are relatively straightforward. Random sampling method was 
chosen her due to the aquifer in the area of study is rela-
tively homogeneous and no major patterns of contamination 
or “hot spots” are expected U.S. Environmental Protection 
Agency (2002).

The samples were collected from the first unconfined 
aquifer in the study area by shallow hand pumps and open 
wells falling. The locations of these wells were chosen to 
be near the agriculture areas. This method is applicable on 
pumping wells only with no need for observation wells; 
however, some of observation wells were far away from the 
pumping well, this observation wells usually used to observe 
fluctuation of ground water levels. The water samples 
were collected immediately after purging. All information 

concerning the samples was noted on the well sampling 
forms. All sample bottles were filled completely but (not 
allowed to overflow), capped, labeled, and the sealed sam-
ple containers were put into containers packed with ice and 
transported to analytical laboratory. Proper preservation, 
wherever needed, was done to ensure that the water quality 
of the sample did not change between the time of its col-
lection (in the field) and the time of analysis in the labora-
tory. The top of the aquifer is expected to be the first to get 
affected, for any surface pollution, and therefore, is neces-
sary to study its efficiency for groundwater pollution (Hus-
sain et al. 2012). For different water quality indices, various 
variables may be selected according to the importance of 
the parameters and availability of data. In this study, we 
selected parameters according to availability of data and the 

Fig. 1  Location map of the study area with sampling sites. a Iraq map. b Study area extracted from satellite image. c Sampling sites
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desired criteria pollutants. Physical parameters such as total 
dissolved solids TDS, electrical conductivity EC, sodium 
Na, potassium K, iron Fe, cadmium Cd, lead Pb, chromium 
Cr, and nickel Ni) are selected to be involved in the index. 
The strategy of this study includes classifying these param-
eters into five groups based on the human health importance 
of these parameters and negative effect of them on plants 
(Table 1).

The first group is relatively considered the most impor-
tant one and involved two heavy metals (Pb, Cd), which 
has been identified as a higher risk to human health (Pat-
rick and Chioma 2017). Whereas the last group includes 
the least important (K, Na) based on available reports and 
references (Hussain et al. 2012; Saeedi et al. 2009). TDS 
and EC were measured in the field by a conductivity meter. 
In the measurement of cations,  Na+ and  K+ were scaled 
using method 3500-K B, “flame photometric method” 
while method 3030 E, “acid digestion and analysis by flame 
atomic absorption spectrometry” was used for heavy met-
als analysis; The constituents selected analytical and proce-
dures followed have been described in “standard methods 

for examination of water and waste water” (APHA, AWWA 
and WEF 1998). Summary of the physiochemical measure-
ment of the groundwater samples presented in Table 2. Nine 
water quality parameters were selected to be included in 
the WQI. Even though many other water quality parameters 
aren’t included in the index, a water index based on some 
very important parameters can provide a simple indicator of 
water quality. The index presented here is not specifically 
aimed at human health or aquatic life regulations, it gives 
the public a general idea of the possible problems with the 
water in the region.

Transformation of raw data into rating values (Y)

To relate data to global norms, each value of a field data 
parameter (Pij) is related to its desired standard value (Pid) as 
mentioned in (Hussain et al. 2012; Melloul and Collin 1998; 
Fipps 1996, Malik et al. 2014). The expected frequency (Xij) 
can be calculated by dividing these values and can be esti-
mated as:

Table 1  Classification of water quality parameters on the basis of human health significance and negative effect on plants

Parameters Group Irrigation 
standard (Fipps 
1996)

Water quality criteria

Cd 1 0.01 ppm Strongly poisonous to the metabolic activities (Sethy and Ghosh 2013)
Biologically, Cd is a nonessential, non beneficial element recognized to be of high toxic potential
It is deposited and accumulated in various body tissues
Toxic to human when ingested or inhaled. It is stored largely in the kidneys and liver and is excreted at an 

extremely slow rate (Hussain et al. 2012)
Cause injury in any metabolism process such as seed germination and plant development. The redox 

metal can generate oxidative damages (Janadeleh et al. 2015)
Pb 5.00 ppm It is a toxic metal that tends to accumulate in the tissues of human

may accumulate in plant tissues and prejudice food security (Iwuanyanwu and Chioma 2017)
It can inhibit plant cell growth at very high concentrations (Fipps 1996)
Cause losses in crop production and risks for human health.

