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Abstract
Drinking water has directly related to human health so, it must have high quality; free from any
constituents harmful to human health such as microorganisms, minerals, and organic
substances. Most water born outbreaks due to inadequate sanitation and contamination of
drinking water with bacteria and protozoa, which cause global health problems, so the drinking
water must be monitored every month. The current research expected to evaluate the
consumption water for the microbiological and chemical pollutant of Halabja. In diffirent
sources of drinking water samples were collected and they subjected for physical, chemical and
microbiological examination each season. The consequences of the current research indicated
that Halabja Drinking water was free from waterborne microbial pathogenes. Furthermore, the
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highest values of the following parameters were found in autumn, although they were within
international standards; total dissolved solids (382mg/l), Cl- concentration (103 mg/l), free
chloride (0.58mg/I), Ec (595uS/cm), Mg*? (103mg/I) and total hardness (392 mg/l). Therefore
this water canbeused for drinking and daily work, while the sources of Halabja drinking water

need treatment and management regularly and it should be monitored systematically.
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Introduction

Water is a valuable source that is essential for all living organisms for its required for the
identifiable for body fucnctions. It sustains life, and health, and preserves the environment [1].
Drinking water must have the best quality; be free from any constituents harmful to human
health including organic constituents, viruses, minerals, and bacteria [2]. The safe water
shortage, poor hygiene, and inadequate sanitation is the important cause of waterborne illnesses
which are the major cause of death in children. waterborne illnesses are increase throughout the
direct intake of polluted water by pathogenic microbes [3]. It is assessed that a half million
children's death occurs annually due to diarrheal disease worldwide and more than five million
people die because of unclean drinking water, the majority of developing countries [4]. The
drinking water may be contaminated in different stages, including source, distribution,
transport, or handling in the household. Improper protection of water collection and storage
containers, inadequate sanitation process, the problem of sewage water, and the effects of
commercial and industrial are factors of water contamination [5]. Therefore, complete
assessments of water quality require the correct safety of the water provide from pollution and
consistent investigation of the sources of water, this is to minimize water-caused illness.
Continued investigation of the quality of water analysis depending on the detection of
pathogenic microorganisms is important for the water hygienic condition. In addition, the
assessment of physical and chemical characteristics including pH, nitrate, temperature, turbidity
and others are also essential parameters for drinking water [6]. In Irag, some studies were
conducted regarding the assessment of the suitability of water for drinking, for example, a study
in Hilla city, in 2011, found that at the houses use level, the water was unacceptable for drinking
[7], and another research in Baghdad, in 2017, established found that the level of Total
Dissolved Solids (TDS) in water exceed the standard range and the sulfate content was
moderately high in water and varied between 200 and 330 mg L™ [8]. Moreover, another study
in Baghdad, in 2017, indicated that incompetent sanitization processes in the all studied stations
which studied were responsible for the high level of pathogenic microorganisms in drinking
water [9]. There are two main sources of drinking water in Halabja city; Ahmed Awa (spring

water) source and several deep wells source. These two sources are pumped to storage tanks
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and where it treated with chlorine for disinfection and distributed through the water network to
the household [10]. Thus, this study aimed to determine the quality of drinking water in Halabje
city and identify physical, chemical, and physival properties of the studied drinking water.

Materials and Methods

Study location

The current research conducted on the Halabja drinking water station which take water from
Sirwan river. The area is located between 35°11'11" N latitudes and 45°58"26"E longitude. It
is located 240 km northeast of the capital Baghdad, near the Iranian border. Its population
generally relies on different sources of drinking water, which include Ahmad Awa Lake, wells,
and, water from the Halabja Drinking Water Project. About three-quarters of Halabja's drinking
water are supplied by the Halabja Drinking Water Project, which is sourced from the Sirwan
River. This river extends from east to southwest of Halabja about 12 km far from the Halabje

city as shown in (Figure 1).
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Figure 1: Map of the study area. Samples were collected from both the Halabja Drinking
Water project and Halabja city [16].
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Sample Collection

All sampling sites were either within Halabja city or the Sirwan River. From total sampling
points, 130 water samples were collected from January to December 2020 for the physico-
chemical analysis and 200 for the biological analysis. Samples were performed randomly at
different points where the two main catchment basins (NDR1 and NDR2), the Sirwan River,

and the household water distribution network before entering the roof tank.

