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Abstract

In this research, the water quality of the potable water network in
Al-Shuala Baghdad city were evaluated and compare them with the
Iraqi standards (IQS) for drinking water and World Health
Organization standards (WHO), then water quality index (WQI) were
calculator: pH, heavy metals (lead, cadmium and iron), chlorides,
total hardness, turbidity, dissolved oxygen, total dissolved solid and
electrical conductivity. Water samples are collected weekly during
the period from February 2015 to April 2015 from ten sites. Results
show that the chlorides, total dissolved solid and electrical
conductivity less than acceptable limit of standards, but total
hardness and heavy metals in some samples higher than acceptable
limit of standards while the other parameter is good. WQI shows that
results is excellent and good for drinking for all location and months
except site (2) gave higher value (65.184) in March and site (9) gave
high value (57.78, 57.23) at March and April indicate that sites is
poor for drinking water.
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Introduction
Water is essential for the survival

Industrial activities, etc.

[1, 2]. In

of any form of life. Water scarcity is
increasing worldwide and pressure on
the existing water recourses 1is
increasing due to the growing demands
in several sectors such as Drinking,
Bathing, Showering, Agriculture, and
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general, the quality of water is equally
important as the quantity. Therefore,
water quality is considered as an
important factor to judge environment
changes which are strongly associated
with social and economic
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development[3]. Drinking water is
considered as one important topic that
has been received a great attention due
to the high demand of human
consumption used daily [4] and is
defined as having acceptable quality in
terms of physical, chemical, and
biological parameters so that it can be
safely used for drinking, cooking and
other domestic applications[5]. Some
of potable water have become
contaminated and that is due to the
growing of  population, which
increased the economic activities and
industrialization, as a result of that,
many researchers have studied to
evaluate the performance of the water
treatment plants and on how to
improve the quality of drinking
water[6]. One of the simplest methods
to assess water quality conditions is by
using Water quality index (WQI) is a
numeric expression used to depict the
overall water quality status in a single
term which represents the water quality
level,that 1is helpful for selecting
appropriate treatment technique to
meet the concerned issues [7,8].

The aim of this search is to
evaluate the water quality of the
potable water network in Al-Shuala
Baghdad city and compare them with
the Iraqi standards and World Health
Organization standards (WHO) for
drinking water then calculate Water
quality index by measurement: pH,
heavy metals (lead, cadmium and
iron), chlorides, total hardness,

turbidity, dissolved oxygen tota

Fig. 1: Sampling sites in Al-Shuala Baghdad cify.
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dissolved  solid and  electrical
conductivity.
Materials and methods
1. Study area

The study area is located in Al-
Shuala city in the North- West part of
Baghdad Iraq,This city characterized
by high population density Fig. 1.
2. Data collection and analysis

A total of about 130 water samples
were collected in pre cleaned plastic
bottles of 2 liters and were analyzed
for water quality parameters .Water
samples are collected weekly from ten
sites in Al-Shuala Baghdad city as
shown in Fig.1, during period extended
from the February 2015 to April 2015.
In this study, evaluate the water quality
index of the potable water network
were chosen ten parameters namely:
pH, heavy metals (lead, cadmium and
iron), chlorides, total hardness,
turbidity, dissolved oxygen, total
dissolved  solid and  electrical
conductivity. pH , total dissolved solid
and electrical conductivity were
determined with portable Multi-meter
ISOLAB, turbidity was measured by
turbidity meter(Thermo Orion
AQ4500), dissolved oxygen was
measured by Lovibondmeter (senso
direct oxi 200),chloride and total
hardness  were  determined by
titrimetric method [9] and  heavy
metals (lead, cadmium and iron) were
analyzed by  flameless  atomic
absorption spectrometry (Shimadzu
AA-6300).
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3. Calculations of the WQI

WQI indicates the quality of water in
terms of index number, which
represents overall quality of water for
any intended use. It is defined as a
rating reflecting the composite
influence of different water quality
parameters [10, 11]. WQI of drinking
water was calculated considering ten
important physic-chemical parameters
using WHO and the Iraqi standards
(IQS) for drinking water. For
calculating WQI, the following steps
were used:

