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Abstract

Polluted tap water with coliform and fecal bacteria produced from the
desalination plant of Hawija district/Kirkuk governorate was studied from
November 2021 Until April 2022. Ten sites located on Hawija district
named 1-10 were selected in this study on the feeding channel, the
desalination stages plant and the distribution grid in the district. Total
bacterial count and values of coliform cells per 100 ml of water sample
was examined. The results of the study indicated that the filtration plant
was operating with high efficiency in removing bacterial contaminants
in most sites after desalination plant. Sites 5,6 recorded undictable
average values and site 9 recorded lower average values (8.33 cell/100
ml) respectively. The study also showed that the distribution grid
is weak because the obsolescence of the pipes in some residential
neighborhoods with average coliform values 17cell/100 ml and 17.17
cell/100 ml in sites 8 and 7 respectively as contamination was recorded
in some selected water samples. In reference to the results of the station
operates with high efficiency and the tap water produced from it was
within the Iraqi and international standards for drinking water.

1. Introduction:
Water is the basic component of life around the globe,

and there is no life without water [1]. It is a blessing from
God’s blessings to all creatures for its vital role in the metabolic
and biological activities of living organisms, especially human
life [2]. Water constitutes about 70% of human’s body [3]. It
is currently threatened by many pollutants that threaten the
lives of all living creatures due to human, industrial and agri-
cultural activities which pollute wide range of water resources
in the world [4]. Although Iraq possesses many water bodies
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and groundwater resources, there is an urgent need for safe
drinking water to overcome shortage water supply facing the
world including Iraq due to lacking of rain which suffers from
a lack of rain, Also, the water level of the Tigris and Euphrates
rivers drops as a result of building dams in the neighboring
countries [5]. Sewage pollution (dumping of raw sewage into
rivers without proper management) represents global issue
facing several countries. This leads to a Deterioration of water
quality and increase the infection risk [6]. At the present time,
the need for fresh water has increased, as about one-fifth of
the world’s population lacks access to drinking, healthy and
safe water due to the lack of adequate wastewater treatment
systems for 50% of the world’s population, especially in de-
veloping countries [7]. In these countries, 95% of wastewater
are discharged directly into water sources without any treat-
ment, which negatively affects the health of consumers by
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transferring diseases to them from the water such as cholera,
hepatitis, shigellosis, typhoid and bacterial diarrhea [8]. Re-
ports indicate that three million deaths are reported annually
in the world as a result of the use of non-potable water [9].
Therefore, efforts must be increased to protect Iraqi water
resources from pollution and activate deterrent environmental
laws while continuing to conduct continuous studies of drink-
ing water sources to take what is necessary when there is a
problem. There are many studies[5] [6][10] [11] in Iraq on
the drinking water index, the results showed that the water
quality values are ranged from non-potable water to excellent.
The water quality became worse because of fecal coliform
bacteria contamination which amounted to ¡16 cells/100 ml to
800 cells/100 ml [12]. The argument for establishing filtration
plants is to provide water suitable for daily uses, as it is noted
that filtration plants are located on both sides of rivers [13].
Also, these plants are weak in many characteristics, including
production capacity and additives in terms of quantity and
quality, and all these characteristics affect the efficiency of the
stations [14].

Many transactions are conducted on water at the stations
to clean it from pollutants, where many chemicals are added
to ensure that it is clean from impurities, bacteria and other
microorganisms present in the water that transmit diseases
to humans until it becomes fit for daily use [15]. Raw water
treatment projects mast evaluated stages and tools to remove
the pollutants from it [10]. Our study aims to determine the
efficiency of the Hawija district desalination plant in produce
unpolluted tap water with coliform bacteria.

2. Materials and Working Methods:
The Hawija district water project was established in 1983,
and in 2008 a new project was built near the old project with
a capacity of 4000m3/h. The project is fed with raw water
from the Hawija district stream, which branches from the
Lower Zab River. The length of the stream reached 26 km
and considered the main source of water in Hawija district.
The desalination project was built at a distance of 50 m from
the stream.