Water sampling was conducting two weeks in March and May, and one week in January, June,
July, August and December. But, in April sampling was not collected. About 300-350 mL of
water in each of selected point were coleected and then labeled and stored in ice-box and then
transported to the laboratory of Halabja water project for further analysis. The results were

compared to the Iraqi and WHO drinking water standards to dermine the quality of water.

Physiochemical Analysis

At the laboratoty of Halabja water project. The pH value was measured using pH meter (Fisher
Scientific XL 150), turbidity measurement was done using a Eutech turbidity meter, and
conductivity was measured through an EC meter (Inolab-cond7110). The total dissolved solids,
chloride, free chlorine, residual aluminum, calcium, magnesium, manganese, sulfate, iron,
nitrate, total alkalinity, as well as total hardness determination, were conducted using a

spectrophotometer (Orion aguamate 8000, Thermo Fisher)

Microbial Analysis

Water pollution by bacteria was determined by the presence of a particular set of coliform
bacterial indicators. The E. Coli indicator was used for determining fecal contamination. It was
isolated and enumerated by the Most Probable Number (MPN) or multi-tube procedure. The
water samples were diluted serially and inoculated a in MacConkey broth medium, and the all
culture samples were incubated at 37 "C for 24-48 h. The presence of acid and gas production
was recorded in the tube. The Most Probable Number of coliform bacteria in the samples of

100 mL of drinking water was determined by McCrady's probability tables.

Volume: 1, Issue: 3 249 P-ISSN: 2958-4612
Manuscript Code: 769H E-ISSN: 2959-5568



Academic Science Journal

Results

To identify if the Halabja drinking water provided to the Halabja community is safe for
drinking, the biological and Physio-chemical investigation of water samples have to be
accomplished. The physiochemical characteristics of each river (Sirwan river) and treated water
(Halabja drinking water) were assessed. In addition to these essential parameters, the bacterial
indicators of fecal contamination in drinking water including fecal E. coli and coliform bacteria
were tested [11].

Bacteriological Load of Halabja Drinking Water

Water potability can be assessed by one of the crucial parameters. This is evaluated by the
availability of microbial indicator pollutants, including total bacteria and fecal coliform
bacteria. Total germ is all of the various bacterial species in drinking water. It presents the
quality of water without finding out the origin of the water contamination [12]. Water might
also be contaminated by fecal contaminated E. coli [13]. These parameters are usually applied

to assess the ratio of water contamination.

No bacterial counts, and protozoan pollutants were detected in Halabja drinking water for all
seasons in 2020 (Table 1). Thus, the number of bacterial indicators in all tested samples were
at the permitted level, which is set by WHO and free from fecal coliform bacteria [11]. This
indicates that the efficiency of the treatment procedure was enough to kill pathogenic bacteria.
Thus, this water was suitable for drinking, and no indication of either human or animal fecal
contamination. Bacterial water analysis needs to be continuous. Therefore, at any time this
water might be contaminated with any of the purification areas, main tanks, and pipes in the

city. In addition, contamination from sewerage leakage systems causes human health problem.

