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Use of Water Quality Index Technique to Assess Groundwater Quality for
Drinking Purposes in Saqlawiyah
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Abstract
Water Quality Index has been used in the present study to evaluate suitability of groundwater quality for
drinking purposes in Saqlawiyah city and surrounded area, Al anbar, Iraq . This was carried out by subjecting
twelve grouldwater samples, collected from twelve selected site, to comprehensive physico-chemical analysis .

WQI technique requires several parameters to satisry the calculations . These parameters include physical and
chemical characteristics of groundwater sampling such as: pH, total hardness, total dissolved solids, calcium,
magnesium, bicarbonate, chloride, nitrate and sulphate. The computed WQI shows that two wells (l l, 12) fall in
class tI (good water) while seven well (3,4,6,7,8,9,10,) fall in class III (poor water) and three wells ( I,2,5) fall in
class IV (very poor water) . The high value of WQI has been found to be mainly due to the higher values of
TDS, Cat2, Mg*2, Na*, Cl', SOa-'?and Nor'r where it was found that ther€ is a very high correlation coefficient
between them. Such waters are not suitable for drinking purposes under normal condition and further action for
salinity control is required .

K€y words : Water quality Index, Drinking water, Saqlawiyah city, Al-anbar, lraq .

Introduction
lraq relies on the Tigris and Euphrates Rivers as a Groundwater samples were collected during July
main source of water used for drinking purposes but 2012, Oclober 2012 and January 2013 from 12 wells
in last years, these rivers exposed to industrial waste located in Saqlawiyah city and sunounded area. Each
disposal, agricultural and civil affecting the quality of of the groundwater samples was analyzed for I I
water. As well as the dams constucted on these rivers parameters which were pH, total dissolved solids
by Turkey lead to a significant lack of wate. (TDS), total hardness, calcium, magnesium, sodium,
therefore, has to be thinking about other sources of potassium, chloride, nitrate, bicarbonate and sulphate
drinking water. Groundwater or well water is the using standard procedures recommended by [2]. The
most important source in many cities ofthe world, as average measured values are summarized in table (1)
it is believed to be safe and free from pathogenic and the locations ofthese sites are shown in Fig (l).
bacteria and suspended matter. Most accessible The standards for drinking purposes as recommended
groundwater resources have already been tapped in by lraqi Standard, 1992 have been considered for the
the area ofstudy for irrigation purposes. Residents of calculation of WQI which are including three steps.

these areas are using this water for drinking purposes, Firstly specific weights are assigned to the chemical
therefore the focus has shifted in the present study for parameters according to its relative importance in the
evaluation of these waters for drinking purposes overall quality of water for drinking purposes as

using %ter quality index (WQl) technique. WQI sho\ n in table 2. For example, nitrate parameter
technique has been successfully used to asses the playing a prominent role in groundwater quality for
quality of groundwater in the recent time due to its drinking purposes [9] than the other parameters hence
serves the understanding of water quality issues by higher weightage is given to nitrate parameter.

integrating complex data and generating a score that Whereas magnesium is assigned lesser weightage
describes water quality status. I] has firstly use the because it is not harmful to ground water quality for
concept ofWQI then developed by [2] and improved drinking purposes. In the second step, the relative
by [3] . The development of WQI for groundwater is weight (r/, is computed fiom the following
described in the several studies [4], tsl, t6l, t71, t8l, equation:

[e],[0]and!II.
The objeclive of the present work is to determine the
suitability of groundwater for human consumption
based on computed water quality index values in
Saqlawiyah city and surrounded areas of AL- Anbar
provenance, in Iraq. The study area is located
between latitudes 33" 22' 22 to 33" 26'26" North
and Longitude 43" 36' 36" to 43" 42' 42" East,
covering an area ofapproximately I l6 km'? (Fig.l ) .

