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Abstract: A criteria for assessing the quality of water and determining its suitability for varies uses
is the Water Quality Index. For examining the general chemical properties of water quality, the
Water Quality Index (WQI) is a crucial and effective instrument. 16 groundwater samples, in total,
were gathered and their principal cations and anions were examined used at Tuzkhurmatu city in
Salah Aldeen governorate, Iraq. 12 parameters including: sodium (Na), calcium (Ca), magnesium
(Mg), potassium (K), chloride (Cl), bicarbonate (HCO3), sulfate (SO4), nitrate (NO3), pH, total
dissolved solids (TDS), electrical conductivity (EC) has been used to applied WQI . The computed
WQI values varied from 56.73 (sample 2) to 1072.69 (sample 4). Calculated WQI results showed four
classes: unsuitable water in samples (1, 4, 10) with the percentage of 18.7%, very poor water in
samples (11, 14) with the percentage of 12.5%, poor water in samples (5, 6, 8, 9, 12, 13, 15, 16) with
the percentage of 50% and good water in samples (2, 3, 7) with the percentage 18.7%. TDS values
ranged between 436 and 20780 mg/l, most of ground water samples classified as brackish water,
saline water and fresh water. EC values ranged between 620 and 26250 (ps/cm), most of
groundwater samples categorized as excessively mineralized water. TH values ranged between
310.83 and 7556.92 (mg/1), all ground water samples categorized as vary hard water. To ascertain if
the groundwater samples were suitable for drinking purpose, the TDS, EC and TH results of
groundwater samples were compared with the world health organization (WHO) and Iraq quality
standard (IQS) to determine its suitability for drinking purpose indicate to the all ground water
samples exceeded permissible limits aimed at drinking water value except samples (2,3,5,7) are not
exceeded permissible limits. It was clear from the water quality assessment that the most of
Tuzkhurmatu city ground water was unsuitable for drinking. The findings of this research indicate
to decrease the groundwater quality this might be as a result for anthropogenic activities around
the sampling area mainly sewer waste water contamination sources within water samples from the
studied area.
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1. Introduction

The most important element of the profound life is water [1]. Still many factors
affecting the quality of groundwater, such as agricultural activities (pesticides and
fertilizers), besides industrial wastes, geological formation, land use practices, the rainfall
patterns and rate of infiltration [2]. Urbanization and accelerating increase of populations
have increased the demand on resources of water especially groundwater and this may
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cause serious problems for the environment in the last few decades [3]. The main factors
controllers on the groundwater chemistry are generally the geological characters, and
some of these factors are (surrounding areas, the flow direction of groundwater , the
severity of chemical weathering of the rock , and the interactivity between water and rock
throughout the recharge season) [4], [5], [6],[7], [8].

Physicochemical parameters assisted the researchers to have a general idea about
likely contaminants and this can be assessed by evaluating the parameters rates compared
with the standard rates, [9], [10]. And for indicating the permissible parameter, water
quality index (WQI) referred to the general quality of water for specific location and time
[11].

Iraq is one of the countries that may deal with decreasing of water level of Tigris and
Euphrates rivers, and this problem originated from outboard activities. This may effect in
a negative way on Iraq share for human drinking water. An evaluation of groundwater
quality for drinking uses was needed for Tuzkhurmatu city an exemplary case study in
Iraq that is currently undergoing some economic development. A criterion to assessing the
quality of water and determining its suitability for different uses is the water quality index.
And it is among the most effective means of informing concerned individuals and
decision-makers about water quality. It, thus, it becomes a crucial parameter for managing
and evaluating surface and groundwater [12].

This research involved studying the hydrochemistry of the groundwater and
assessing its quality by analyzing some related chemical elements and classify these
parameters according to the suitability for drinking purposes. In May 2018, 16
groundwater samples were taken from wells and examined for cations (Na+, Ca2+, Mg2+,
K+), and anions (SO42-, Cl-, NO3- ) beside evaluating some physical characteristics
including total dissolved solid (TDS), pH, electrical conductivity (EC). This study
conducted in Tuzkhurmatu city in Salah Al-Den Governorate between (Latitude: 34° 36'
00" N - 34256' 30" N) and (Longitude: 44° 28' 30" E- 44° 46' 00" E) (Figure 1).
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Figure 1. The satellite image of the samples distributions in the studied area.
Geologic setting