In the first step, unit weight (Wi)
for various parameters is inversely
proportional to the recommended
standard (Vs) for the corresponding
parameter. W; values were calculated
by using the following formula [12,
13]:

K

1
K=— 2
DS @

where K = proportionality constant, Vg
= world- widely accepted drinking
water quality standard. The constant of
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)

While, the quality rating for Ph and

Dissolved oxygen (Qpupo) Wwas
calculated on the basis of

— (Va _Vi)
Qpnpo = 100 | 20 ©

where, V, = value of the water quality
parameter obtained from the laboratory
analysis.
V; = the ideal value of pH considered
as equal to 7.00 and for DO
considered as equal to 14.6 (mg/1) [15].
Vs = value of the water quality
parameter obtained from recommended
standard of corresponding parameter.
This equation ensures that Qi = 0
when a pollutant is totally absent in the
water sample and Qi = 100 when the
value of this parameter is just equal to
its permissible value. Thus the higher
the value of Qi is the more polluted in
the water, Table 1 shows the water
quality index scale. Then, the overall
WQI was calculated on the basis of
weighting and rating of the different

proportionality K in the above equation physicochemical ~ parameters,  as
can be determined from the following follows [14, 16]:
formula [7, 14]: '
In the second step, Quality rating (Qi) wQI = Y21 W;Q; (5)
is calculated as
Tablel: Water guality index scale.

WQI 0-25 26-50 75-51 76-100 >100

Wat§r Excellent Good Poor Very Poor Unsuitable

Quality

Results and discussion
1- Results and discussion of physical-
chemical parameters

The physical and chemical
parameters of analyzed drinking water
is summarized in Table 2-11 at ten
sites in Al-Shuala Baghdad city and in
Figs. 2-11 Compares between month
we took average value of parameter in
each month. pH: The results show that
some values of pH are within the
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maximum permissible limit of WHO
and IQS standards and slightly higher
in other values than WHO and IQS
standards, reaching the highest value
8.66 in site 10 and the lowest value
7.71 in site 8.Gradually pH decreasing
from month February to April (2015)
as it is shown in Fig. 2. Turbidity and
Dissolved Oxygen: Table3 and 4 and
Fig. 3 and 4 show that all the turbidity
and dissolved oxygen values were
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good and bellow the upper acceptable
limit, reaching the highest value of
turbidity 1.15(NTU) in site 7 and the
lowest value 0.11(NTU) in site 6 and
for dissolved oxygen the highest value
2.95 (ppm) in site 3 and the lowest
valuel.6 (ppm) in site 9. Chlorides:The
result in Table 5 and Fig.5 shows low
concentration of chloride element in
some samples less than acceptable
limit of WHO and IQS standards,
reaching the highest value of chloride
320 (ppm) in sitel0 and the lowest
value 80.25 (ppm) in 1. Total
Hardness: The results in Table 6 and
Fig.6 showed that the values ofTotal
hardness in Februaryhigher in some
values than WHO and 1IQS
standardsand reach the acceptable limit
in March and April (2015), the highest
value of Total hardness 650 (ppm) in
site 2 and the lowest value 150 (ppm)
in site 8. Total dissolved solid and
electrical conductivity: The result of
these parameters in Table 7 and 8 and
Fig. 7 and 8 shown relatively low for
Total dissolved solid and electrical
conductivity than acceptable limits

Zainab Bahaa Mohammed, et al.

values except two point for Total
dissolved solid in site 1 and 2 in
February they reached the acceptable
limits. The highest value of Total
dissolved solid 520 (ppm) in site 1 and
the lowest value 344 (ppm) in site 4,
and for electrical conductivity the
highest value 773 (uS/cm) in site 1 and
2 and the lowest value 605 (us/cm) in
site 5. Heavy metals: Tables
(9,10and11) and Figs. (9,10andl1)
show that the results of heavy metals,
Cd and Pb in February Cd and Pb in
February showing good result they
didn't give any concentration in
drinking water, in march and April the
results showed that drinking water
samples in site 2, 4 and 9 for Cd and
site 1, 2, 4 and 9 for Pb have higher
concentration than that recommended
by WHO and IQS standards. The
highest value of Cd is 0.00912 (ppm)
in site 2 and for Pb is 0.0806(ppm) in
site 1.The higher concentrations of Fe
shown in most sample especially in
site 9 And in February reaching the
highest value 3.78 (ppm) in site 9.

