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ABSTRACT— The health safety of the waters of the Danvali Valley and the Tigris river in Mosul city for
watering livestock and poultry were studied. Samples were collected from ten sites and at a rate of one
sample per month from October 2020 to November 2021 to measure each of the physical, chemical and
biological properties according to international standard methods with the application of the weighted sub-
index (WQI) model for water quality assessment. The results indicated that the WQI values of the valley
water increased to reach (937.9, 1198, 1146, 10386) during the winter, spring, autumn and summer seasons
consecutively. Thus, the waters of the valley and the Tigris River are from the category of water unfit to
very poor for watering livestock and poultry. The deterioration in quality is mainly attributed to the high
organic load of the waters of the valley and the Tigris River, which amounted to (8-19.2) (2.7-12.2) ppm, as
well as the number of faecal coliform bacteria ranged between (158-778) and (146-777) cells. 100 ml™
consecutively. The study recommended not to use water for irrigation of livestock and poultry because of its
negative impact on animal health and productivity.

KEYWORDS: Aldanvali valley Sub-Index WQI, Livestock watering.

1. INTRODUCTION

Water is a blessing from God on creatures for its vital role in the activities that occur inside the bodies of
living organisms [1], so a good quality of water must be provided for livestock watering in order to
maintain the health and productivity of livestock and poultry (production of meat, milk, eggs, etc.), as well
as its importance for growth, lactation and reproduction. Unfortunately, the belief There is a common
mistake among citizens, especially third world countries, that animals can drink any kind of water, even
polluted ones. But the shocking fact is that it prefers clean and healthy water and is averse to drinking poor
quality water, but it is forced to drink poor quality water when thirsty and the lack of clean water to meet its
water requirements, which negatively affects its health and productivity [2], [3].

Relatively cold drinking water plays a role in relieving the heat pressure of the bodies of livestock and
poultry, especially during the hot months of the year, as well as the processes of water evaporation from the
skin or through the breathing process, which moderates the body heat and maintains livestock activities. As
for high salinity water, it negatively affects health and productivity. Animals are in addition to the various
dangerous diseases that they infect [4], as the rate of increase in production reaches 23% for animals
irrigated with pure water compared to animals that drink salt water [5], and turkey is one of the most
affected poultry High salinity of drinking water.

In general, the amount of water needed by livestock varies according to the following factors [6]:

1- The size and enormity of the animal.
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2- Amount of feed handled.
3. Growth stage and age of the animal.
4. Air temperature.

The consumption of poor quality water by animals will lead to disease while reducing their feed intake and
thus reducing their productivity of meat, milk and eggs, which negatively affects the profits of breeders as
well as the national economy [7], [8]. For example, high levels of sulfates, specifically magnesium sulfate
salts, in Livestock water lead to diarrhea and a lack of desire to drink at first, but the effects (MgSO.,) are
exacerbated to more serious, such as paralysis of young calves because sulfate ions in the presence of
copper and molybdenum ions lead to the occurrence of reactions that ultimately lead to brain damage in
animals [4]. As for contamination with microbial pathogens, it has a significant impact on the health of
livestock and poultry and its infection with diseases that can be transmitted to humans through infected
animal products. Generally, drinking clean and healthy water increases its resistance to diseases, so breeders
must provide clean water and, when necessary, treat contaminated water because processing costs are
recovered by increasing production in a short time [6], [9], [10].

2. Materials and Methods

2.1 General description Location of the Study

Al-danvali valley is one of the natural valleys to transfer rainwater to the Tigris river. with the passage of
time and the expansion of Mosul city with neglect and lack of application of deterrent laws, the local
residents dumped wastewater into the valley instead of discharging it to septic tanks, bringing the valley
discharge rate between (134.04 to 154.6) m® per minute, which reflects negatively on the Aquatic
Ecosystem of the Tigris river. As the valley transfers waste water from Al-Khadra, parts of the Aden, Al-
Bakr quarters, the left side industry, Al-Ghufran quarter etc. The valley passes through agricultural lands
whose water is used to irrigate crops and watering animals sometimes until it meets the Tigris river, south
of Mosul city.

2.2 Methodology

10 sites were selected to collect water samples (7) of them on the valley, the rest on the Tigris river) using
clean polyethylene bottles and sterile vials for microbial assays, to measure the physical properties
(temperature, salinity) and chemical (pH, total hardness, alkalinity, dissolved oxygen, organic ion load,
positive and negative ions, with bacterial tests conducted based on international standard methods [11],
[12]. Table (1) and Figure (1) shows the characteristics and locations of collecting water samples.