The desalination project consists of units that were used as
sites for the current study. Ten sites were selected within the
study area in Hawija district-Kirkuk governorate, where these
sites were distributed on each of the feeding canal (within
the district of Hawija), Hawija water purification project and
drinking water distribution grid in the residential neighbor-
hoods of the district.

2.1 Sample Collection:
Water samples were collected to conduct bacteriological tests
from the study site on a monthly basis for a period of 6 months,
starting from November 2021 to April 2022. Raw water
samples were collected by sterilized airtight bottles, each of
which has a capacity of 250 ml, and placed in the used bottles

for bacteriological examination. The water samples were
treated with 0.1 ml of sodium thiosulfate solution to remove
the effect of chlorine. Raw water samples were collected
from the river at a depth of approximately 10-20 cm. The
samples package after placing it against the direction of the
water current and filled to 200 ml and then closed with a plug
under water. Samples were collected from the following sites:

1. First site - represents raw water from the feeding chan-
nel, 2 km away from the station.

2. Second site - collection basin of raw water from the
river.

3. Third site - the sedimentation basins, which are 3 basins.

4. Fourth site - the class filters, which are 10 filters.

5. Fifth sites - the collection basin.

6. Sixth site - the payment pumps to the distribution grid.

7. Seventh site - the distribution grid Al-Qadisiyah district.

8. Eighth site - the distribution grid of Al-Nida district.

9. Ninth site- the distribution grid of the village of Al-Dis.

10. Tenth site - the raw water from the river 2 km after
the purification station. These sites are shown in the
Following diagram.

2.2 Tests:
Three types of tests were chosen to detect the types of bac-
teria in our study: Total Plate Count (T.P.C), Total Coliform
bacteria (T.C.B.) and Fecal Coliform bacteria (F.C) [16] [17].

3. Results and Discussion:
3.1 Bacteriological Properties:

Presence of bacteria in drinking water considers one of
the important indicators to identify the degree of contamina-
tion of all water sources with aerobic, facultative and non-
aerobic bacteria and it was bioindicator for organic pollution
[18] [19].

3.2 Total Bacterial Count:
The results of the study shown in Table 1, where the

highest value was recorded in sites 4 and 3, was 120 cells/100
ml in November 2021, February and April 2022. These sites
were both sedimentation basins and filtration filters which are
considered the beginning of water treatment operations in the
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filtration plant. Also, the sites recorded 10,2,1 value in the
total number of bacteria, where it was ¡100 cells/100 ml in all
months of the study. These sites represent raw water before
treatment and water from the channel feeding the station, and
the lowest value recorded was 0 cells/100 ml in the sites 6 and
5.

Table 1. The monthly changes in the values of the total
number of bacteria cells/100 ml.

Cite S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10

Month

November > 100 > 100 120 120 0 0 20 60 10 > 100

December > 100 > 100 60 80 0 0 10 10 0 > 100

January > 100 > 100 70 76 0 0 16 0 0 > 100

February > 100 > 100 120 84 0 0 0 10 20 > 100

March > 100 > 100 110 70 0 0 40 12 0 > 100

April > 100 > 100 120 50 0 0 20 10 20 > 100

Average > 100 > 100 100 80 0 0 17.7 17 8.33 > 100

The sites are the water after treatment and before pro-
cessing to the distribution grid. As for the sites 9,8,7 which
represented the distribution grid, the values of the total num-
ber of bacteria ranged from 0-60 cells/100 ml. We can con-
clude from this examination that the filtration station works
with high efficiency and the bacteria in the sites of the dis-
tribution grid are due to the ageing of the gride pipes, and
mismanagement which cause damaging of water supply pipes.
From observing the bacteria values in the study sites, espe-
cially the distribution grid, Indicates the pollution in the water
supply grid. Various types of bacteria exist in natural wa-
ters, the source of these bacteria being from soil or sewage,
which drifts into water bodies [20]. These bacteria may be
pathogenic or non-pathogenic [21].

The presence of bacteria in the water column is suspended
or at the sediment and it spores are protected against external
influences and bacteria feed in water by oxidizing organic
or inorganic compounds [22]. The importance of examining
the total count of bacteria, as through this examination it is
possible to determine the pathogenic bacterial content in the
water [17]. The presence of specific types in water does not
include all bacterial species in water because of their inability
to provide food, and the difficulty of providing appropriate
conditions for their growth in water [23].

