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Abstract

In this research, Water Quality Index (WQI) was mathematically assessed to determine water qual-
ity at (Bardasoor Treatment Plant - Kalar) and at different points within the neighbourhoods,
away from some distance from the treatment plant to check the quality of water in the distribution
network. A water sample was collected from the input point at Bardasoor Treatment Plant before
the process of treatment, and another sample was collected after the treatment process and before
the distribution process. As well, (40) samples of water were collected at (8) stations and were all
subjected to Physico-chemical tests. The index classified the quality of water within the water distri-
bution system in Kalar as (good quality) except (2) stations which were classified as (poor quality);

despite, some parameters works compete unfavourably with (WHO) standards.
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1 Introduction

Surface water is a significant source of water available in rivers and reservoir, and are used for various purposes such as drink-
ing, irrigation, and fish culture. Nowadays, and as a result of worldwide increasing population and pollution, surface water
has become a significant issue [1]. Usually, water quality decreases as a result of increased anthropogenic activities. Moreover,
agricultural practices such as using pesticides and fertilizers have great impacts on the quality of surface water resources [2].
Water quality management for drinking purposes must be focused on diseases prevention; so that, it may transmit diseases and

pollutants in many cases [3].

Therefore, drinking water has to be fit with human needs. Also, water supplies must be suitable for all domestic uses. Domestic
water supplies are usually subjected to pollutants that are directly introduced into the water distribution system from the treat-
ment plant, erosion and through pipe leakages [4]. Water Quality Index (WQI) which has been used in this study is an indicator
of water pollution. Also, it is a tool utilized to determine the quality of water by using some physicochemical parameters. So,
WQI expresses ultimate water quality at a certain station by providing single values. This study aimed to investigate the classes
of WQI before and after the process of water treatment at Bardasoor Water Treatment Plant WTP, and also at different points in

the residential neighbourhoods in Kalar City.

2 Study Area

This study has been conducted in Kalar City (Figure 1), which is a part of the Kurdistan Region in Iraq. The city is located be-
tween latitudes (34, 38 - 34, 35) degrees north and longitudes (45, 15 - 45, 21) degrees east. The city is (300-355) m above sea
level. Its area is about 32 km2 and is located on the southeastern side of Kirkuk governorate, 150 km away, and on the south of
Sulaymaniyah Governorate, 140 km away, and north of Baghdad, 180 km away, and close to the western border of Iran, 35 km

away [5].

2 Materials and Methods

2.1 Water Sampling: In this research, 2 samples of water were taken from the intake unit before the treatment plant (Bardasoor
WTP) and after the treatment. Also, 40 samples were taken from taps in different stations within a water distribution system.
Each sample of water was collected in a container of (1) litre, and one-inch space was left for air under the cover in each sample.

The samples then were covered, labelled and sent immediately to the laboratory to be tested without delay.

2.2 Analysis of Water Samples: Some physicochemical parameters including pH, EC, TDS and turbidity were directly measured

on-site. Other chemical parameters were measured by inductively coupled plasma optical emission spectroscopy (ICPOES) [6].
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Figure (1): Kalar City and Bardasoor Water Treatment Plant

2.3 Water Quality Parameters and WQI: Nine water quality parameters were analyzed following the drinking water quality stan-
dard which was recommended by the (WHO) [7]. These parameters include: turbidity, pH, EC, TH, TDS, Ca+2, Mg+2, Fe+2
and F+. The main reason for choosing these parameters is that they are most relevant to human health. The method of weighted
arithmetic index [8] was applied on the average values of each parameter in each suburb (Stations) to calculate WQI using the

following equation:

(WQI) = Water Quality Index, (Wi) is the weight unit for the (nth) parameter. (qi) is the Quality rating for the (nth) quality

parameter. Further, the Sub-index or quality rating (qi) was calculated by using the following equation:

(i) is the parameter of water quality, (Vi) represents the estimated value of the (nth) parameter at each station, (Si) is the permis-
sible value for the (nth) parameter. (Vid) represents the ideal value of each parameter (nth). Zero was set for all the parameters

except pH which is set as 7:
/ (8.5-7.5)]

The value of the water quality index (WQI) and the level of water quality status was determined based on the Weighted Arith-

metic Index method as shown in Table (1) and (2):

Table (1): Levels of (WQI) and water quality status (WQS) based on the Weighted Arithmetic Index method [8] [9].

WwQI WQI Status
0-25 Excellent
26-50 Good
51-75 Poor
76-100 Very poor
Bove 100 Unsuitable for drinking
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Table (2): Weights for the WQI Parameters

IDEAL Value
(Vo)

pH 85 0.02501 7
EC 600 0.00035
TDS 500 0.00043
TH 500 0.00043
Ca 75 0.00283
MG 30 0.00709
Fe 03 0.70872
Flouride 1 0.21262
Turbidity 5 0.04252

Parameters | BIS Standard(Sn) Weight

O O |0 |0 |0 |0 |O o

3 Results and Discussion

The obtained results are presented in table (3). In this study, water quality index (WQI) calculations have been carried out based

on drinking purposes.

