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Abstract

The current study was conducted in Al-Muthanna Governorate, five wells were selected and some
physical, chemical and bacteriological properties were measured, starting from the first well in the Wadi
Kharaz region and ending with the fifth well in the Al-Rehab region to determine the water quality of
these wells and their suitability for use and to monitor the differences in months and locations during
the study period from (January to June) 2021. The study included the measurement of some physical
factors, including Water temperature, Turbidity and some chemical factors, including pH,Total hardness
(TH), Phosphate (PO4), Nitrite (NO2), Nitrate (NO3) and bacterial contamination, which includes
calculating the total number for coliforms bacteria (TC) Fecal Coliform Bacteria (FC) and Fecal
Streptococci bacteria (FS). By conducting tests on this water, it was revealed that some of the
physicochemical values were not within the acceptable value of the Iragi drink and WHO as mentioned
in (Table, 2), such as the value of the total hardness, which ranged between (1600-3600) mg /I. The results
showed that the water temperatures ranged between ( 23-27 degrees Celsius. The turbidity values in all
studied wells were low and within the standard specifications, ranging between (0.10-3.70) NTU, and the
pH values in low basal wells water ranged between (-7.3). 8.4). The concentration of phosphate was
(0.001-0.004) mg/|, while the level of Nitrite ranged (0.001-0.006) mg/I| and Nitrate (0.131-0.302) mg/I,
as for the microbial examination, the total coliform bacteria ranged between (4200-86000) CFU/ml,Fecal
coliform (3900-69000) CFU /ml and Fecal Streptococci (1230-120000/) CFU/ml. The study showed that
the sources of bacterial contamination were among human and animal sources for the water of all wells

during all months, depending on the ratio of FC / FS as mentioned in (Table,3).
Keywords: Wells, physical-chemical properties, Total coliform bacteria.

1. Introduction

Water is a major natural resource that is always present
by the grace of God Almighty, and is necessary for all
forms of life. Water is an essential part of the human body
and acts as a universal solvent and mediator for all
chemical reactions of living organisms [1], It is extremely
important in a variety of professions such as agriculture,
industrial activities, fisheries, and other activities [2].
Groundwater is an important source of drinking water for
humans and animals all around the world, used for the
drinking, agriculture and manufacturing sectors itis also a
very valuable source of water. Water reservoirs, which
constitute a major part of the hydrological cycle, rely on
precipitation and refill methods. The physical, chemical
and biological features of groundwater are the foundation
of consistency of groundwater [3].

Wells are holes in the ground that converge the water
table as water-bearing rocks streaming as springs [4]. The
major sources of groundwater contamination in recent
decades have been the farming, manufacturing,
residential, trade and native growth. Water quality is
determined by the chemical, physical parameters of
water. It is a measure of the state of the water with
respect to the necessities of human needs or purposes [5].
Microbiological risks remain associated with several
aspects such as water use for domestic tasks and
recreational water contacts. The quality of water is
doi.org/10.31838/hiv22.02.237

classically monitored by searching for and quantifying
bacterial indicators of contamination because their
presence indicates that contamination may have
occurred.Three indicators most commonly used today by
both volunteer and professional monitors—total
coliforms, fecal coliforms, and fecal streptococci —are
bacteria that are normally prevalent in the intestines and
feces of warm-blooded animals, including wildlife, farm
animals, pets, and humans. The indicator bacteria
themselves are not usually pathogenic.

Study problem: The phenomenon of groundwater
pollution is a problem that the various study areas suffer
from. The growth in the size of the population, the
increase in their urbanization and the expansion of the
diversity of their activities, led to a growing demand for
water, and its consumption in domestic, service and
industrial fields, all of this increased the quantities of
Wastewater and sewage that were not treated, and
leaked out.Through cracks and faults to the aquifers and
raise the levels of water pollution, especially near
population centers and its liquid and solid waste. Also, the
expansion of the agricultural area and the excessive use
of fertilizers, pesticides and irrigation water led to
contamination of wells water in various study areas. What
added to this problem is that most of the water sources
are notit is protected, and it is not checked periodically so
that the qualitative evaluation of the most important
water sources is a priority for the general environmental
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health of the population and their different uses of water.
The aim of present study was assessment physical -
chemical and biological properties of wells water in Al-
Muthanna governorate, Iraq.