Generally, Quaternary deposits are covering more than most of the study area. Pre-
quaternary deposits, belong to Tertiary (Middle Miocene-Pliocene) and are represented by
Fatha, Injana, Mukdadiyah and Bai Hassan Formations. Middle Fars Formation (transition
zone) has been added to the Fatha Formation. The wells of ground water in the studied
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area were partially penetrating Bai Hassan formation at varying depths. The top and main
hydrogeological productive aquifer in the research region is thus represented by this
Formation. It is regarded as a significant sandstone aquifer with the Quaternary deposit
gravel on the top and the Mukdadiyah formation beneath [13] Figure 2.

Structurally, the research area belongs to the Foothill Zone of the Unstable Shelf of
Nubio - Arabian Platform and Mesopotamian Zone. Tectonically, it partially belongs to
Tigris and Hemreen - Makhul subzones [14], [15]. Herein Gilabat and Pulkhana anticlines
are the majority structural elements. The region is highly effected by structures and
morpho-logy, and covered by thick Quaternary deposits, derived from existing mountains
and far area too, dissected by very comp-licated systems of drainage. Moreover the study
area is inform of vast plains interrupted by long and narrow mountain ranges, acting as
an influent areas with their crustal lines represen-ting major divide lines of different
basins.

The main sources of water is the rain beside the existing rivers. The yearly rainfall
occurs between November and April and the climate effected on amount of water and
changing of ground water level [16]. The majority of the rocks are porous and permeable
(has good infiltration capacity) except the claystone’s. Aquifers are represented by Al-
Fatha alluvial fan, floodplain deposits and discontinuous lenticular and commonly
elongated bodies of variably sorted sand and gravels beside the Miocene rocks. Main
sources of water are hand dug wells, artesian wells, springs and direct precipitation beside
the rivers. The quantity of the water is good, especially at both sides of the Tigris River.

Figure 2. The geological map of the studied region.

2. Materials and Methods

16 groundwater samples used in this study from different locations during May 2018
to examine the quality of groundwater for drinking uses. The groundwater samples
examined 12 parameters including: electrical conductivity (EC), pH, total dissolved solids
(TDS), sodium (Na), magnesium (Mg), calcium (Ca), potassium (K), sulfate (504),
bicarbonate (HCO3), chloride (Cl), nitrate (NO3), TDS, pH and EC were measured
separately in the field using transportable multi-meters (Trans ISO 9002), while the rest of
the parameters and following standard protocols were analyzed in the laboratory
recommended by APHA [17] Table 1.

Basic parameters for calculating Water Quality Index (WQI) according to the
drinking water quality requirements by Iraqi standard [18].
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Table 1. Physiochemical properties of samples in the study area.

well P EC TDS Ca Mg Na K HCOs SOs Ccl NOs TH

no. H (uS/em) (mg/l) (mg/l) (mgl) (@mgl) (mg/l) (mgl) @mgl) (mg/l) (mg/) (mg/l)

1 7. 16400 13660 592 605 3220 3 101 4984 3692 6 4026.9
5 9

2 6. 620 436 88 20 38 2 110 182 21 24 310.83
6

3 7. 660 478 120 5 41 2 207 180 18 3 332.21
7

4 6. 26250 20780 1280 488 5474 4 79 4080 9230 6 5332.2
6 8

5 7. 1023 764 108 66 69 1 220 278 121 6 552.06
5

6 6. 3380 2692 460 115 225 3 67 1622 120 6 1667.8
8 4

7 8. 730 520 60 41 60 2 171 192 64 6 324.53
3

8 7. 2000 1383 112 102 207 2 207 638 213 6 710.59
8

9 7. 3140 2275 448 117 78 3 73 1296 199 3 1644.9
8 1

10 8. 14400 9216 2200 448 1357 3 142 924 1289 12 7556.9
1 2

11 7. 3530 2272 448 198 481 3 200 507 412 12 1978.2
8 2

12 7. 2440 1896 360 183 394 2 200 498 234 12 1687.9
8 6

13 7. 3140 2040 400 194 409 2 198 491 308 12 1837.1
8 1

14 7. 3940 2521 296 110 372 2 306 845 536 2 1221.3
4 6

15 7. 2560 1638 148 84 264 2 317 374 489 2 730.01
4 6

16 7. 4470 2861 189 42 391 2 202 721 408 408 663.66
4

The (WQI) calculation by following the steps using the weighted arithmetic index
method [19].