Cr II 0.10 ppm The major effects of Cr on seeds are manifested by overall abnormalities and decrease in germination, 
reduced root and shoot elongation (Iwuanyanwu and Chioma 2017)

Ni 0.20 ppm It is potential to become toxic in bioavailable forms at excessive levels (Sethy and Ghosh 2013)
Fe III 5.00 ppm Not toxic to plants in aerated soils, but can contribute to soil acidification and loss of essential phospho-

rus The use for long time of irrigation water with high Fe values can be reduced of production quality 
due to its deposition on leaf and/or fruit (Hussain 2004)

TDS IV 1500 ppm These is not generally considered a primary pollutant (e.g., it is not deemed to be associated with health 
effects)—referred to as specific conductance (EC) or salinity

EC 2000 µs/cm High EC water is not a common problem. However, high EC may occur in water from containment ponds 
rich in fertilizer residues, certain wastewaters used for irrigation

Na V 200 ppm High sodium acts to inhibit plant uptake of calcium and magnesium from the media. Higher levels of Na 
may be tolerated depending on crop sensitivity, may contribute to raising the soluble salts (EC) level of 
the growing medium or may inhibit water uptake by plants. Plant problems include injury from excess 
soluble salts, growth reduction, and increased susceptibility to disease (Centre of agriculture, food and 
environment)

K 50 ppm There are no direct effects on the human health. These plant nutrients generally occur in water at very low 
levels. Presence in irrigation water at levels higher than a few parts per million may indicate the pres-
ence of pollution from fertilizers or other contaminants (Centre of agriculture, food and environment)
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where the Pij is the parameter value, and Pid is the standard 
value of each parameter.

The corresponding rating or the relative pollution level 
Yi can be estimated for any value of Xi by the following 
equation:

According to Melloul and Collin (1998), the matrix of 
pair-wise comparisons is constructed from i × j elements, 
where i and j are the number of criteria (n).

The index value of Yi is taken in a scale range from 1 to 
10 and it corresponds to Xij, as follows:

• When the value of Xij is equal to 0·1, the corresponding 
Yi would be around 1; and the water quality is classified 
as “good”.

• When Xij is equal to 1 (the raw value of the parameter 
Pi is equal to its standard desired value (Pij = Pid), the 
corresponding Yi would be 5; and water quality will be 
“acceptable”.

• If Xij is equal to or higher than 3.5 (standard desired 
value), the corresponding index value of Yi would be 10 
and groundwater quality becomes “unacceptable”.

After all pair-wise comparison, matrices are formed, each 
criterion (parameter) is assigned a weight (wi).

Evaluating weight of criteria by AHP approach

AHP approach through expert choice v.11 program was 
applied to evaluate the weight of criteria (wi). While the 
comparisons between each criterion are made using the 

(1)Xij = Pij∕Pid,

(2)Yi = −0.712X2
i
+ 5.228Xi + 0.484.

measurement scale of Satty (Tiwari et al. (2014)) which 
gives numerical values between 1 and 9 depending on the 
relative importance of the criterion (Table 3).

The wi is given value within a range between 0 and 5 
on the basis of the human health significance and negative 
effect on plants (Table 1). This procedure is known as a 
synthesis judgment. The weight is a numerical value given 
to the parameters to characterize its relative anticipated 
pollutant impact. Lower numerical values define lower 
pollution potential and vice versa. After assigning weight 
to each criterion, the eigenvalue is normalized to obtain 
the priority vector (pollution impact) or relative unit vec-
tor. The highest priority vector is given a weight 5 (due 
to the need of rescaling as per the 0–5 scale of WQI). 
Calculation of unit weight (Wn) for various water quality 
parameters is proportional to the maximum values for this 
corresponding parameter and weights of the other chemi-
cal parameters are deduced accordingly.