2. Materials and Methods

Description of the study area

The study area is located in the outskirts of Al-Muthanna
Governorate southern Iraq, which lies between latitudes
302 51'26.19" to 319213'24" north and longitudes 44¢
51'27'31 " to 45202'27" east. The studied wells were
classified as medium-depth and closed wells that were
drilled by mechanical excavators.The depths of the wells
range between 40-75 m and the duration of use is
between one to 15 years. The first well this well is located
in the Wadi Kharz, scond well in Al-Mamlha,Third well this
well is located in the Al-Ghadari, The fourth well this well
is located in the Al-Ameed, The tifth well this well is
located in the Al-Rehab as mentioned in (Fig: 1) The wells
of the current study were selected from different areas of
the governorate due to their proximity to agricultural
lands and because of their use by a number of

residents of these areas.These wells are linked to non-
point sources of pollution, that these wells are close to
agricultural areas and there are population centers near
them, and that the increase in human activities, as well as
the presence of a number of animals and the leakage of
water from these agricultural lands and pesticides, as well
as the nature of these wells led to physical, chemical and
biological pollution.

1-The First well

This well is located in Wadi Kharaz, northwest of Al-
Muthanna Governorate. The well is of a closed type and
mechanically drilled, with a depth of 45 meters, a lifespan
of one year, a tube diameter of 4 inches, and a period of
use for one year. One of the most important uses of the
well is for drinking after desalination, irrigation and other
uses. This area is about 43 km away from the city center.

2-The second well

This well is located in the Al-Mamlha area in the
northwestern of AL-Muthanna Governorate. The well is of
a closed type and mechanically drilled, with a depth of 40
meters, the diameter of the intake pipe is 4 inch, and the
duration of use is fife year. The most important uses of
the well are for drinking after desalination, irrigation and
other uses. It is approximately 22.18 km away from the
first well.

3 -The Third well

This well is located in the Al-Ghadari area west of
Muthanna. The well is of a closed type and mechanically
drilled, with a depth of 45 meters, the diameter of the
intake pipe is 4 inch, and the duration of use is one year.
The most important uses of the well are for drinking after
desalination, for irrigation and domestic uses, and it is
about 5 km away from the second well.

4 -The Fourth well

This well is located in the Al-Ameed area west of
Muthanna. The well is of a closed type and mechanically
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drilled, with a depth of 75 meters, the diameter of the
intake pipe is 4 ang, and the duration of use is 15 years.
The most important uses of the well are for irrigation,
uses and watering animals, and it is about 10 km away
from the third well.

5 -The Fifth well

This well is located in the Al-Rehab area, west of
Muthanna. The well is of a closed type and is mechanically
drilled with a width of 70 meters, the diameter of the
intake pipe is 4 inch, and the duration of use is five years.
The most important uses of the well are for irrigation,
domestic uses, and watering animals. It is about 53.12 km
away from the fourth well.
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Figur (1): Map showing sites in the Study sites in Al-
Muthanna Governorate during the study period

Sample collection

The samples were collected from five wells.Use a
sterilized plastic bottle 5 liter (for physiochemical
parameters) and a sterilize tube10 ml for (bacteriological
tests).Samples were collected from the wells after
pumping water and waiting for five minutes until the dust
or bacteria stuck in the pumping tube is removed. The
plastic bottle washed with the sample water three times
to ensure that the bottle contains only sample water and
then it is closed. Put the bottles for the bacterial
examination in a cold box until they reach the laboratory,
as well as the bottle for the physicochemical tests away
from sunlight to preserve the sample from any changes
[6].

Sampling procedurers

1-Physiochemical Parameters

*  Water temperature (°C) was measured by
thermometer.

* pH were measured by using a portable Multimeter
(SM801).

* Turbidity (NTU) were measured by using Turbidity
meter.

*Total hardness (TH) were measured by using a titrimetric
method mentioned in Patnaik [7].