3.3 Escherichia Coli Bacteria:
The intestines of humans and animals are the final host

for the presence of coliform bacteria therefore water and soil
can be polluted with their feces [24]. The presence of E. coli

in water sources gives evidence for the presence of other types
of intestinal pathogens in the water, such as Salmonella and
Shigella. These pathogens that cause a variety of Intestinal
infections that affect the digestive system, such as diarrhea
and hemorrhagic colitis [25].

The results of the current study, which are shown in Ta-
ble 2, recorded that the number of coliform bacteria had the
highest value in sites 1, 2, 10, and these sites represented raw
water before treatment, and the number of colon bacteria in
it more or less than 16 cells/100 ml, and in the two sites 4,3
values ranging from 2-16 cells/100 ml. These two locations

Table 2. Represents the monthly changes in the values of
coliform bacteria cell/100 ml.

Cite S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10

Month

November > 16 > 16 9 2 0 0 0 0 0 > 16

December > 16 > 16 9 9 0 0 0 0 0 > 16

January > 16 > 16 6 9 0 0 0 0 0 > 16

February > 16 > 16 16 9 0 0 0 0 0 > 16

March > 16 > 16 9 16 0 0 0 0 0 > 16

April > 16 > 16 16 5 0 0 0 0 0 > 16

Average > 16 > 16 10.8 8.33 0 0 0 0 0 > 16

are the sedimentation basins and filters in the station. The
sites 9,8,7,6,5 was free of bacteria, and zero cells/100 ml were
recorded in all months of the study, which are the beginning
of the water treatment process. Here, chlorine is added in the
fifth and sixth sites, while sites 9,8,7 stood for the distribution
grid in the district, where they were free from colon bacteria.
There are no colon bacteria because of the addition of sterile
materials in these sites [26]. The water supplied by the station
was free of coliform contamination and within the permissible
limits of the Iraqi Standard Specifications No. 417 of 2001.

3.4 Fecal Coliform Bacteria:
Water contamination with bacteria is considered the most
contributor to water borne diseases. The presence of fecal
bacteria in water proves water contamination with feces, and
caution should be exercised about the existence of health risks
from using this water for drinking [27].

The average values recorded on sites 1, 2, 3 and 10 Table 3
documented highest coliform bacteria value before treatment
and site 4 recorded 4.33 cells/100 ml less them. As for sites
4.3, the numbers of fecal coliform bacteria ranged from (0-16)
cells/100 ml. These sites were located inside the filtration
plant and filled the sedimentation basins and filters, which is
the beginning of the water treatment in the station. The sites 5,
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6, 7 and 9 recorded imperceptible values which represents the
produced water. These indicate station was working efficiently
on it in ridding the water of bacteria. As for the site 8, fecal
coliform bacteria were recorded in the month of February and
it was 2 cells/100 ml. This indicates the aging of pipes in this
site. In general, Hawija. The Hawija district station works
efficiently in the disposal of bacterial contaminants, and the
water produced in the station was within the Iraqi standard
specifications No. 417 of 2001.

Table 3. Represents the monthly changes in the values of
fecal coliform bacteria cell/100 ml.

Cite S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10

Month

November > 16 > 16 16 2 0 0 0 0 0 16

December > 16 > 16 9 6 0 0 0 0 0 > 16

January > 16 > 16 9 9 0 0 0 0 0 9

February > 16 > 16 9 9 0 0 0 2 0 > 16

March > 16 > 16 9 0 0 0 0 0 0 > 16

April > 16 > 16 16 0 0 0 0 0 0 > 16

Average > 16 > 16 11.3 4.33 0 0 0 0.33 0 12.5

3.5 Evaluation of the Efficiency of the Desalination
Station of the District:
Monitor tap water sources is important to determine its

validity as source to establish tap water desalination [28].
The Weighted Mathematical Model was used in many studies
[29],[30]. It is noted from Table 4 that the values of water
quality produced by the desalination station of Hawija district,
Kirkuk governorate were not contaminated with coliform and
fecal bacteria, as the quality of water produced therein was
excellent. Also, the produced fecal matter, and the water pro-
duced from the station were within the Iraqi and international
standards for drinking water.