Table 2  Chemical measurement 
for nine parameters of 
groundwater samples

The maximum well depth is 25 m, while the maximum well depth to water in Dibdibba aquifer is 50 m

Code Longitude Latitude Cd Pb Cr Ni Fe TDS Na K EC
ppm ppm ppm ppm ppm ppm ppm ppm µs/cm

S01 44.39000 32.02611 0.09 0.43 0.03 0.09 1.16 2400 523 212 4816
S02 44.38500 32.02500 0.09 0.69 0.04 0.15 3.93 2116 379 159 4232
S03 44.37990 32.02489 0.07 0.43 0.03 0.12 1.32 2522 523 283 5045
S04 44.38000 32.02670 0.08 0.16 0.04 0.02 0.10 2270 423 147 4540
S05 44.39609 32.02982 0.11 0.48 0.04 0.03 0.99 3630 869 408 7260
S06 44.38916 32.02173 0.07 0.21 0.04 0.04 0.20 2750 656 272 5500
S07 44.38360 32.01830 0.08 0.37 0.05 0.07 0.39 1864 281 82 3729
S08 44.36750 32.04891 0.07 0.35 0.05 0.04 0.06 2038 405 45 4077
S09 44.35687 32.04400 0.07 0.45 0.05 0.02 1.03 1948 421 135 3896
S10 44.36657 32.06000 0.07 0.53 0.06 0.00 0.06 1242 411 109 2484
S11 44.36750 32.04891 0.07 0.36 0.05 0.04 0.06 2042 410 50 4085
S12 44.37990 32.02489 0.08 0.45 0.03 0.13 1.35 2550 535 289 5050

Table 3  Pair-wise comparison in AHP preference (Satty 1980)

Definition Intensity of 
importance

Equally important 1
Moderately more important 3
Strongly more important 5
Very strongly more important 7
Extremely more important 9
Intermediate values 2, 4, 6, 8
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The formula of WQI

The basic WQI formula is expressed as the summation of 
weights multiplied by respective ratings of various param-
eters i for each cell j as following equation:

C = a constant, used to ensure the desired range of num-
bers (taken as 10), and it represents the highest extent of the 
variables, (n) is the number of variables used).

i = number of chemical parameters involved (i = 1, ..., n). 
This value is incorporated in the denominator to the average 
the data.

Wri is the relative value of (Wi/Wmax), where the Wi is 
a weight for any given parameter, and Wmax represents the 
maximum possible weight (taken as 5).

Yri is the value of Yi/Ymax, where the Yi is the rating as 
related to Xi (Eq. 2) and the Ymax is the maximum possible 
rating for any parameter (Ymax = 10).

The rating factor (Y) is an importing factor which is lead 
to calculate Yri that considered being the main key to cal-
culate the final Index.

Result and discussion

The statistical analyses of these elements are presented in 
Table 4. The analyses results of these elements (mean value 
per sampling point) were used as input data in ArcMap envi-
ronment. The coordinates of sampling points were integrated 
with the data for the generation of spatial distribution maps. 
The present study used the inverse distance weighted (IDW) 
method for spatial interpolation of groundwater parameters. 
IDW determines cell values using a liner-weighted combina-
tion set of sample points. The weight assigned is a function 
of the distance of an input point from the output cell loca-
tion. The greater the distance, the less influence the cell has 
on the output value. The analyzing based on elements con-
centration change in the groundwater from the low concen-
tration to high concentration, where this indicates that the 
presence of contamination points in that region. While the 
spatial distribution of the concentration of physico-chemical 

(3)WQI = C∕n(

n
∑

i=1

(Wri.Yri)).

elements EC, TDS, Na, k, Pb, Cd, Fe, Cr and Ni is shown in 
Fig. 2a–i, respectively.