Table 2: pH values.

Site 1/2 8/2 | 152 | 22/2 | 1/3 8/3 | 15/3 | 22/3 | 29/3 | 05/4 | 12/4 | 19/4 26/4
1 835 | 82 | 824 | 8.13 8 8.07 | 82 [ 822 ] 816 | 83 | 829 | 8.15 8.11
2 8.33 | 821 | 8.16 | 8.08 | 8.03 | 8.05 | 811 | 814 | 8.12 | 8.09 | 8.03 8 7.82
3 8.51 | 8.42 | 8.22 | 8.05 | 8.02 8 79 | 812 | 82 | 8.06 | 8.09 [ 8.1 7.89
4 8.43 | 8.33 | 8.25 | 8.01 8 |803]804| 79 8 8 |[793]788 | 7.84
5 8.56 [ 838 | 82 | 812 | 802 | 802 | 8.03 | 8.05 (| 82 | 803 | 79 | 7.87 7.84
6 85 | 8421833 | 831|835 | 83 | 823 (821|817 | 81 | 791 | 79 7.8
7 845 | 835|833 | 838 | 837 | 828 | 824 | 823 | 8.2 8 7.88 | 7.86 7.91
8 838 | 84 [ 832 | 836|842 | 843 | 84 | 837 | 818 | 797 | 789 | 7.8 7.71
9 844 | 841 | 838 | 838 | 836 | 831 | 827 | 825 | 8.04 | 7.88 | 7.81 | 7.76 7.68
10 839 | 84 [ 843 | 85 | 8.66 | 856 | 845 | 84 8.1 79 | 7.86 | 7.83 7.8
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Table 3: Turbidity values in Nephelometric Turbidity Unit (NTU).