2.3 Determination of Sub-Index (WQI)

The Weighted Sub-Index (WQI) model was used on eleven parameters to determine the degree of pollution
and the suitability of the waters of the valley and the Tigris river in the study area for watering livestock and
poultry, as indicated by [13- 15], where a weight (wi) is given for each characteristic (1-5) according to the
degree of its impact on

Table (1) Characteristics of the study area and water sample collection sites

Station Latitude Longitude | Altitude (m) Uses
1 36°35'58" 432092 265 _— = =
5 O N < =
2 36°3634 432101 265 T S 2359
3 36°3522 431991 2600 p< =8 3
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4 36°3520 431966 260
5 363458 431973 255
6 363346 431843 252
7 363257 431727 238
8 363260 431685 233
9 363186 431730 226
10 363178 431731 226

Figure (1) A satellite image of the sites for collecting water samples

water quality. For example, the weight is given to potassium ions 1 because their concentration in the

studied water is relatively low, while the weight is given 5 for faecal bacteria as shown in the table (2)

The value of the WQI index is estimated by calculating the relative weight (RWi) first, then calculating the
Quality rating (QRi), then calculating the Sbi sub-index, and finally, the value of the water quality index is
estimated as in the following equations [14- 16]:

. wi
RWI = m

Table (2) the weight (wi) and relative weights (Rwi) of the studied
parameters to estimate (WQI).

Param. S. limit wi Rwi
TC® 20-28 3 0.07317
PH 6-8.5 4 0.09756
ECoxs 1000 5 0.12195
DO 5 5 0.12195
BODs 5 5 0.12195
T.Alk. 820 2 0.04878
Na* 300 3 0.07317
K* 20 1 0.02439
POy 2.15 4 0.09756
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SOs 300 4 0.09756
F.coli 100 5 0.121950
> 41 1.000000
. Ci
QRi=— Xx 100
] Stl_ ]
Sbi = Rwi x QRIi

Sub-index (WQI) = i, Sli

Where: Ci: parameter concentration for the studied water., Sti: The standard level allowed for each
parameter.

After that, the comparison is made with the classification of water quality that he referred to [17], [18].

Table (3) Classification of water quality according to the values of WQI.

WQI values | <50 50t0100 | 100t0200 | 200 to300 >300
Category | EXc. Good Poor Very P. Unfit
Class | 1 i v Vv

3. Results and discussion

The results shown in Tables (4,5, 6.7) indicate that the values of the water quality index (WQI) for water of
Al-danvali valley were high during the winter, spring, summer and autumn seasons, reaching 973.9, 1198,
1207, 1038, as it is considered a category of unsuitable water for livestock and poultry watering, while the
water of the Tigris river in the site (8, 10), the water quality is of a very poor category. This deterioration in
quality is mainly due to the high values of Sbi for each of the organic load, which amounted to 46.83, 46.83,
40.986, 38.66 during the study seasons, respectively, and the total

Table (4): Shi values and pollution index (WQI) for the studied water during the winter season