Calculation of the parameter weights

As per the relative importance scheme in the AHP, the cri-
teria of the parameters are transferred as input values for the 
AHP matrix in Excel Software. The unit weights assigned 
to each parameter used for calculating the WQI is given in 
the Table 5. Estimation of ‘unit weight’ assigned to each 
parameter considered in the calculation. By assigning unit-
weights, all the concerned parameters of different units 
and dimensions are transformed to a common scale. WQI 
compared to simply using the water quality standard, basi-
cally, is a numeric expression used to convey information on 
the quality of given water wells in such a way that it easily 
understood by dissension maker. The index is a dimension-
less scale which aggregates several water quality parameters 
into a single value to make it understandable to the public 
in terms of its suitability to use (Patrick and William 2013; 
Tyagi et al. 2013). The Quality of groundwater can be vari-
able depending on weight value calculated by AHP. In this 
study the WQI is developed by assigning relative weights 
to each parameter ranging from 1 to 5 based on the adverse 
effect of the water quality parameter on human health that 
associated with effect of concentration of these parameters 
on growth of plants or render the crop unfit for human con-
sumption. As shown in Table 5, the maximum weight of (5) 
was assigned to both Pb and Cd on the basis of the higher 
effect elements (Table 1), on the other hand, the parameters 
such as TDS, K and Na had a minimum impact on the WQI 
and low weight value due to it is not deemed to be associated 
with health effects (even it has value above the irrigation 
standards).

Therefore, it is imperative to specifically consider rel-
evant parameters and standards depending upon the applica-
tion involved to develop an effective WQI.

Calculation of the final WQI

The final value of the index is computed according to Eq. 3 
as follows:

The (Xi) values are calculated for each parameter based 
upon Eq.  (1), which represents an important factor for 

Table 4  Statistical analyses for 
nine parameters of groundwater 
samples

Code Cd Pb Cr Ni Fe TDS Na K EC
ppm ppm ppm ppm ppm ppm ppm ppm µs/cm

Minimum 0.07 0.16 0.03 0.002 0.06 1242 281 45 2484
Maximum 0.11 0.69 0.06 0.15 3.93 3630 869 408 7260
Average 0.08 0.41 0.04 0.06 0.89 2281 486 183 4560
SD 0.01 0.14 0.01 0.05 1.09 579 154 112 1157
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Fig. 2  Spatial distribution for concentration of (a) EC, (b) TDS, (c) Na, (d) K, (e) Pb, (f) Cd, (g) Fe, (h) Cr, and (i) Ni for the study area
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corresponding rate or the relative pollution level Yi. Using 
Eq. (2), the (Yi) values are calculated.

The weight values Wi for each parameter are prepared 
based upon AHP, subsequently the Wri values are calculated 
by dividing the Wi value by (Wmax = 5). Whereas the values 
arrive at after summation of the nine values (Yri × Wri) 
using Eq. (3), they are multiplied by the value of (C/N) 
which is 1.11 (C = 10, N = 9). Where C is constant and equal 
to 10 due to the Yi values that are ranging from 1 to 10 and 

N refers to the element’s number which is 9. Table 6 shows 
the final index for WQI for irrigation purpose. The ground-
water classes and the range of index values according to five 
values of Yi exhibited in Table 7. These classes are relatively 
as comparably for one sample to others in study area and for 
all samples with irrigation standards. Because the standards 
enter in calculated of Xi values which in turn enter in cal-
culated of Yi which leads to calculated Yri and then in cal-
culating of index consequently. The current index classifies 

Fig. 2  (continued)
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the samples according to range scale 0.43–4.33 (Table 7), 
and the value of 2.16 reflected the limit between unpolluted 
and polluted groundwater. The classification values of WQIs 
resulted in this study are similar to several other models 
which determined to assess the surface and ground water 
vulnerability for pollution (Table 7). The applicable model 
for this table would support and validate the present results.