*Nitrate (NO3), and Nitrite (NO2) measured according to
Tr et al. [8].

* Phosphate (PO4) measured according to [7].

* Total Coliform bacteria (TC) count and dignosis
according to (Ang and Tham, 2020 ).

* Fecal Coliform bacteria (FC) count and dignosis
according to (Ang and Tham, 2020)

*Fecal Streptococci bacteria (FS) count and dignosis
according to (Ang and Tham, 2020 )

3. Results and Discussion

Physical- chemical Parameters
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Water temperature

Temperature plays an important role in influencing the
quality of proper water bonds; It affects the chemical
reactions that occur in water and affects the pH values
and the solubility of salts and gases, especially oxygen and
carbon dioxide, and has a prominent role in influencing
the effectiveness and activity of microorganisms and
affecting the biological analysis processes of organic
matter and oxidation and reduction processes.High water
temperature (20-30°C) can also increase the growth of
microorganisms and may lead to problems with taste,
odor, color and corrosion. The most desirable
temperatures for drinking water are between 4°C and
10°C. Temperatures above 25 °C are usually objectionable
[9].

The results in Figure (2) showed that the temperatures in
the study area ranged between [1, 4, 10, 11] degrees
Celsius, and the highest value was in well 2 [1] degrees
Celsius in June, while the lowest value was in well 3 with
the same temperature. Temperature [10] degrees Celsius
in January and February. The water of the study wells is
classified as warm water according to the classification of
water according to its temperature [12]. The temperature
of groundwater depends largely on different geological
conditions, the source of nutrition, and the diversity of the
depth of the aquifers, and well water is not affected by air
temperature during seasons or months due to
groundwater temperatures. The rocks in the wells that
contain water are at a certain temperature, so the
temperature of the water in these wells remains constant,
and if some changes occur, they will be slight. The results
of the current study were close to the results obtained
[13].

The results of the statistical analysis (P< 0.05) showed that
there were statistically significant differences between all
months.

Item Thermal range (°C)
Cold <20
Warm 20-37
Hot 37-42
Very hot >42
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Figure (2): Monthly variations for Water temperature
mean value in study sites

pH

pH is defined as the negative logarithm of hydrogen ion
concentration [7]. The pH is a very important factor
affecting the development of aquaculture that
determines the suitability of water for different purposes
[14].

The results have been noted that the pH of the wells
ranged from (7.30 to 8.40), which is within the lIraqi
standard limits, (6.5 to 8.5) according to the standard

Evaluation of some Physical-Chemical and Biological Properties...

specifications for Iraqi drinking I1QS [15] and [16] as shown

n (Table, 2). However, during all months the pH was
neutral only the pH value in well 4 was [14] as shown in
Figure 3. This slight increase in pH may be due to the
possibility of contamination from people living around
this area or The reason may be due to the regulatory
capacity of the water containing bicarbonate and
carbonate compounds, as well as the water entering the
body of these compounds from the surrounding sail,
given that the Iraqi soil is rich in these compounds that
work on the acid equation when entering the water, as
well as the fact that most of the wells studied Far from
direct atmospheric changes, which cause them to dissolve
carbon dioxide in water, as well as the hardness and
alkaline rich in bicarbonate, which resist the change in pH,
[17]. Samawah city, Muthanna Governorate, where the
pH values ranged between [7, 18, 19]. The results of the
statistical analysis (P< 0.05) showed that there were
statistically significant differences between all wells and
all months.
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Figure (3):Monthly variations for pH mean value in study
sites

Turbidity

Turbidity is an expression of some light scattering and
light absorption properties of a water sample resulting
from the presence of clay, silt, suspended matter,
colloidal particles, plankton and other microorganisms
present in the water [11].