Assigned the specific weights for the parameters based on their relative significance
in the overall quality of the drinking water as shown in Table 2. he following formula has
been used to calculate the relative weight (Wr).

Wr=Wi/Yr_iwi ....... (1)

Where wi is the weight of each parameter and n is the number of parameters. Wr is
the relative weight. Table 2 illustrate the Wr values of each parameters.

Determine each parameter's quality rating scale (qi), which is determined by
dividing its concentration in each water sample by the corresponding standard in
accordance with the rules, and multiplying the result by 100 which is illustrate in Table 2.
qi=(Ci/Si) *100 ....(2)

Where Si is the Iraqi drinking water standard for each parameter in mg/L according

to the guidelines of the [18] and i is the quality rating. Ci is the concentration of each
parameter in each water sample in mg/L.
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Calculated Sli for each chemical parameter using the following equation:
Sli=Wr*gi ....(3)

Lastly, use the formula below to calculate WQI for each chemical parameter.
WQI=XSIi.....(4)

Table 2. The relative weight for each parameter.

Parameter Iraqi Standard (Si) Weight Relative weight (Wr)
(mg/1) (2009) (Wi)
PH 6.5-8.5 4 0.129
TDS 1000 5 0.161
TH 500 2 0.064
Ca+ 150 2 0.064
Mg+ 100 2 0.064
Na* 200 2 0.064
K+ 12 2 0.064
Cl- 350 3 0.096
S04~ 400 4 0.129
NO:s 50 5 0.161
Total YW=31 0.996

The WQI value of the sample is represented by the total of the Sli that was calculated
using formula (3) above. Table 3 lists the WQI and Sli values. The values of calculated WQI
are categorized in to five class, "excellent water" to "unsuitable water" of drinking water

after [20].
Table 3. The values of Sli and WQI for each parameter.

Sa. Sli Sli . Sli Sli N . Sli Sli Sli Y.Sli=

No. PH TDS W pa  pga SHNaTOSHKT o, ghn 0 Nos war
1 4.3 21992 5154 2525 3872 103.04 1.6 101.26  160.73  32.52  738.90
2 -3.44 7.01 3.97 3.75 1.28 1.21 1.06 0.57 5.86 35.42 56.73
3 6.02 7.69 4.25 5.12 0.32 1.31 1.06 0.49 5.80 66.65  98.73
4 -3.44 33455 6825 5461 3123 175.16 2.13 253.16 13158 2543 1072.69
5 4.3 12.30 7.06 4.60 4.22 2.20 0.53 3.31 8.96 70.84 118.35
6 -1.72 4334 2134 19.62 7.36 7.2 1.6 3.29 52.30 21.57 17592
7 11.18 8.37 4.15 2.56 2.62 1.92 1.06 1.75 6.19 55.06 94.88
8 6.88 22.26 9.09 477 6.52 6.62 1.06 5.84 20.57 66.65  150.30
9 6.88 36.62 21.05 19.11 7.48 249 1.6 5.45 41.79 23.50  166.01
10 9.46 148.37 96.72  93.86  28.67 43.42 1.6 35.35 29.79 45.72  532.99
11 6.88 36.57 2532 1911 12.67 15.39 1.6 11.30 16.35 64.4 209.60
12 6.88 30.52 21.6 1536 11.71 12.60 1.06 6.41 16.06 64.4 186.63
13 6.88 32.84 2351 17.06 1241 13.08 1.06 8.44 15.83 63.75 19491
14 3.44 40.58 15.63 12.62 7.04 11.90 1.06 14.70 27.25 98.53  232.78
15 3.44 26.37 9.34 6.31 5.37 8.44 1.06 13.41 12.06 102.07  187.90
16 3.44 46.06 8.49 8.06 2.68 12.51 1.06 11.19 23.25 65.04 181.80

3. Results

The most effective method for assessing the overall quality of water resources is the
WQI [21]. The ions concentration were originally resulting by dissolved minerals in
addition water percolation through soil and human activities which is reflected as a main
source of ground water deterioration. Major ions and physicochemical results of
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groundwater samples in Table (1) used to calculating WQI of the samples from research
area. The WQI values of the ground water samples calculated were shown in tables (2 and
3). The computed WQI values varied from 56.73 (sample 2) to 1072.69 (sample 4).
Calculated WQI values categorized into five types [22] in Table (4).