Physiochemical characters of the river and Halabja drinking water

Physical-chemical characters of the river and Halabja drinking water

are shown in the following (Figure land Table 1). The data are mean of 4-5 replication per
season over 2020. Different types of organic and inorganic minerals. For instance, magnesium,

calcium, potassium, bicarbonates, etc. make unfavorable color and taste of water. Drinking
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water's total dissolved solids (TDS) come from different sources, including industrial
wastewater sewage. For this reason, TDS can be used as one of the crucial parameters for
measuring the purity of water. TDS maximum concentration was over 300 (mg/l) in both water
types in autumn, while the lowest level of drinking water in summer was less than 300 (mg/l),
but for river water, less than 200 (mg/l) was observed during spring. Drinking water TDS was
in the allowed level. The main source of chloride is sourced from the break-up of salts including
NaCl and HCI added to seawater and sewage, etc. The concentration of this compound is
normally high in groundwater as compared to surface water. This chemical substance has an
important role in the human body's metabolic activities. Metal pipes can be damaged by
excessive amounts of chloride as well as harm plant growth. Maximum chloride concentration
values in the river and the drinking water were over 80 (mg/l) during autumn. The concentration
of this chemical parameter was in the WHO guideline permissions over the studied year (250
mg/l). In addition, the river water was free from free chlorine. However, after treating this
water, some amount of free chloride was remaining in the drinking water (~ 0.5mg/l). The
concentration of this element was lower than the permisable level which designed by the WHO.
The pH of pure water is referring to the measure of the concentration of hydrogen ions in water.
pH is normally ranged from 6 to 8.5. pH values of all water samples in different seasons were
in the allowed range of 6.5-8.5 based on WHO guidelines [11]. The maximal level of this
parameter was in winter whereas the lowest level was in spring. Alkalinity is the availability at
least of one or more of the following ions in water; carbonates, hydroxides, and bicarbonates.
Not much concentration of alkalinity is required to inhibit the corrosive effects of acidity.
Besides this, high quantities might have some side effects. Results show that there were no
remarkable differences in total alkalinity in both water types over 2020. The lowest level was
in summer below 200ppm to around 220ppm in most of the rest time of the year. This value is
entirely satisfactory based on the international water quality guideline values. The total
alkalinity of all of the samples were within the allowed range [14]. Thus, these values probably

do not cause human health-related problems.
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Figure 2: Distribution of River Water (Sirwan river) and Treated Water (Halabja drinking water) over all
seasons of 2020. Error bars are mean of 4-5 replications. Water samples were monthly collected from both types
of water apart from in March of 2020 due to the pandemic COVID-19.

Table 1: The measuered physiochemical and biological properties of studied source of

drinking water for Halabja city

Properties Source of water Season Bacteria
Winter Spring Summer Autumn
pH River Water 8.3+0.79 7.95+0.07 8.01+0.12 8.210.1 0
Treated Water 8.10.53 7.61£0.28 7.910.2 7.90+0.1 0
Ec (uS m?) River Water 463+29.56 428+1.41 416+63.21 564+88.9 0
Treated Water 500+44.8 446%15.6 394.7483.4  610.3+20.7 0
TDS (mg L?) River Water 296+18.7 224+70.7 266+40.15 362.3154.4 0
Treated Water  320.3+28.6 286+8.49 253.3£54.3  390.7+134 0
T. Alkaline River Water 234.7+£36.1 178+2.83 176+21.2 237.3£30.3 0
(mg L) Treated Water 224+14.4 186+19.8 170.7£8.33  213.3+24.4 0
Free Chlorine = River Water 0+0.00 0+0.00 0+0.00 0+0.00 0
(mg L)
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Treated Water 0.48+0.08 0.45+0.64 0.38+0.42 0.58+0.51 0
Residual AI**  River Water 0+0.00 0+0.00 0+0.00 0+0.00 0
(mg L) Treated Water ~ 0.033+0.06  31.5+44.5  0.036+0.03 0£0.100 0
T. Hardness River Water 274450.5 212+16.9 250+£36.06  302.7+26.6 0
(mg L) Treated Water 2841360 218+14.14  245.7£38.8  298.7+60.0 0
Ca' (mgL?) River Water 72.8+22.19  60.1+0.14 68.4+8.15 97.2+25.0 0
Treated Water 84.8+2.91 65.7+5.49 62.82+7.5 95.2+16.3 0
Mg*? (mg LY)  River Water 28.8+21.6 15.0+3.99 18.9+12.2 = 14.46%8.73 0
Treated Water ~ 9.52+5.34  13.0#6.82  19.91+9.84 14.7+12.4 0
Cl-1 (mgL?)  River Water 37.7416.9 4124147  40.8+6.01  97.4+25.4 0
Treated Water 54.8+27.7  28.7+£35.78  57.6+16.8 @ 102.1+47.3 0
NOs* (mgL?) River Water 4.55+4.03 2.21+1.68 0.8+£1.13 1.33+0.75 0
Treated Water 5.11+4.94 2.54+2.23 0.58+0.83 0.44+0.62 0
SOs2(mg L)  River Water 78.5£61.5 54.0£21.6 59.6+£33.1 82.6+£50.9 0
Treated Water  50.24+2.49  35.3+49.9 63.7£51.9  117.6+44.4 0
Mn*2 (mg L?) River Water 0.07£0.03  0.01+0.01  0.095+0.03  0.105+0.09 0
Treated Water 0+0.00 0£0.00 0+0.00 0+0.00 0
Fe*? (mg L?) River Water 0.12+0.17 0£0.00 0.154+0.13  0.013%0.02 0
Treated Water ~ 0.01+0.01 0£0.00 0+0.00 0+0.00 0