The results in Figure (4) showed that the turbidity in the
studied wells ranged between (0.10-3.70) NTU and the
highest value was in well 2 (3.70) NTU, followed by well 1
with turbidity [17, 20] NTU in April, and the lowest value
was in wells 4 in January and in well 3 in June (0.10)NTU.
The reason for the decrease in turbidity values in most of
the studied well water during the months of the study is
due to the relative stagnation of well water. The turbidity
values in all wells in the study areas are identical to the
Iraqi standard specifications for drinking [15] and [16] as
shown in (Table,2), which are 5 NTU. The turbidity results
of this study are dis agree with results of Alasedi [18]
which conducted on groundwater in Najaf city / Iraq. The
results of the statistical analysis (P< 0.05) showed the
presence of statistically significant differences between
wells as in wells 2 and 3, and the presence of significant
differences as in the month of April.
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Figure (4): Monthly variations for Turbidity mean value
in study sites

Total hardness (TH)

TH is defined as the total sum of dissolved calcium and
magnesium. The current study. The concentration of TH
(1600-3600) mg.CaCO03./I, as in Figure (5) was higher than
the limited range of the Iraqgi drinking water standard
specifications for the Fao [2] and [16] (500 mg/l) in all
Wells in different months as shown in (Table, 2). The
hardness of the water varies with the source of the water,
as the surface water is usually less hard than the ground
water and this follows the geological nature of the land.
However, the highest value of the total hardness is in
January. Itis attributed to the characteristics of the nature
of the lIraqgi lands, as it is characterized by being of a
calcified nature in addition to the high concentrations of
dissolved and basic solids and sulfates in the water that
increase the hardness values . However, the results
showed an increase during January. This attribution of
precipitation was making the access of pollutants, organic
and inorganic materials and agricultural residues from
adjacent lands from the surface to the groundwater
helped to increase the hardness rates of the groundwater
[21]. The results of the total hardness of the current study
agree with the results of the study for well water in
Karbala governorate, which ranges between (1160 - 2545)
mg /I. The results of the statistical analysis (P< 0.05)
showed that there were significant spatial differences
between all wells and all months.
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Figure (5): Monthly variations for Total hardness mean
value in study sites

Nitrite (NO2)

Nitrite (NO2) is an intermediate compound formed by
reducing nitrate to nitrite or by oxidizing ammonia. The
presence of nitrite in water is an indicator of water
contamination with wastewater.

The results of Nitrite in the present study ranged between
(0.001-0.006) mg/I. The height value of nitrite in June at
well 3 and lowest values in June in well 4. The
concentration of nitrite was low in all wells and all
months, where the values were within the acceptable
limits of Iraqi water for nitrite [17] mg /I as shown in
(table, 2). Both nitrate and nitrite occur naturally in the
1228
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environment, and are produced by the oxidation of
nitrogen by microorganisms. The nitrite values in the
current study were disagree with the results of the study
[22], which was in Basra Governorate, whose nitrite value
was [9] mg /I. The results of the statistical analysis (P<
0.05) showed significant differences between all wells and
all months.
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0.004

0.003
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January February March April June

Nitrite (mg/1)

Well 1 Well 2 B Well 3 mWell4

Figure: (6) Monthly variations for Nitrite mean value in
study sites

Nitrate (NO3)

Nitrate (NO3) is an essential nutrient and is found
naturally in unpolluted water bodies due to the process of
animal and plant growth and putrefaction. However,
excess nitrate causes a significant increase in plant growth
and negatively affects the health of aquatic animals and
humans [7].

The mean value of nitrate in the present study ranged
between (0.131-0.302 mg/I ) The height value of nitrate in
April at well 1 and The lowest values of nitrate in May in
well 5.The nitrate values were Within the acceptable
values for Iraqi water (50 mg /) as shown in the Figure (7).
The values of nitrate in the wells of the current study are
located within the Iraqgi standards specifications 2009
which amounted to (50) mg/l and less than the
specifications [16] which amounted to (10-45) mg/| as
shown in table (1). The results of the study were disagree
with results obtained by Umer et al. [23]. The results of
the statistical analysis using the analysis of variance at the
level of significance (P< 0.05) showed the presence
significant differences between all months and all wells.
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Figure (7): Monthly variations for Nitrate mean value in
study site

Phosphate (PO4)

Phosphorous is found in natural waters and effluents only
in the form of phosphates. They are classified as
condensed phosphates, organically bound phosphates,
and orthophosphates. Phosphate used on agricultural
land as fertilizer is transported to groundwater by storm
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runoff [7].