Table 4. WQI for groundwater samples of Tuzkhirmatu city.

Sample no. Water value Water quality classification The percentage of
samples
--- <50 Excellent water ----
2,3,7 50 -100 Good water 18.7 %
o,
5'12" 81'5?'1162' 100 — 200 Poor water 50%
11,14 200 -300 Very poor water 12.5 %
1,4,10 >300 Unsuitable water 18.7 %

The percentage of ground water samples that showed in table 4, accordingly 18.7%
of samples fell into the "good water" class, 50 % of samples fell into the "poor water" class,
12.5 % of samples fell into the "very poor water" class and 18.7 % of samples fell into the
"unsuitable water" class Figure 3

The percentage of WQI

B Good water
= Poor water
W Very poor water

Unsuitable water

Figure 3. The percentage of WQI for the all samples in the research area.

The TDS values ranged between 436 and 20780 mg/l, most of ground water samples
classified as brackish water, saline water and fresh water according to [23] Table (5).

Table 5. Ground water samples classified using TDS parameter after.

Classification of water depending on

Samples No.

TDS
2,3,5,7 Fresh water
6,8,9,11,12,13,14,15,16 Brackish water
10 Salty water
1,4 Saline water

The EC concentration ranged between 620 and 26250 (ps/cm). According to [24], the
most of groundwater samples are categorized as excessively mineralized water Table (6).

Table 6. Ground water samples classified using EC parameter after [24].

Samples No. Classification of water

2,3,7 Highly mineralized water
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1,4,5,6,8,9,10,11,12,13,14,15,16 Excessively mineralized water

The TH concentration ranged between 310.83 and 7556.92 (mg/1), all ground water
samples classified as vary hard water according to.

The TDS, EC and TH results of groundwater samples are compared with the IQS and
WHO to ascertain its suitability for drinking purpose. Table (7) shown that the samples of
ground water exceeded permissible limits aimed at drinking water value set by IQS and
WHO [25] except samples (2,3,5,7) are not exceeded permissible limits.

Table 7. The standards of drinking water comparing with groundwater samples.

Exceeding Samples of
Parameters IQS (2009) WHO (2011) o
limits groundwater
All samples except
Exceed
TDS (mg/1) 1000 1000 (2,3,5,7)
Not exceed 2,3,5,7
All samples except
Exceed
EC (ps/cm) 1500 1530 (2,3,5,7)
Not exceed 2,3,5,7
All samples except
Exceed
TH (mg/1) 500 --- (2,3,7)
Not exceed 2,3,7

4. Discussion

Quality of Samples tested for groundwater in the studied region, is within good
water to unsuitable water regarding drinking purposes. While, poor water class found in
the most samples. The results of this research compared with the results of paper that all
samples are excellent and good water indicate to decrease the groundwater quality this
might be as a result for anthropogenic activities around the sampling area mainly sewer
waste water contamination sources within water samples from the study area.

5. Conclusion

Water Quality Index technique used in this study for evaluating groundwater
quality in Tuzkhurmatu city for drinking usages, results showed four classes: unsuitable
water in samples (1, 4, 10) with the percentage of 18.7%, very poor water in samples (11,
14) with the percentage of 12.5%, poor water in samples (5, 6, 8, 9, 12, 13, 15, 16) with the
percentage of 50% and good water in samples (2, 3, 7) with the percentage of 18.7%.

Most of ground water samples classified as brackish water, saline water and fresh
water according TDS values, very hard water according to TH values and classified as
excessively mineralized water according to EC values. The TDS, EC and TH results of
groundwater samples were compared with the world health organization (WHO) and Iraq
quality standard (IQS) to ascertain its suitability for drinking uses, which indicate to the
all ground water samples exceeded permissible limits aimed at drinking water value
except samples (2,3,5,7) are not exceeded permissible limits. It was clear from the water
quality examination that the most of Tuzkhurmatu city groundwater were unsuitable for
drinking.
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