4. Conclusion:
The results of the water quality index indicate that the water
produced from Hawija district desalination station is valid
according to Iraqi drinking water standards.

Table 4. Results of sub-index values and water quality index
for the studied sites.

Sites

1 2 3 4 5 6 7 8 9 10

Pharm

Turb.
Sli
QI

109.5
942.0

114.4
984

24.30
209

8.372
72.00

5.069
43.60

5.174
44.50

6.093
52.40

5.767
49.60

6.791
58.40

109.3
940

T.C
Sli
QI

1.783
38.30

1.823
39.2

1.991
42.8

1.991
42.80

2.065
44.40

2.121
45.60

2.121
45.60

2.140
46.00

2.158
46.40

1.782
38.32

pH
Sli
QI

5.427
86.11

8.074
86.8

8.153
87.6

8.044
86.47

8.066
86.71

8.022
86.24

7.989
85.88

8.088
86.94

7.956
85.53

8.274
88.94

Ec25
Sli
QI

3.210
34.50

3.182
34.2

2.983
32.1

2.997
32.21

2.977
32.00

2.976
32.00

2.943
31.64

2.997
32.21

2.997
32.21

3.009
32.36

T. Hard.
Sli
QI

1.758
37.80

1.758
37.8

1.832
39.4

1.730
37.20

1.730
37.20

1.730
37.20

1.730
37.20

1.740
37.40

1.758
37.80

1.749
37.60

T. Alk.
Sli
QI

4.465
96.00

4.434
95.3

4.403
94.7

4.341
93.33

4.341
93.33

4.310
92,67

4.341
93.33

4.372
94.00

4.310
92.67

4.310
92.67

Na+
Sli
QI

0.464
6.650

0.471
6.75

0.461
6.60

0.478
6.850

0.453
6.500

0.429
6.150

0.443
6.350

0.453
6.500

0.471
6.750

0.495
7.100

K+ Sli
QI

0.166
7.150

0.169
7.25

0.163
7.00

0.159
6.850

0.169
7.250

0.172
7.400

0.161
6.900

0.171
7.350

0.166
7.150

0.195
8.400

SO=
4

Sli
QI

0.928
13.30

0.912
13.1

0.903
13.0

0.889
12.75

0.893
12.80

0.898
12.88

0.895
12.83

0.947
13.58

0.910
13.05

0.968
13.88

Cl−
Sli
QI

0.354
7.600

0.348
7.48

0.341
7.32

0.348
7.480

0.357
7.690

0.428
9.200

0.441
9.480

0.474
10.20

0.419
9.000

0.443
9.520

NO−
3

Sli
QI

0.107
1.160

0.140
1.50

0.100
1.08

0.121
1.300

0.125
1.340

0.112
1.200

0.102
1.100

0.121
1.300

0.160
1.720

0.177
1.900

PO−
4 3

Sli
QI

0.040
1.700

0.047
2.00

0.037
1.60

0.040
1.700

0.044
1.900

0.053
2.300

0.061
2.600

0.049
2.100

0.061
2.600

0.072
3.100

TPC
Sli
QI

116.3
1000

116.3
1000

116.3
1000

93.02
800

0.000
0.000

0.000
0.000

20.58
177

19.77
170

9.686
83.30

116.3
1000

F.C.
Sli
QI

186.5
1600

186.1
1600

113.4
1130

96.86
833

0.000
0.000

0.000
0.000

0.000
0.000

3.837
33.00

0.000
0.000

186.0
1600

WQI Value Value 430. 438.2 275.4 219.4 26.29 26.43 45.9 50.93 37.84 433.1
Class Unfit Unfit V.P V.P Exc. Exc. Exc. Good Exc. Unfit

V.P: Very Poor.,
Exc.: Excellent,
Unfit.: Non-potable water,
Sli: Subindex,
QI: Water Quality Index.
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