Methodolory

I" *" (t)
Where, 7i is the relative weight, ui assigned weight
ofeach parameter and ,, is the numb€r ofparameters.
Calculated relative weight (Wi) values of each
parameter are also given in table 2. In the third step, a
quality rating scale (qi) for each parameter is assigned
by dividing its concenfation in each water sample by
its respective standard .
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Fig.l: t ocstion map ofthe study area showing studied wells
according to the guidelines laid down in the Iraqi Si is the Iraqi drinking water standards for each
standards which is illustrate in (table 2) and the result chemical parameter.
multiplied by 100. For computing tyQl, the Sli is first determined for
qi=(Ci/Si)x100 (2) each chemical parameter, which is then used to
Where qi is the quality rating, Ci is tho concentration determine the l/p/ as the following equation;
ofeach chemical parameter in each water sample, and SIi = lli . qi (3)

wor: zsrt (4)
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Table l: Average chemicaf analysis of collected groundwater samples during July 2012, October 2012 and
Jan u ra 20t3

Table 2: Relative ht 8nd the I i drinki water strndard for each rsmeter [91

SIi is the sub index of the parameterj qi is the rating
based on concentration ofthe parameter and z is the
number ofparameters .

Table.3: Water ua classification based on

The computed WQI values are classified inlo fiye
types; according to [9] "excellent water" to
"unsuitable for drinking" as shown in table (3) .

I value 9

Result and discussion
Statistical analysis was carried out using statistical
package for social sciences (SPSSVe$ionl4) .

The statistical tests applied were basic statistics

Table 4: Descri statistics for all wells

Wcight (wi) Relative weight (Wi)('hcmical parameters

I6.5-8.5pIl
500 2 0.0606I otal hardncss (TH)

2 0.0606Ca*2 200
0.0606150 2Ms*'

200 2 0.0606Na*
t2 2 0.0606

3 0.0909llcoi 200

ct' 600 3 0.0909
o.1212TDS 1500 4

400 1 o.t2t2Soo-t
NOi': 40 5 0. t5l5

f wi= 33 Lwi= ITotal

WQI value r ater quality Percantage of studied rtrat€r sample

<50 I Excellent 0

50-t00 good *aler tTvo

100-200 II 58%

200-300 IV very poor water

>300 Unsuitable watcr 0

PH
.III

Ca*2 Mg*' Na* KT Itcor- cl' TDS So." No."
Minimum 7.0 776.0 t41.0 95.0 160.0 6.0 30s.0 207.0 1524.0 439.0 t4.0

Maximum 7.5 2328.0 429.0 3l1.0 855.0 21.0 560.0 540.0 3718.0 1541.0 49.0

Mean 7.2 t596.8 278.8 22t.3 437.8 12.8 432.2 342.4 2591.2 1001.7 31.8

std.
Deviation

0.2 520.9 t 0l.? 85.2 8.6 100.7 453.1 14.4

lraqi
standard

6.5-
8.5

500 200 150 200 t2 200 600 1500 400 40

9l

(mean, standard deviation) and Spearman's
correlation matrix (assuming p < 0.01). The mean
and standard deviations is calculated to kno\y the
chemical parameters which are deviating from Iraqi
standard for drinking water srandard (table 4) .

si
o.t2t2

K*

Class

Poor waler

219.6 78.8 lll.0
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It has been observed that the mean for all parameters
are more than the limits of Iraqi standard exc€pt Cl-
and nit te within the limits white the standard
deviation for all parameters are within the limits of
Iraqi standard for drinking water except SO41, TH
and Na*.
The degree ofa linear association between any pair of
the water qualily parameters, and water quality
parameters with WQI as measured by the simple
correlation coefficient (r) is presented in tabte 5.
Correlation analysis measures the closeness of the
relationship between chosen variables. If the
correlation coefficient is nearer to +l or -1, it shows
the perfect linear relationship between thc two

ISSN: 1813 - 1662

variables. This way analysis attempts to establish the
behavior ofthe relationship between the water quality
parametcrs and WQI. It is observed that the TDS
variations are mainly controlled by Na' (r = 0.93).
Mg'(r - 0.92), Soa2 11 = 0.88). Nor:. (0.87), cr (r
= 0.86) and Cat'? G : O.E5) concentration. [n some
site the relationship between Mg and Cl is highly
significant indicates that the hardness of the water is
permanent in nature. Computed WQI also show that
the highly significant intenelated with the values of
TDS (r - 0.96). NO,., (0.95). SOo:1r - 0.95). Na',
(r=0.92). Ca., (r = 0.9t). CI- (r _ 0.88) . Mg',
(r:0.88) and K- (r = 0.63) .