The range value of WQI in Tables 7, 8 was imported 
for ArcView for processing to prepare the final WQI maps 
which are shown (Fig. 3). The result from this research 
refers, that the WQI can be variable depending on the pur-
pose for which the variables are used. Researchers have 
been conducted throughout the world to determine the 
effects of toxic heavy metals on plants (Sethy and Ghosh 
2013; Janadeleh et al. 2015; Alves et al. 2016) for example, 

Sethy and Ghosh (2013) stated that heavy metals including 
Cd, Pb, Ni, and Cr are important environmental pollutants 
that cause toxic effects to plants; thus, lessening productiv-
ity and posing dangerous threats to the agro-ecosystems. 
They act as stress to plants and affect the plant physiology 
(Sethy and Ghosh 2013). Moreover, exposure to heavy 
metals, such as (Cd), (Pb), has been identified as a risk 
to human health through consumption of vegetable crops 
(Iwuanyanwu and Chioma 2017; Hussain 2004, Centre of 
agriculture, food and environment 2020). Harmful effects 
on plant or general human health were used as key signifi-
cance of these parameters in water quality assessment and 
their considerable impact on the index.

Therefore, the sensitivity function 5 denotes a param-
eter that is most significant for human health and negative 
effect on agriculture (e.g., Pb, Cd). On the other hand, the 
function 1 corresponds to a parameter that has a mini-
mal impact or less toxic (e.g., Na, K) (Centre of agricul-
ture, food and environment 2020). The result found that a 
groundwater was adequate for irrigation purpose even with 
high concentration of TDS, Na and EC.

It can be noticed from comparing the (WQI) detected 
in Table 8, with the relative pollution level or rating val-
ues Yi in Table 1 and also in comparison with irrigation 
water quality standards in Table 1, that all groundwater 
samples over study area are suitable for agriculture. As 
consequences, most of the index factors of Xij produce 
values <3.5 times standard desired value), which means 
that the corresponding value of Yi is <310, which indicates 
an acceptable value for irrigation purpose and unpolluted 
groundwater in the study area. The current index makes 
the results more rapid and simpler rather than a long list 
of numerical values for a large variety of parameters, and 
it assists in the comparison between various sampling sites 
and/or events.

Table 5  Pair-wise comparison matrix and weights of parameters base of Satty (1980) eigenvector procedure using expert choice program

With accessible of inconsistency of 0.02 which must be less than (0.1)

Pb Cd Cr Ni Fe TDS EC Na K Eigenvalue (E.V) Priority vector or nor-
malize E.V (E.V/3.9)

weight 
(Wi) if 
(0.254 = 5)

Pb 1 1 2 2 7 8 8 9 9 1 0.254 5
Cd 1 2 2 7 8 8 9 9 1 0.254 5
Cr 1 1 6 7 7 8 8 0.68 0.174 3.41
Ni 1 6 7 7 8 8 0.68 0.174 3.41
Fe 1 2 2 3 3 0.176 0.045 0.88
TDS 1 1 2 2 0.117 0.030 0.5
EC 1 2 2 0.117 0.030 0.5
Na 1 1 0.078 0.020 0.39
K 1 0.078 0.020 0.39
sum 3.9 1

Table 6  Calculation result of WQI for agriculture purpose and water 
type for wells samples

a Yri = rating or the relative pollution level, Wri = is the relative 
weight, where the Wi is a weight for any given parameter

Well no Sum (Wri × Yri)a WQI as in 
Eq. (3)

Water type

S01 1.75 1.95 Permissible
S02 1.92 2.14 Permissible
S03 1.79 1.99 Permissible
S04 1.62 1.80 Permissible
S05 1.74 1.90 Permissible
S06 1.68 1.86 Permissible
S07 1.69 1.87 Permissible
S08 1.65 1.83 Permissible
S09 1.68 1.87 Permissible
S10 1.62 1.80 Permissible
S11 1.65 1.84 Permissible
S12 1.80 2.01 Permissible
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Application of the final WQI map using GIS

The final WQI values are exported to Arc Map of GIS 
software in order to prepare the final WQI maps of study 
area shown in Fig. 3. The GIS technique uses spatial ana-
lyst extension in ArcMap to prepare the maps to predict 
the spatial distribution of final index values for ground-
water quality for irrigation purpose. The map shows that 
the groundwater is deteriorating along the south and 
southwest region with the incorporation of the pollutants 
discharged from urbanized/industrial/agricultural west, 
and it increases the WQI index. This study finds out that 
the WQI index together with GIS can help the decision 
makers in the assessment and management of groundwa-
ter, and it can be considered as useful tools to choose less 
polluted areas for wells drilling.