Academic Science Journal

Electrical conductivity (EC) in water is mentioned as one of the crucial indicators for
assessing total dissolved solid in water. EC of contaminated water is higher than in purified
water. The EC of water is increased because of adding ions to the water. The EC of the drinking
water ranges between 395 in the summer to 590 in autumn (uS /cm) which was within the Iraqi

permisable value of this parameter (2000 microsiemens) for drinking water [9].

Calcium (Ca) is the main component of human bones and teeth (about 95%) and has essential

roles in human cell physiology. It is one of the most prevalent element on the earth surface.
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Non-standard level of this element in the human body has a detrimental effect on the physiology
of the human body. For instance, exceeding the limit of calcium makes cardiovascular diseases
and a high deficiency of this element in the body of humans might cause producing different
diseases such as bone fracture, poor blood clotting, and rickets. In study areas, results show that
the calcium concentration in the drinking water was 70 mg/l in spring and 95 mg/l in winter.
Calcium quantity in winter was near the limit by WHO and may be deleterious to the human
body. Magnesium is one of the natural water constituents and the 8" most abundant component
on earth. Different organisms, including humans, require this element for the proper functioning
of human body metabolisms. In study areas of drinking, water, magnesium was 9 mg/l in winter
and 100 mg/l in autumn. The quantity of magnesium is below the Iragi standards (100mg/I)
over the year 2020 except in autumn. Such a high concentration somewhat affects the health of

Halabja residents.

Water hardness (CaCO:s) is another basic water properties have to be assessed. Hard water
contains numerous amount of minerals. If these minerals exceed their level from the permitted
level, they will have an influence on human health. Soft water is the sort of water that contains
a small amount of CaCO3z (60—120 mg/l), whereas very hard water is containing more than 180
mg/l of CaCOs [11]. Current study, the drinking water hardness was 265 mg/l during summer,
while it was 380 mg/l during autumn. The data had no major differences in the river water. A
similar pattern was found in the hardness of the drinking water over the previous year 2019
[15].

Sulfuric acid is measured as the main source of sulfate (SO4) in almost water source. In natural
water, sulfate concentration is ranged from a few to several hundred mg per liter. It is known
that this compound has no major negative influence on human health. In this investigation, the
sulfate concentration in the drinking water was from 42 mg/l during spring to over 100 mg/I
during autumn. The data show that the amount of sulfate in the drinking water was within the
WHO standard limit (25mg/l).