Site | 1/2 | 8/2 | 15/2 | 22/2 | 1/3 8/3 | 15/3 | 22/3 | 29/3 | 05/4 | 12/4 | 19/4 | 26/4
1 022 (02 |023[025]033 |024[022]021 [02 |023[021 |02 |0.21
2 0.19 {02 |0.17 [ 026 | 041 |034[029]024 (02 |0.19 [0.23]|021 |0.18
3 0.36 | 0.33 | 0.35 | 0.33 | 0.351 | 0.29 | 0.32 | 0.34 | 0.31 | 0.32 | 0.32 | 0.33 | 0.36
4 0.22 | 0.18 1 028 1 032 1 037 |0.29 | 0.23 |10.19 | 0.25 | 0.22 | 0.16 | 0.16 | 0.18
5 0.29 | 0.28 | 0.25 | 0.27 | 0.25 0.25 {027 {029 [ 0.27 | 0.28 | 0.29 | 0.28 | 0.27
6 0.12 | 0.11 | 0.14 [ 0.14 | 0.15 [ 0.13 | 0.15 | 0.14 | 0.12 | 0.12 | 0.11 [ 0.15 | 0.2
7 038 | 04 | 042|044 | 045 0451043 1044 [ 041 | 045|041 | 086 | 1.15
8 0.24 | 0.28 | 0.33 | 0.35 | 0.38 04 ]038]036 037 |04 ]042 |0.39 |0.36
9 023 025103 0.32 | 0.35 0.33 [ 0.28 [ 0.3 0.27 | 0.28 | 0.27 | 0.57 | 1.12
10 0.21 [ 022 1 0.2 0.21 | 0.2 022 {023 [0.21 [0.23 [0.24 | 0.24 | 0.22 | 0.23
Table 4: Dissolved oxygen values (ppm).
Site | 1/2 | 8/2 15/2 | 22/2 | 1/3 8/3 15/3 | 22/3 | 29/3 | 05/4 | 12/4 | 19/4 | 26/4
1 216 | 222 |25 255 [ 271 | 277 | 2.63 | 235 | 2.54 | 242 | 2.83 | 2.31 | 1.98
2 1.98 | 2 2.3 229 (225126 |236 221 |233 |251 226|254 (293
3 231 | 2.14 [ 2,19 | 221 [ 228 | 232 | 255 [ 248 | 2.73 | 249 | 295 | 2.45 | 2.61
4 1.91 | 218 | 234 | 221 [2.52 | 233|239 [24 |221 | 232 (219|238 |244
5 248 | 235 [ 242 | 237 | 2.68 | 2.5 245 [ 238 | 238 | 244 | 235 |23 2.21
6 2.3 2.5 233 [ 245 | 271 | 241 (225|232 (246 | 233 |2.15 | 246 | 2.5
7 237 | 2.66 | 228 | 2.3 258 | 247 [ 2.81 | 251 245 |2.67 [291 | 252 |2.12
8 232 | 252 241 |28 273 | 241 |25 249 237 | 222 |25 231 | 242
9 1.6 1.98 | 2.21 [ 2.51 | 278 | 2.5 232 (237 | 222 | 1.98 | 242 |2.27 |2.14
10 2.86 | 2.7 2.68 | 2.54 | 2.7 243 [ 235 (248 | 227 |23 225 (228 |23
Table 5: Chlorides values (ppm).
Site | 1/2 | 8/2 | 15/2 | 22/2 | 1/3 8/3 | 15/3 | 22/3 | 29/3 | 5/4 | 12/4 19/4 | 26/4
1 165 | 145 | 130 | 112 | 80.25 | 88 96 112 | 120 | 118 | 111 133 | 164
2 125 | 136 | 140 | 112 | 80.5 | 125 | 138 | 143 | 145 | 138 | 151 177 | 273
3 275 | 250 | 217 | 142 | 135 156 | 178 | 241 | 255 | 271 | 297 | 230 | 223
4 100 | 110 | 115 | 100 | 100 120 | 119 | 122 | 138 | 165 | 198 187 | 164
5 170 | 156 | 141 | 120 | 115 127 | 121 | 136 | 150 | 143 | 149 165 | 189.5
6 275 | 230 | 250 | 248 | 280 267 | 190 | 164 | 142 | 130 | 112 178 | 263
7 175 | 180 | 210 | 254 | 275 260 | 233 | 220 | 246 | 254 | 268 241 | 200
8 225 | 218 | 220 | 251 | 273 255 | 247 | 216 | 210 | 169 | 198.5 | 151 | 149
9 200 | 210 | 230 | 225 | 250 235 | 228 | 231 | 229 | 218 | 223 211 | 198.5
10 | 320 | 284 | 278 | 255 | 245 | 267 | 285 | 281 | 279 | 284|273 | 278 | 288
Table 6: Total Hardness values (ppm).
Site | 1/2 | 8/2 | 15/2 | 22/2 | 1/3 | 8/3 | 15/3 | 22/3 | 29/3 | 05/4 | 12/4 | 19/4 | 26/4
1 330 | 400 [ 375 | 390 | 410 | 378 | 350 | 365 |315 |[320 | 312 | 325 | 300
2 650 | 520 | 555 | 530 | 550 | 480 | 445 |[365 |300 |275 |255 |210 |200
3 550 | 530 | 575 | 550 | 600 | 555 | 400 | 310 | 288 |265 |255 | 275 |250
4 400 | 555 | 500 | 520 | 565 | 520 | 475 |430 | 465 |410 |350 | 310 |275
5 340 | 350 | 380 | 365 | 400 | 380 | 335 | 365 |[310 | 312 | 320 | 255 | 215
6 550 | 600 | 565 | 580 | 600 | 576 | 522 | 435 |375 | 200 |216 | 230 | 255
7 350 | 370 | 330 | 350 | 400 | 365 | 315 |382 |357 | 400 |[370 |220 | 175
8 450 | 480 | 475 | 455 | 487 | 458 | 400 | 410 | 370 |325 |275 |210 | 150
9 400 | 550 | 520 | 500 | 550 | 466 | 420 | 380 | 315 |[275 |230 | 250 | 200
10 | 640 | 580 | 600 | 625 | 580 | 555 | 500 | 450 | 375 |[210 | 185 |200 | 175
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Table 7: Total dissolved solid values (ppm).