ites Al-danvali valley Tigris river
Paran: 1 2 3 4 5 6 7 8 9 10
T°C 3.323 | 4.085| 4.085| 4.085| 4.085| 4.085| 4.085| 3.384 | 3.567 | 3.476
PH 9.366 | 9.366 | 9.626 | 9.496| 9.366 | 9.366 | 9.366 | 10.02 | 9.756 | 10.02
EC25 8.146 | 8.268 | 8.280 | 8.134| 8.353 | 9.975| 8.610| 5.341| 6.354 | 5.524
DO 7.073 | 4878 | 6.098 | 8.049| 5854 | 7.805| 4.634| 23.66| 14.88 | 17.80
BOD 46.83 | 27.32| 2537 | 1951 | 27.32| 1951 | 2537 | 11.22| 29.76 | 24.39
TA 12.82 | 1296 | 1753 | 13.98| 1350 | 18.00 | 13.98| 9.615| 11.93 | 9.343
Na 1602 | 1.667 | 1.837| 1.650| 1.748 | 2.041| 2.081| 0.797 | 1.350 | 0.861
K 1499 | 1.138| 1.341| 1.211| 1.211| 1.378| 1.549| 0.695| 0.890 | 0.646
PO4 1774 | 2360 | 3.040 | 1.633| 5990 | 4.175| 6.307| 1.089 | 2541 | 1.180
S04 5203 | 4813 | 4.260 | 5.496| 3.772| 3.707 | 4.780| 2.383 | 3.076 | 2.387
F.CoLI 525.6 | 3585 | 709.8| 756.0| 892.7| 864.6 | 552.4]| 2085 | 279.2| 263.4
— | Value 639.2 | 4354 | 791.3| 829.2| 9739 | 9446 | 633.2| 276.7| 363.3| 339.0
g Class \Y/ \Y/ \Y/ \Y/ \Y/ \Y% \Y% \Y/ \Y% v
Status Unfit Unfit Unfit Unfit | Unfit Unfit | Unfit V.P Unfit V.P
Table (5): Shi and pollution Index (WQI) values for the studied water during the spring
.season
| “Sites__ | Al-danvali valley Tigris river
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Param. 1 2 3 4 5 6 7 8 9 10
T°C 1 2 3 4 5 6 7 8 9 10
PH 7770 | 7.622 | 7.713| 7.622| 7.805| 7.591| 7.256| 5.945| 6.646 | 6.494
EC25 9.236 | 9.106 | 9.106 | 9.106 | 8.976 | 9.106 | 9.106 | 9.756 | 9.366 | 9.756
DO 9.098 | 9.780 | 9.756 | 9.366 | 10.37 | 12.68 | 12.04 | 5.183 | 7.122 | 5.463
BOD 2439 2195| 5122 5.122| 3.415| 1.463| 3.415| 1659 | 9.024 | 12.68
TA 4390 | 45.85| 46.83| 4390 38.05| 4585 | 46.83| 6.585 | 21.22 | 19.51
Na 16.37 | 1568 | 16.64 | 16.78 | 16.84 | 18.07 | 1855 | 10.91 | 13.71 | 10.77
K 1744 | 1921 | 1.835| 1.817| 2.079| 2500 | 2311 | 0774 | 1451 0.878
PO4 1951 | 1524 | 1.646| 1646| 1646 | 2.073| 2.109| 1.128| 1.189 | 0.854
S04 1861 | 1679 | 3.494| 1039 8939 | 1470 | 13.16| 1.634| 2.904 | 1.225
F.COLI 5301 | 6.244 | 5431 | 4.618| 4.650 | 4.813| 3.740| 2.293 | 3.129 | 2.693
| Value 354.4 | 343.1| 6475| 573.3| 1198 | 1068 | 642.9| 238.8 | 413.6 | 289.8
g Class Vv Vv Vv Vv Vv Vv Y] v Vv v
Status Unfit Unfit Unfit Unfit Unfit Unfit Unfit V.P Unfit V.P

alkalinity, which reached (18.0, 18.55, 16.78, 17.18) and phosphate ions, which amounted to (17.71, 18.61,

22.28, 14.89).

The same was the case with F. Colif bacteria, where the values of Sbi reached 892.7, 1095, 1050, 956.16)
respectively. As well as a rise in the Shi values of dissolved oxygen, especially during the summer, to reach
(60.98). The same is true for the waters of the Tigris River, as the values of Shi are relatively high for most
parameters, but they are less than in the waters of the valley as shown in the tables.

Table (6): Shi and pollution Index (WQI) values for the studied water during the summer

season

ites Al-danvali valley Tigris river

Paran: 1 2 3 4 5 6 7 8 9 10
T°C 9.146 | 9.146 | 9.146 | 9.146| 9.146 | 9.146 | 9.238| 6.341| 7.256 6.86
PH 9.366 | 9.236 | 9.366 | 9.886| 9.236 | 9.236 | 9.366| 9.886 | 9.496 | 9.626
EC25 8976 | 7573 | 8915| 8951 | 9.195| 12.05| 11.73| 5.171| 6.890 | 5.659
DO 60.97 | 60.98 | 60.97 | 60.98| 60.98 | 60.97| 60.97]| 16.83 | 8.537 | 13.66
BOD 39.02 | 40.98 | 38.05| 37.07| 36.01| 38.05| 37.07]| 7.805| 17.56 | 13.90
TA 16.71 | 1439 | 15.13| 15.62| 1582 | 16.78| 16.78| 10.43| 12.07 | 10.80
Na 1.592 | 1.567 | 1.506 | 1.506 | 1.610 | 2.354 | 2.165| 0.659 | 1.207 | 0.713
K 1.951 | 1.707 | 1.707 | 1.707| 1.683| 1.890 | 2.073| 0.701 | 1.067 | 0.762
PO4 2228 | 2541 | 5990 | 7.033| 9.801| 18.79 | 19.20| 0.908 | 2.677 | 1.361
S04 5756 | 4.976 | 5496 | 3.935| 3.447| 4260 | 3.285| 2.270| 2.647 | 2.068
F.COLI 264.6 | 339.0 | 495.1| 504.9 1050 | 428.0 | 192.7| 234.1| 302.4| 189.0
— | Vvalue 440.4 | 492.1| 651.4| 660.8 1207 | 601.6 | 364.6| 295.1| 371.8| 254.4