Nitrate (NOs) is another crucial disease-causing parameter of drinking water quality such as

blue baby syndrome in children. Nitrate is sourced from industrial waste, cycle of nitrogen, etc.
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The maximum allowed WHO level of drinking water nitrate is 10 mg/l. In the current study,
nitrate values in the drinking water fall between 0.4mg/l in autumn to 5.1mg/l in winter, and
the average value was 2.75 mg/l. These results show that the concentration of nitrate is

acceptable and is not posing a threat of nitrate on human health.

Iron (Fe) is another essential element in assessing water quality. Soil leaching becomes
contamination of surface water by iron and causes interring this element into underground water
by water-rock interaction. Only a small amount of iron was found in the water (0.015 mg/l) in
winter. This concentration is not exceeding to the WHO standard (0.3 mg/l). Furthermore,
manganese (Mn) and iron behaved similarly. In fact, manganese was also free in the drinking
water over 2020. Manganese is one of the important human micronutrients and can be taken

from consumption of different sources of food.
Discussion

The growth of population and changes in lifestyle increased the water demand. Therfore, water
quality has become of great concern [17]. Potable water without adverse health effects; has be
free from microbes, viruses, parasites minerals, and organic substances; and free of disagreeable
polution, such as color, taste, turbidity, and odor and is aesthetically acceptable [18, 2]. In many
countries, especially in underdeveloped nations, it has been a major issue which the highest
quality water sources were required for drinking purposes [19]. Many investigations have been

carry out to analyze water condition and regular monitoring of the water [20, 21].

Control and detection of waterborne diseases depend on the microbiological analysis of
drinking water and for this purpose total bacteria and fecal Coliforms were performed to analyse
the microbial quality of the samples and the microscopical examination directly and or
indirectly (sedimentation and flotation) techniques will be useful. Microbiologically there was
no bacterial and parasitic water pollutant in the Halabja drinking water sources for the four
seasons in 2020. The coliforms and E. coli bacterial contaminants of water samples were at the
permission level according to the WHO and also most samples were free from fecal coliform

bacteria [11]. A similar finding by Mohammed [15] showed that the Halabja drinking water
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was free from microbial contamination and also was within the WHO recommended levels [11].
These data indicate that the efficiency of the treatment procedure was enough to kill pathogenic
bacteria. Thus, this water was suitable for drinking, and no indication of either human or animal

fecal contamination.

Using liquefied chlorine gas to disinfect Sirwan river water can kill any microbial organism and
this may be the reason for the absence of coliform pathogens also use of free residual chlorine
(FRC) can inhibit the re-contamination of the water [11]. However [8], indicate that the
coliform bacteria were found in drinking water in capital of Iraq, this indicates the possibility
of water contamination by fecal matter [22]. Water treatment processes or contamination during

the distribution system are potential sources of coliform bacteria in water supplies [23].

Chemical constituents and their concentrations are guideline values for drinking water that they
have no detectable harmful effect on human. Drinking water TDS can be used as one of the
crucial parameters for measuring the purity of water. As observed in figure 1, TDS maximum
concentration was over 300 (mg/l) in both water types in autumn, while the lowest level was
less than 300 (mg/l) in the samples in summer, but less than 200 (mg/l) in the untreated water

in spring.

Total dissolved solids were no much differences in the both water samples. This is agreement
with finding which was done by Mohammed [15]. The values are below the maximum
permitted level of 600 mg/L [15]. So both studies show that water is suitable for drinking
because it contains less than 600 mg/L dissolved solids. Water contained high level of TDS is
not acceptable and may have high level of microbes [24]. In additon, this may cause excessive
scales in water pipes and household appliances [11]. Different geological areas contain various

amount of TDS due to solubility of minerals are varies [8].