The GIS-based WQI and thematic maps discussed earlier 
could be used to prevent (1) soil and water deterioration. (2) 

Vital problems in agricultural production. Therefore, it could 
help the sustainable management of natural resources in the 
study area, also for all area of the Dibdibba aquifer.

Table 7  Illustrate several WQIs classification comparing with currently study index

WQI range Classification or index type Samples no Categories Parameters Reference

0–4.33 Mellol and Collin (1998) 12 Very good:0–0.43
Good: 0.43–1.08
Permissible: 1.08–2.16
Polluted: 2.16–3.25
V.Polluted: 3.25–4.33

Pb, Cd, Cr, Ni, Fe, TDS, EC, Na, 
K

Current study

0–4.1 Don (1995) and Todd (2007) 33 Excellent: 0–04
Good: 0.4–1.04
Permissible:1.04–2.08
Poor: 2.08–4.1

TDS, pH, Ec,  SO4, Ca, Mg, Na, K, 
Cl. AR, Na% and T.H

Hussain et al. (2012)

0–3.5 Mellol and Collin (1998) 8 Lowest pollution: 0
Maximum pollution: 3.5

Cd, Mn, Pb, Fe,  NO3, alkalinity, 
TDS, Ca

Hussain et al. (2012)

0–100 Meireles et al. (2010) 36 85 ≤ 100: No restriction
70 ≤ 85: Low restriction
55 ≤ 70: Moderate
40 ≤ 55:High restriction
0 ≤ 40:Severe restriction

EC, Na, Cl,  HCO3, SAR Hussain et al. (2014)

0–100 Harkins (1974) and Ott (1978) 7 Excellent:0–25
Good: 26–50
Poor: 51–75
Very poor: 76–100
Unsuit-able: > 100

pH, Alkalinity, Turbidity, TDS, 
Hardness, Ca, Mg, Cl,  SO4, 
NH3, F, Fe, Al

Alobaidy et al. (2010)

Table 8  The groundwater classes base on the range of Yi values

The numbers between the parentheses mean the limitations for 
groundwater classes

Yi WQI value Groundwater class

1 0.43 (0–0.43) Very good
2.5 1.08 (0.43–1.08) Good
5 2.16 (1.08–2.16) Permissible
7.5 3.25 (2.16–3.25) Polluted
10 ≥ 4.33(3.25–4.33) Very polluted

Fig. 3  Spatial distribution of the final WQI for the study area
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Conclusions

This study, the WQI is modified to assess the groundwater 
for irrigation purposes, as a case study at an agricultural 
area; near Al Kufa city, North of Al Najaf province, Iraq. 
To achieve this aim, nine parameters are included: TDS, 
EC,  Na+,  K+, Cd, Fe, Ni, Pb and Cr. To calculate the final 
WQI, all of the normalized parameters are combined. 
Also, the relative importance or the weights of the param-
eters in the final index are defined. The result indicates 
that the index recorded values are between 0 and 4.33 or 
more, and the value of 2.16 represents the limit between 
unpolluted and polluted groundwater. To conclude, the 
index map shows that groundwater in the studied area is 
good and the quality water type is acceptable for irrigation 
purposes. Finally, the WQI modeling can be used as a tool 
to map the groundwater quality considering the weights 
of an ensemble of chemical parameters together to deci-
pher the area affected by pollution. The results revealed 
that the water in all the reservoirs is suitable for irrigation 
with no hazard to the soil structure. The WQI and GIS 
showed a great potential in the assessment of water for 
multi-purpose usage. These are excellent tools for sum-
marizing overall water quality conditions over space and 
time. When used together, they are also a method of pro-
viding relevant information for specific water use that can 
be more readable for planners and managers.
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