Table 5: Correlation coefficielt matrix of water ual and I

Total dissolved solids (tDS) , Total hardness
and pH
The total dissolved solids (TDS) are the
concentrations of all dissolved minerals in water
indicate the general nature of salinity of water. The
toral dissolved solids in all the study area varies from
1524 to 3'178 mg/l (Fig. 2) . The higher value of total
dissolved solids is attributed to application of
agricultural fertilizer contributing the higher
concentration of ions into the groundwater 13] All
studied samples were exceeding maximum
permissible limit of lraqi standard for drinking water.
High values ofTDS in goundwater are generally not
harmful to human beings but high concentration of
these may affect persons, who are suffering from
kidney and heart diseases [14]. Water containing high
solids may cause also laxative or constipation effects

ll5l .

Total hardness (TH)
Total Hardness is considered as a major character of
drinking water. Hardness is defined as the
concentrations of calcium and magnesium ions.
Calcium (Ca) and magnesium (Mg) are dissolved
from most soils and rocks. A total hardness value
varies from 776 to 2328 mg/L (tablel & fig.2) which

may be due to presence of Calcium (Ca) and
magnesium (Mg). The study concluded that 100%
samples were exceeding maximum permissible limit
and is general classiry as extremely hard water .
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Fig.2: Vslues ofTH and TDS for all studied

sample
The Hydrogetr-iotr cotrcentratiotr (pH) in the study
area varies fiom 7-7.5 (table I & Fig. 3). The mean
value of pH was lower than the desired limit (8.5) of
Iraqi standard indicating acidic nature of ground
water .

Paramelers pE TH Ca*2 HCO; CI TDS so,,' NO;, wol
PH I

TH 0.37 I

Ca*') 0.2t 0.89 I

Mg" 0.33 0.8 r 0.14 I

0.55 0.85 0.8r 0. {38 I

r 0.19 0.52 0.80 0.43 0.64 I

IHCO; 0.17 0.1I l) 0f) 0.54 0.36 -0.05

0.76 0.82 0.32 0.38cr 0.4r 0.84 0.67

TDS 0.38 0.95 0.85 0.92 0.93 0.53 0.30 I

0.33 0.93 0.87 0.76 0.77 0.54 0.20 0.85 0.88 ISO;,
0.85 0.87 1.00 INO;, 0.33 0.92 0.87 0.77 0.53 0.19

0.88 0.96 0.95 0.95 Iwa 0.39 0.95 0.91 0.88 0.92 0.63 0.32
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Anions concentration
The concentration of Bicafionale (HCO;) h trc
studied samples ranges between 305 and 560 mg\l as
shown in fig 5. Accordingly, all ofthese samples are
unsuitable for drinking uses .
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Fig.3: Values of pH for all studied sample
Cations Concentrations
Cqlcium canbe found in water as Ca*: ions therefore
it is a determinant of water hardness. The ranges of
Ca*2, is l4l to 429 mgfi- as sho*n in figure (4). All
samples were exceeding maximum permissible limit
oflraqi drinking water standard except well no 7, I I
and 12. High concentration of calcium ion is
observed in Well I ,2,3,4,5,6,E,9,and l0 due to its
frequent use of water wells as well as the distance
Iiom the river and inigation channels ,

The values of magnesium (mg*2) range from 95 to
3l1mg/l (Fig.4). 25%o samples were crosses the
maximum permissible limit. Magnesium has many
different purposes and consequently may end up in
water in many different ways 16l. A large number
of minerals contain magnesium; it is washed from
rocks and subsequently ends up in water. Magnesium
also adds as a fire protection measure or as filler to
plastics and other materials fiom Chemical industries.
It also ends up in the enyironment from fertilizer
application and from cattle feed. In the study area the
rock type is indumte to compacted clastic sediments
hence the source of magnesium in the groundwater is
clay sediments .