g Class Y Y Y Y, Y, Y Vv IV Vv W

Status | Unfit Unfit | Unfit | Unfit | Unfit | Unfit | Unfit V.P Unfit | V.P

Table (7): Shi and pollution Index (WQI) values for the studied water during the autumn
season
ites Al-danvali valley Tigris river

Paran. 1 2 3 4 5 6 7 8 9 10
T°C 7.927 | 8140 | 8018 | 8.018| 7.835| 7.713| 7.835| 6.707 | 7.012 | 7.226
PH 8976 | 8.976 | 9.106 | 9.106 | 9.106 | 9.106 | 9.106 | 9.496 | 9.236 | 9.366
EC25 8.439 | 8720 | 8646 | 8512 | 8463 | 12.68| 12.06 | 4.159 | 6.463 | 5.451
DO 4146 | 4146 | 4.146| 0.976| 0.976| 0.976 | 0.976| 14.15| 8537 | 11.71
BOD 27.32 | 30.00 | 27.31| 24.63| 26.01| 20.80 | 33.66 | 9.757 | 15.93 | 13.99
TA 15.41 | 14.05| 1446 | 1473 1487 | 17.18| 16.78 | 10.09 | 10.91 | 9.956
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Na 1520 | 1.618 | 1.537 | 1.537| 1618 2.374] 2.358| 0.683 | 1.236 [ 0.756
K 2279 1.869| 1.829| 1.869| 1.869 | 2.155| 2.317 | 0.813 | 1.210 | 0.935
PO4 1489 | 0.726 | 4.946 | 5899 | 6.081| 8.123| 8.440| 0.227| 0.635| 0.454
S04 5.495 | 3.772 | 3.675| 3.317| 3.132| 3.935| 3.740| 1.551 | 2.286 | 1.880
F.COLI 547.6 | 956.1 | 4415| 751.2| 874.4| 4915| 687.8| 320.7 | 459.8 | 210.1
—| Value 644.0 | 1038 | 525.1| 829.8| 954.4 | 5765 | 7851 | 378.3| 523.2| 271.8
g Class Vv Vv Vv Vv Vv Vv Vv Vv Vv v
Status Unfit Unfit Unfit Unfit Unfit Unfit Unfit Unfit | Unfit V.P

The results of laboratory analyzes of the concentration of each of the dissolved oxygen and the organic load
shown in the two figures (2, 3) confirm the significant decrease in the concentration of dissolved oxygen in
the water of the valley, ranging from (0.0 to 3.2) mg. I to be absent in the summer in the water of the
valley, Also, its decrease in the waters of the Tigris River is less than the permissible limits for watering
livestock and poultry in site 9 as a result of the effect of the waters of the valley that flow into the river. to
raise the concentration of dissolved oxygen to the permissible limits for drinking at site 10 due to the factors
of dilution and diffusion and this is due to the high concentration of organic materials that lead to oxygen
consumption and this explains the annoying smell emanating from the valley, especially during the summer

[18].
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Figure (2): Average Do of the waters of the Danville Valley and the Tigris River for the seasons
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Figure (3): Average (BOD) of the waters of the Danville Valley and the Tigris river for the seasons

This is confirmed by the values of the BODs, whose rates ranged between (8 to 19.2) mg. I during the
study period, as well as its higher rates than the permissible limits in the waters of the Tigris river at site 9
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and 10, reaching (12.2 to 10.0) mg. I"* liter respectively due to the effect of the water of the valley.