Chloride concentration was in the WHO guideline permissions over the studied year (250 mg/l).
However, after treating the water, some amount of free chloride was remaining in the drinking
water, but the concentration of free chloride was within the permitted level of WHO. In 2019,

the relatively same result was recorded, the concentration of chloride within both types Sirwan
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river and in the treated water were was 31.2 to 65.3 mg/L and 48.2 to 73.8 mg/L, respectively
[15]. Another study which was done for tap water in Baghdad city, the chloride level was also
within the accepted WHO limits [8]. This may be due to better water treatment techniques.

The water pH is another crucial water quality indices. It affects both the physico-chemical
properties of water. pH of water samples in different seasons were in the allowed ranges of 6.5-
8.5 based on WHO guidelines [11]. Maximal level of this parameter was in winter, whereas the
lowest level was in spring. In the study done by [10] on the drinking water of Halabja City, the
pH values for all wells and houses were within the WHO limit except for three wells whose pH
was between (6.3-6.4). In another study done by Mohammed, he observed that the pH of
samples was near to 7 and within the Iraqi and WHO recommended standards [15]. Both these
studies agree with ours. But disagree with our study, the pH of drinking water in Hilla City
ranged from 6.9 to 7.5 [7]. Also in another study on the tap water in Baghdad city, pH values
ranged from 7.5 to 8.6, and was indicated that water was alkaline (pH >7). The differences in
pH value may refer to different types of collecting water and geological conditions of types of
water [24].

The electrical conductivity (EC) of the water may affect on its taste [24]. A high level of EC
generally means water has high degree of salinity [11]. In our work, the electrical conductivity
of the drinking water ranges between 395 in the summer to 590 in autumn (microsiemens/cm)
and this is in the permitted level of Iragi [9]. This was matched with other work done on Halabja
drinking water over the year 2019 [15], but in a study which was done in Jaffna Peninsula, Sri

Lanka, EC contents were within the acceptable level of SLS [2].

The water hardness (CaCOs) indicated by the precipitation of soap scum and scale deposition
(81, Hard water usually contains a high amount of minerals that influence human health. In this
study, the hardness of water samples ranges from 265 mg/l in summer to 380 mg/l in autumn.
This data had no major differences in the river water. A similar pattern was found in the
hardness of the drinking water over the previous year 2019 [15]. In dissimilar findings, this

parameter in Baghdad drinking water was less than recommended [7].
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Mineral analysis in our study showed that each calcium, sulfate, nitrate, manganese, and iron
in the drinking water were within the WHO standard limit. Only the quantity of magnesium
was below the Iraqi standards (100 mg/l) over the year 2020 except in autumn. In some
instances, the concentration of some of these minerals such as calcium, magnesium, sulfate,
and chloride were within normal recommended limits, and nitrate levels showed variation over
the year 2019 in the drinking water, even so, this value was within the recommended limits
[15].

Conclusions

This study concludes that Halabja drinking water in all seasons of 2020, was clear and suitable
for drinking. May be this refers to a good purification process with good monitoring by those
concerned. Microbiological analysis revealed that there were no bacterial and protozoan
contaminants found in the water. The physico-chemical qualities of each river water (Sirwan
and Ahmed Awa rivers) and treated water (Halabja drinking water) were assessed, and nearly
all chemical constituents and their concentrations were within WHO standard limits. TDS of
the drinking water were in the permissible value in both water types in autumn, with the lowest
level in the drinking water in summer and less than 200 (mg/l) in the river water in spring. The
chloride concentration of drinking water samples and pH of all rivers and drinking water in
different seasons were in the allowed ranges based on WHO guidelines. EC of the drinking
water was within the Iraqi acceptable level, the hardness of the drinking water is from 265 mg/I
in summer to 380 mg/l in autumn with no major differences in the river water. Calcium, sulfate,
nitrate, manganese, and iron in the drinking water were within the WHO standard limit. Only
the quantity of magnesium was below the Iraqi standards over the year 2020 except in autumn.
Thus, Halabja drinking water and sources of all Kurdistan drinking water should be under

continuous study and assessment.
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