Zainab Bahaa Mohammed, et al.

Site | 1/2 | 82 | 152 [22/2 |1/3 |83 | 15/3 |22/3 |29/3 | 5/4 | 12/4 | 19/4 | 26/4
1 472 | 471 | 490 | 482 | 502 | 497 [ 475 | 460 | 463 |448 | 436 | 447 | 457
2 510 | 508 | 501 490 | 499 | 481 | 489 | 466 |460 | 461 | 429 | 448 | 465
3 400 | 405 [ 404 | 415 | 413 | 410 | 432 | 439 | 447 | 440 | 444 | 451 466
4 474 | 434 | 432 | 376 | 344 | 386 | 406 | 432 | 436 |437 | 435 |445 | 472
5 450 | 444 | 424 | 406 | 398 | 408 | 423 | 427 | 430 |451 |442 |452 | 466
6 434 | 436 | 446 | 456 | 461 | 450 | 455 | 448 | 452 | 451 | 444 | 459 | 469
7 436 | 435 | 415 | 423 | 400 | 423 | 432 [ 435 |[444 | 447 | 448 | 447 | 448
8 440 | 438 | 444 | 425 | 410 | 437 | 434 | 446 | 443 | 445 | 442 | 448 | 463
9 440 | 438 | 452 | 453 | 470 | 454 | 448 | 451 443 | 438 | 436 | 460 | 465
10 | 448 | 447 | 455 | 460 | 458 | 454 | 452 | 455 | 454 | 452 | 449 | 454 | 462
Table 8: Electrical conductivity values (us/cm).
Site | 1/2 |82 | 15/2 [22/2 [ 1/3 |83 | 153 |22/3 |29/3 |5/4 | 12/4 | 19/4 | 26/4
1 716 | 725 | 765 743 773 | 766 | 732 | 708 | 713 690 | 662 | 689 | 693
2 773 | 771 | 761 745 | 758 | 730 | 743 708 | 699 | 700 | 651 680 | 705
3 606 | 615 | 613 630 | 627 | 622 | 655 666 | 678 666 | 675 684 | 706
4 721 | 661 | 665 558 524 | 587 | 618 | 657 | 663 665 | 661 676 | 717
5 682 | 676 | 645 618 | 605 | 621 | 643 650 | 653 687 | 671 687 | 709
6 660 | 664 | 678 694 | 702 | 685 | 692 | 681 688 687 | 672 | 698 | 712
7 662 | 661 | 632 | 643 607 | 644 | 657 |[662 | 676 | 680 [ 679 | 680 | 681
8 667 | 676 | 680 [ 646 | 624 | 665 | 661 678 | 674 | 677 | 670 | 681 703
9 666 | 687 | 700 | 689 | 714 | 690 | 682 | 686 | 674 | 666 | 662 | 700 | 707
10 680 | 692 | 688 [ 700 |[697 | 691 | 687 | 692 | 690 | 688 | 681 690 | 700
Table 9: Cd values (ppm).
site | 1/2 | 8/2 | 15/2 | 22/2 | 1/3 | 8/3 | 15/3 22/3 29/3 | 5/4 12/4 19/4 26/4
1 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0.00912 0 0 | 0.0009 0 0.001128
3 ]01] o0 0 0 0| 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0.0038 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 0
6 | 0] O 0 0 0| 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0.0077 0 0 0 0 0.0088
10 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 10: Fe values (ppm).

site | 1/2 | 8/2 | 15/2 | 22/2 | 1/3 | 8/3 | 15/3 | 22/3 29/3 | 5/4 | 12/4 19/4 | 26/4

1 0 0 0 0 0 0 0 0.0538 |0 0 0 0 0.0806

2 0 0 0 0 0 0 0 0.04 0 0 0.0134 [0 0.0134

3 0 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0.0007 [ 0O 0 0 0 0.08

5 0 0 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 |0 |oO 0 0 Jo |o 0 0 0 |0 0 0

9 0 |0 |oO 0 0 Jo |o 0.0403 | 0 0 |0 0 0

10 |0 [0 O 0 0 Jo |o 0 0 0 |0 0 0
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Table 11: Pb values (ppm).