Also, the relative increase in the concentrations of the total alkalinity of the valley water during the winter,
spring, summer and autumn seasons, as shown in the figure (4) to reach (205 + 14.05, 272 + 37.5, 246 +
33.4, 246 + 11.5) mg. I respectively, and this increase in concentration is due to the processes of biological
decomposition by microorganisms of organic compounds to form organic acids and carbonic acid, which
dissolves carbonate salts in the valley, which increases the alkalinity of water as in the following equations
[8], [19], [20]:

4CH3COOH + 8H ————» 5CH4 + 3CO2 + 2H20
i Microorganisms . .
Organic +O, —— > Organic Acid + H,CO3 ++

CO2 + HLO ———H>CO3
H2CO3+CaC03|—Ca(HCOs3)

M winter Bspring @summer Bautumn

300 o

250
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150

T.Alk

100
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1 2 3 4 5 53 7 3 9 10
site

Figure (4): Average T. Alkalinity. of the waters of the Danville Valley and the Tigris River for the seasons
(ppm).

Since the pH values in the studied water did not exceed 8.3 shown in Figure (), the causes of alkalinity in
the studied water are (HCOs3) bicarbonate ions [10]. It is also noted from the figure that the range of
fluctuations in the values did not exceed (0.7) as a result of For the high buffer capacity of Iragi water [21].

mwinter Mspring ®Msummer Bautumn

7.8
7.6

7.4
7.2 A

pH

6.8 A

6.6 -

6.4 -

site

Figure (5): Average pH values of the waters of the Danville Valley and the Tigris River for the seasons
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As for the high temperature, it gives the water an undesirable taste and smell in addition to increasing the
growth of bacteria and microbes, which negatively affects the water quality [22]. The rates shown in Figure
(6) indicate that the average temperature was relatively high most of the study period to exceed the
permissible limits for drinking by 75% of the studied samples except for the winter season, which
negatively affects the activity and grazing of livestock and poultry, which affects their productivity
(Schroeder, 2015). This rise is due to the influence of climatic factors and the oxidation-reduction reactions
that occur in the water of the valley, while the temperature of the Tigris river water in the study area was
relatively low and within the permissible limits for the drinking of animals due to the drainage of the sub-
water of the Mosul Dam lake [23].

m winter M spring summer M autumn

temperture

1 2 3 4 5 6 7 8 9 10

Figure (6): Average temperatures of the waters of the Danville valley and the Tigris river for the seasons

As for the average electrical conductivity values, they did not exceed (1040) uS. cm™ during the four
seasons, while they were relatively few in the waters of the Tigris river as in Figure (7). This rise in values
is due to the discharge of sewage water. High salinity levels increase oxidative stress, which leads to
damage and reduced male reproductive performance. In addition, it increases inflammation, which
promotes inflammation of the placenta, and has a harmful effect on pregnancy by affecting the transfer of
nutrients to the fetus [24].

Finally, the results of contamination with fecal coliform bacteria shown in Figure (8) indicate that the
numbers of numbers in the waters of the valley ranged between (195 to 898) x 10° cells. 100 ml* due to the
discharge of domestic wastewater into the valley.

It is also noted that the number of fecal bacteria in the waters of the Tigris river at site 9 increased by
between 29 to 43 % compared to site 8 (a comparison site) as a result of the effect of the Danville valley
waters on the river, which indicates the possibility of the presence of bacterial pathogens such as
(pathogenic strain) E. coli Salmonella spp., Campylobacter), viral (Hepatitis A, Hepatitis E) and parasite
(Cruptoridium, Giardia).
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m winter M spring summer ™ autumn

1200

EC25

Figure (7): Average (EC2s) of the waters of the Danville Valley and the Tigris River for the seasons (uS.
cm?).

These pathogens may be transmitted to humans by consuming infected animal products. Watering animals
with clean water increases their resistance to diseases and their productivity [10], [25]. In general, the
studied water is not suitable for drinking livestock and poultry in its current condition.

B Winter M Spring = Summer M Autumn

900
800
700
600
500
400
300
200
100

F. coliform

Figure (8): Average number of F. coliform bacteria of the waters of the Danville valley and the Tigris river
for the seasons (x10°cell. 100 ml™).

4. Conclusions and Recommendations
The results of the water quality index for the Danville valley and the Tigris river in Mosul city for watering
livestock and poultry showed that all the studied water are from the category of water that is not suitable to
very poor for watering, as a result of low dissolved oxygen and its absence in the summer, which leads to
changing the paths of biological decomposition and the formation of harmful substances for animals and the
aquatic environment. With high concentrations of most of the studied parameters, especially the organic
load, total alkalinity, microbial contamination, etc., which affects the health and productivity of livestock
and poultry, and the effects are more on poultry chicks. Therefore, we recommend not to use these sources
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and use pure and treated water to protect livestock and poultry and increase the economic returns for
farmers.
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