3:1 pH

It indicates the differentiation in water quality and is affected by dissolved elements in the water. [10]. For all the water samples,
pH minimum and maximum values were observed to be (7.33) and (7.89) respectively. Therefore, these values indicate that all
water samples are within the limits of (the WHO) standard for drinking purposes. The pH value of intake point at Bardasoor
Treatment Plant before the process of treatment is (8.14); however, pH value after-treatment process and before distribution

process is (7.88).

3:2 Electric conductivity and TDS

Electric conductivity EC is the measuring the amount of dissolved solids that hold negative or positive charges in water [11]. The
values of EC for all water samples are varied between (574) to (603) Jlmho/cm. Based on (WHO 2011) standards, the permissible
value of (EC) is (600 umho/cm) [12].

TDS is related directly to electric conductivity, dissolve substances including (salts and minerals) in water may produce un-
desirable taste [13]. The (WHO 2009) standard value for total dissolved solid TDS is (500 ppm). The results show that TDS
concentrations in Kalars’ suburbs are range between (366.93- 385.47) ppm, and the values of TDS in intake point and output
point within Bardasoor Treatment Plant are (342) and (335.61) respectively. Therefore, the values of TDS in all the stations in the

present study were below the standard level.
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Table (3): results of the studied parameters in the study area

Lo- sam- P, EC Ca Mg Fe F TDS  TH
Station ca- ple i umhoy
tion No. NTU cm mg/l mg/l mg/l mg/| mg/l mg/l
0 Intake WTP 259 8.14 535 9.19 35 0.15 093 342 37.36
Control O:\t/l?’:)of 4383 788 525 9.38 3.57 0.1 0.22 33561 3812
1 745 772 589 11.992 4473 0.1 072 37652 48.36
2 798 7.898 583 11.317 4125 013 046 37268 4525
— 3 724 7652 599 11.541 4255 012 044 38291 4634
A § 4 712 7674 590 11.882 4358 012 042 37716 4762
5 6.12 7623 587 11.563 4245 013 0.35 37524 4635
Aver-
age 7182 771 5896 11.66 429 0.122 048 37690 46.78

411 7335 587 12.027 441 0.16 04 37524 4819

528 7552 595 12411 4482 0.14 0.39 38036 4945

6
7
8 582 7775 593 12158 4395 0.14 0.39 37908 4846
9

&
3

B E 397 7645 587 1248 4561 017 0.36 37524 4994
It:\ﬁ 10 317 7598 586 11883 4293 0.14 035 37460 4735

Aver-
age 447 758 589.6 1219 443 0.15 0.38 37690 4868
11 64 7606 593 12 4125 0.18 029 37908 4695
12 995 7568 586 12 4125 0.16 033 37460 4695
% 13 3.81 7573 578 12 4125 0.15 0.3 36949 4695
c % 14 543 777 595 12 451 0.14 035 380.36 4854
7 15 384 7804 582 12 439 0.15 032 37204 4804

Aver-
age 589 766 586.8 12 426 0.16 0.32 37511 4749
16 371 7525 580 12.66 451 0.15 0.31 37077 5018
17 394 7555 603 12.16 431 0.14 0.34 38547 48.11
c 18 394 7548 580 1254 445 0.16 033 37077 4964
D _g 19 3.36 767 580 1193 435 013 031 37077 4770
? 20 366 7536 581 1234 441 013 032 37141 4897

Aver-
age 372 757 5848 1233 441 0.14 0.32 37383 4892
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21 376 7505 578 1193 423 0.12 027 36949 4721
22 455 7588 582 1215 44 013 025 37204 4846
o 23 505 7529 581 1256 448 0.12 025 37141 4981
E g 24 6.14 759 578 1295 467 0.11 0.31 36949 5157
25 549 75 581 11.71 424 0.14 027 37141 4670
':’:er* 500 754 580 1226 440 012 027 37077 4875
26 467 7726 588 1228 433 0.15 025 37588 4849
27 457 7795 582 1248 445 0.14 026 37204 4949
515 28 406 7733 581 1229 437 0.15 035 37141 4868
F § 29 448 7466 579 1245 447 0.16 028 37013 4950
& 30 469 7676 574 1254 45 0.14 022 36693 4984
Aver-
age 449 768 580.8 1241 442 0.15 027 37128 4920
31 49 7549 591 1229 442 0.16 025 37780 4889
32 457 7853 588 13.16 457 013 0.19 37588 5168
c 33 5.86 7493 575 1211 439 0.14 022 36757 4832
G § 34 566 7514 582 12.8 457 0.15 023 37204 5078
35 5.02 TA77 582 1321 476 0.15 022 37204 5259
Aver-
age 520 758 583.6 12.71 454 0.15 022 37307 5045
36 6.12 7552 579 12.79 451 0.11 025 37013 5051
37 766 7804 596 1277 447 0.11 025 38099 5029
§ 38 777 7643 586 1353 483 013 021 37460 5367
H é 39 6.56 7585 590 14 5.02 012 021 37716 5563
@ 40 1097 7691 585 13.94 499 013 023 37396 5536
Aver-
age 782 766 5872 1341 476 0.12 023 37537 53.09
Min 317 7335 574 11.32 413 0.11 0.19 3669 4525
Max 1097 7898 603 14 5.02 0.18 072 3855 556
WHO St. 5 6.5-8.5 600 200 150 0.3 1-1.5 500 500
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3:3 Turbidity