site 1/2 8/2 | 1512 | 22/2 1/3 8/3 15/3 22/3 | 29/3 5/4 12/4 19/4 26/4

1 0 0 0 0 0 0 0 0 0 0 0 0.0595 0

2 100905 | 0 0 0 0 0 0.0643 | 0.159 0 0 0 0.0255 0

3 0 0 0 1.0402 | O 0 0 0.1035 0 0 0 0 0

4 0 0 0 0.0905]| 0 0 0 0.0007 0 0 0 0 0

5 0 0 0 0 0 ]0.0084 | 0.0876 | 0.0671 0 0 0 0.0312 | 0.0454
6 0 0 0 047741 0 0 0 0.0895 0 0 0 0 0

7 0 0 0 0 0 0 0 0.0531 0 0 0 0 0

8 0 0 0 0 0 0 0 0.1147 0 0 0 0 0

9 1.005 [ 1.08 10932 | 3.78 [ 0.15] 0.0895 | 0.9087 | 0.2629 | 0.095 | 0.9844 | 0.1844 | 0.5642 | 0.2241
10 0 0 0 0.0266 | O 0 0 0.0895 0 0.0531 | 0.0057 [ 0.0056 | 0.0255

IIIIIIIIJ

Fig. 4: DO values.

Fig. 6: Total Hardness values. Fig. 7:Total dissolved solid values.
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Fig. 8: Electrical Conductivity values.
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Fig. 10: Pb values.

2- Water quality index (WQI)

The physico-chemical parameters
with their WHO and 1QS standards,
and weights are listed in Table 12. The
water quality index that were found in
three different months for ten sites
have been represented in Table 13 and
Fig. 12. From the comparative analysis
of WQI wvalues for all sampling
location in both Months it was
observed that The WQI in site (1, 3, 4,
5,6,7,8 and 10) various between
Excellent and good for drinking water,
for site 2 Showed the higher value

Zainab Bahaa Mohammed, et al.

0.0025

——Febraury
—#—March

April  0.002

0.0015

I
Cd(PPmﬂlml /\
A

——
5 5 9 10
Site
Fig. 9: Cd values.
3
—4—Febraury
h 25
o A
2

Fe (ppm) 15

[\
: // \\

9

Site

Fig. 11: Fe values.

(65.184) in March than other sites and
months which imply that the water in
this month is poor for drinking and for
Site 9 Gave WQI variation ranged
from lower value (3.1358) at February
and higher values (57.78 and 57.23)
at March and April and classify from
excellent to poor water quality for
drinking. The values of WQI indicate
that site 2 and 9 should practice more
efforts in controlling of treatment
systems.

Table 12: The physico-chemical

arameters with WHO and 1QS standards.

Parameter 1QS,2001 WHO Weight of the factor
PH 6.5-8.5 6.5-8.5 0.0002691
Dissolved Oxygen( DO) ppm 5 5 0.00046
Turbidity (NTU) 5 5 0.00046
Chloride (Cl) ppm 200-600 250 0.0000092
Total hardness as CaCO3 ppm 100-500 500 0.0000046
Electrical conductivity (EC) uS/cm 1000 1500 0.0000023
Total Dissolved Solid(TDS)ppm 500-1000 1000 0.000004574
Iron(Fe) ppm 0.3 0.3 0.007623333
Cadmium(Cd)ppm 0.003 0.003 0.762333333
Lead(pb)ppm 0.01 0.01 0.2287
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Table 13: The water quality index.

Site WQI, February WQI 2,March WQI 3,April
1 0.0839 24.77 46.2
2 0.66 65.184 28.301
3 0.748 0.0787 0.0804
4 0.66 19.42 45.82
5 0.0853 10.6 0.127
6 0.391 0.1076 0.0777
7 0.087 0.141 0.082
8 0.086 0.1513 0.0785
9 3.1358 57.78 57.23
10 0.103 0.13 0.135
Total 6.04 178.3626 178.1316
. \ /N -
- %\‘/ - - -1-\—\"*; > = —

-]
e

Fig. 12: The water quality index.
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