Phosphate values in the current study ranged between
(0.001-0.004) mg/L, where the highest value of phosphate
was in well 2 in the month of May and the lowest value
was in well 5 in April as in the Figure (8). Phosphate
concentration was low in all wells in the different
months.As in the Figure (8), it was within the acceptable
limits for Iragi [15] (0.5 mg / 1) and the international
specifications of the [18] mg /I as shown in table(1). The
results of the statistical analysis (P< 0.05) showed clear
temporal significant differences between months and all
wells.
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Figure: (8) Monthly variations for Phosphate mean value
in study sites

Bacteriological test
Total coliform bacteria (TC)

One of the most common bacterial indicators of fecal
contamination in water was the coliform group.

The results in Figure (9) showed that the total number of
coliform bacteria in the studied wells ranged between
(4200-86000) Cfu/ml and the highest value was in well 5
(86000) Cfu/ml in January, while the lowest value was in
well 1 (4200) Cfu/ml in April. The reason for the relative
increase in the number of bacteria in the wells of the
current study is due to rainfall, rising water levels and the
entry of organic matter into them as a result of water
dredging and washing agricultural lands that often use
animal fertilizers, and it is a major source of bacteria and
microorganisms access to groundwater. The results of the
statistical analysis using the analysis of variance at the
level of significance (P< 0.05) showed that there were
clear time significant differences, as in January, with clear
spatial differences, as in well 5 and showed significant
correlation between the total coliform bacteria with each
of the following factors. pH (r = 0.109), TH (r = 0.567).
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Figure (9): Monthly variations for total coliform bacteria
mean value in study sites

Fecal Coliform bacteria (FC)

One group that is used as indicators worldwide of water
pollution are faecal coliforms [16].

The results in (Figure,10) showed that the numbers of
fecal coliform bacteria in the studied wells ranged
between (3900 - 69000) CFU/ml. The numbers of pectic
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cells differed from the wells of the current study, but were
highest in January, February and March. The reason for
the presence of these bacteria is due to the contact of the
wells with air contaminated with bacteria from animal
excrement or proximity to sewage water. In addition to
what is characterized by fecal coliform bacteria in their
longer survival outside the human or animal body, which
distinguishes them from the rest of the pathogenic
intestinal bacteria, and this is what facilitated their
detection during the investigation of fecal contamination
of the studied wells Water.

.he results were higher than the Iraqgi drinking water
standards [24] and international specifications which
amounted to 1-2 CFU/100 ml, therefore these wells are
not suitable for humans.

The results of the statistical analysis (P< 0.05) showed
statistically significant differences between all months
and all wells, and showed a significant positive
relationship between fecal coliform bacteria with each of
the following factors TH, K, respectively (r1 = 0.53, r2 =
0.54).
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Figure (10 ): Monthly variations for Fecal coliform
bacteria mean value in study sites

Fecal Streptococci (FS)

One of the important bacterial groups that are used as
indicators worldwide of water pollution is faecal
streptococcus.

The results in (Figure,11) showed that the number of fecal
streptococcus bacteria in the studied wells ranged
between (1230-120000) CFU/ml. The high proportion of
bacteria in these wells in January, February and March is
due to several reasons, including the fact that the used
study wells are close to the surface of the earth, which
increases the chances of exposure to biological pollution
from several sources such as human activities, which
leads to the leakage of pollutants into the wells from
wastewater. healthy. Purification of plants and animal
breeding places and the resulting fecal pollution, as well
as pollution as a result of the interaction between
groundwater and sewage water.

The water that passes on the surface of the soil as a result
of rainfall contains many pollutants, as well as the waste
of residential areas that end in rivers, streams and
groundwater where pollutants reach water wells, or the
cause of pollution may be poor construction.. From the
well or the presence of gaps in it, or the contamination
may also be from landfills. Or due to the decomposition
of organic matter, or because rainwater falls directly on it,
and this waste water permeates and becomes saturated
with microorganisms and other pollutants in the soil,
which seeps into the groundwater.