It is the presence of a high quantity of suspended material; so, water with a high level of turbidity may develop gastrointestinal
diseases for people [14] . The values of turbidity in all the stations are between (3.17- 10.97 NTU). The turbidity values in most
of the stations (13 stations) are higher than the set limits of (5 NTU). Therefore, the process of precipitation should be paid more
attention and water in the precipitation pools should be kept for a longer time. Also, the Coagulation process should be done

more scientifically.

3:4 Calcium, Magnesium and TH

In general, the water body gains hardness as a result of the high presence of calcium and magnesium. Leaching of limestone,

dolomite, magnesia and others lead to present high amounts of calcium and magnesium into the water body [15].

In the present study, the concentrations of Ca+2 are ranged between (11.32-14) mg/l. Also, the concentrations of Mg+2 are be-

tween (4.13-5.02) mg/l. Therefore, all the samples are within the acceptable limit based on the WHO standard [16].

TH values in intake and outlet point of Bardasoor Treatment Plant are within the acceptable levels in all the suburbs in Kalar.
Also, the values of TH in all the suburbs are within acceptable levels; however, there is a slight increase in TH values in the sub-
urbs compared to the intake and outlet point of Bardasoor Treatment Plant. Based on WHO standard, the permissible value of

TH is (500) mg/l [16]. So, the quality of the water distribution pipes may have a role in this slight increase of TH values.

3:6 Iron & Fluoride

Normally, the acceptable concentration of iron should be less than (0.3) mg/l in drinking water; However, in some countries
where iron salts are used in water-treatment plants as coagulating agents, Fe concentrations may be higher [17]. The results show
that Fe concentrations in Kalars’ suburbs are range between (0.11-0.18) ppm. Therefore, the values of Fe in all the stations in the

present study were below the standard level.

Fluoride in water plays a significant role in the development of tooth enamel especially in children and in strengthening bones
throughout life. It is recommended that the minimum permissible limit of fluoride in water should not be less than (1) mg/I [12].
Water sample analysis observed fluorides’ values between (0.19 - 0.72) mg/l. The same problem indicates in intake and outlet
points with the Bardasoor treatment plant. Therefore, the fluoridation process should be utilized to add portions of fluoride into
the water before being distributed. Water fluoridation is the process that is done to adjust fluoride to public supply to reduce

tooth decay. As well as it plays a role in rebuilding and strengthening the teeth surface

Water quality index (WQI)

Large numbers of water quality parameters are converted to a single indication or classification by using the Water quality index
(WQI) tool. The classification includes: (excellent quality, good quality, poor quality, very poor quality, and unsuitable for drink-
ing) to report the results easily to stakeholders and users [18]. The (WQI) classified water in Station O - intake WTP as (Very
Poor Quality); however, it classified water in Station (Control/ output WTP) as (Good Quality), table (4) and figure (2). This
indicates that the process of water treatment in Bardasoor WTP is correctly taking place. On the other side, the index classified
water in Stations A and C as (Poor Quality) or unusable for drinking; on contrary, water in other stations was classified as (Good

Quality) for the same purpose.
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Table (4): Results of WQI and status

Index Value
Sites Status
(WQI)
Control - Out- ,
3643 Good quality
let
A 53.15 Poor quality
B 48.51 Good quality
C 51.00 Poor quality
D 4422 Good quality
E 3946 Good quality
F 46.35 Good quality
G 4573 Good quality
H 41.21 Good quality

Figure (2): WQI values at different sampling points

4 Conclusion and Recommendations

In this study, Water Quality Index (WQI) was assessed to determine water quality at different stations within the water distribu-
tion system in Kalar. The results show that WQI classified the water distribution system in Kalar as good to poor quality based
on (WHO) standards.

As water moves away from the treatment plant in the pipes distribution system, pollutants could be presented as a result of
breaks or leaking of pipes; thus, during the high pressure contaminated pool will be formed around leaking pipes, and during
low-pressure pollutants may find their way into the distribution pipes. It is recommended that the water pipe distribution system

must be maintained periodically to minimize the risk of pollution.
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