All goundwater contains some sodir.m (Na')
becaus€ most rock and soils contain sodium
compounds from which sodium is easily dissolved.
The increasing pollution of groundwater has resulted
in a substantial increase in the sodium content of
drinking water. According to the haqi drinking water
standard, U.S.A. standards and [l7] the water used
for drinking purpos€s should not contain sodium in
amount exceeding 200 mg\l accordingly 83% of the
studied samples are unsuitable for drinking (Fig.a) .

In most u,ells Potcssiam ions (K.t) were observed
less than the allowable concentration as shown in fig.
4 because ofthe ability ofpotassium to combine with
several soil minerals structure or digest by plants

u2l. As per kaqi drinking water standard, 3370 of
samples exceeding maximum permissible limit while
677o of samples of the study area within permissible
limits .
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Fig.4: Values ofCrtions for all studied samples
The chloide Cf cantent was found to be well within
the permissible limits (Fig. 5 and table l). It is a
widely distributed element in all types ofrocks in one
or the other form. Therefore, it is high in ground
waters, where the temperature is high and rainfall is
less [9]. Soil porosity and permeability also has a key
role in building up the chlorides concentration [8] .

The nitrute NOi value varies fiom 14 to 40 mg/l in
the study area, as shown in fig.5 and table l. Th€
nitrate yalue for the study area is found to be more
than 40 mg/l as per lraqi drinking water standard in
five locations due to over-application of fertilizer
fiom agricultural land .

The concentration of sulphale,tor-' in the studied
samples ranges between 439 and l54l mg\l (Fig.S) .

Accordingly, all of these samples are unsuitable for
drinking uses .

!

!

!t

t{r
r()0

800

UD

rfi
t&
6fl
{n
m0

0

-.-lml

+!t!

lt!a5 a!tlfllztt

Fig.s: Vslues ofAnions for all studied samples
Water Quality Index (WQI)
In this study, the computed WQI values for 12 wells
in Saqlawiyah city and sunounded area range fiom
91 to 227 as shown in fi9.6. It can be classified into
three types "good water" to '!ery poor water ". The
percentage of water samples that falls under different
quality as shown in table 4. Accordingly l7o/o of
wells water falls in class (ll) (good water), 58% falls
in class (lll) (poor water) and 25o/o falls in class (lV)
(very poor water) .

93

T:I



lt!llrlrrrull
t,t\

Fig.6: Values of WQI for all studied samples
The high value of WQI in this region because of it is
considered as a discharge area for a groundwater.
These values has been found to be mainly due to the
higher values of TDs, ca*2, Mg*2, Na', cl-, Soa-2 and
NO3-2 where it was found that there is a very high
correlation coefficient between them .The
groundwater quality may improve in this region due
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to inflow offieshwater ofgood quality during rainy
season .

Conclusion
Suilability of groundwater quality for drinking
purposes in Saqlawiyah city and surrounded areas

have been evaluating in the present study using water
quality index technique. For calculating the WQI nine
parameters have been considered such as: pH, total
hardness, calcium, magnesium, bicarbonate, chloride,
nitrate, sulphate, and total dissolved solids. The result
shows that l?yo of wabr sample falls in good water
category,5870 falls in the poor water category and
25lo falls in very poor category. The high value of
WQI has been found to be mainly iiom the higher
values of total dissolved solids. calcium. magnesium.
sodium, chloride, sulphate and nitrate in the
groundwater. The cunent study shows that the study
area contains mostly unsuitable groundwater for
drinking purposes and need to be treated in the case

of use .
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