The results were higher than the standards for Iraqi
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drinking Varol et al. [25] and the global standard which
amounted to 1 - 2 CFU/100 ml, thus these wells are not
suitable for human use.

The results of the statistical analysis (P< 0.05) showed that
there were statistically significant differences between all
months and between all wells, and there was no positive
correlation between faecal streptococcus bacteria with
each of the factors.
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Figure (11 ): Monthly variations for Fecal Streptococci
bacteria mean value in study sites

Determination Fecal coliform(FC) /Fecal
streptococci(FS)

Determining the FC / FS ratio because Streptococci. spp is
an indicator of human and animal feces contamination in
water, so the presence of Streptococci. spp in wells water
was an indicator of fecal contamination [26], and the
results showed that the ratio of FC / FS in The wells that
were studied during six months, some of them are less
than 0.4, and this indicates that the source of pollution is
animal, and some are more than 0.4, and this indicates
that the source of pollution is humans, as shown in
(Table,3).

Iraqgi WHO
Parameters standards |standards
(2009) | (2011)
Temperature (C°) -—- -—-
pH 6.5-8.5 6.5-8.5
Turbidity (NTU) 5 5
Total hardness (mg.Ca.Co3/l) 500 500
Phosphate (mg/L) .50 5
Nitrite (mg/I) 3 ---
Nitrate (mg/I) 50 10-45
Total Coliform bacteria (CFU/ml)
Fecal coliform bacteria(CFU/ml)
Fecal streptococci
bacteria(CFU/ml) - T

Wel FC FS(CFU| FC/FS ..

Month Is |(CFU/ml)| /ml) ratio Contamination Source

wil 69000 10000 0.9 HumarT fec.al

0 contamination

Janour! > | 14000 |s2000| 0.2 Animal fecal

y contamination

w3| 23000 |26000| 0.8 Human fecal

contamination
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W4| 26000 |56000| 0.4 Human fecal
contamination

W5| 62000 |70000( 0.8 Human fecal
contamination

wi| s2000 |9 o2 Animal fecal
0 contamination

W2| 11000 |51000| 0.2 Animal fecal
contamination

Februal 31 25000 |20000| 1.2 Human fecal
i contamination

W4 | 20000 |63000| 0.3 Animal fecal
contamination

W5| 60000 |68000| 0.8 Human fecal
contamination

wi| 35000 |29 o2 Animal fecal
0 contamination

W2| 7000 |50000| 0.1 Animal fecal
contamination

March|W3| 27000 |14000| 1.9 Human fecal
contamination

W4 | 14000 |70000| 0.2 Anlma! fec'al
contamination

W5| 58000 |66000| 0.8 Human fecal
contamination

W1| 3900 |1230 | 3.1 Human fecal
contamination

W2| 5000 |6800 | 0.7 Human fecal
contamination

April |W3| 4000 | 1600 | 2.5 Human fecal
contamination

W4| 5500 | 7500 | 0.7 Human fecal
contamination

W5| 4700 | 7000 | 0.6 Human fecal
contamination

W1| 4500 |1400 | 3.2 Human fecal
contamination

W2| 5600 |7200| 0.7 Human fecal
contamination

May |W3| 4300 |1500 | 2.8 Human fecal
contamination

W4| 5900 |8000| 0.7 Human fecal
contamination

W5| 5300 |7100| 0.7 Human fecal
contamination

W1| 5200 |2100 | 2.4 Human fecal
contamination

W2| 6100 |8000 | 0.7 Human fecal
contamination

June |W3| 4800 |21100| 0.2 Amma!fec'al
contamination

w4| 7000 |9100| 0.7 Human fecal
contamination

W5| 5800 |8800 | 0.6 Human fecal
contamination

4. Conclusion

Depending on the sources of contamination obtainedThe
water of the current study wells was contaminated from
both human and animal sources during all months based
on FC/FS ratio. The physical and chemical properties of
the water wells of the current study, most of which are
higher thanthe standard value of Iraqi drinking water and
the World Health Organization, such as total hardness, as
the water of all wells is very hard, by comparing it with the
standard values of drinking water. The pollution is also
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due to the geological nature of these wells, which helps to
pollute these wells and the leakage of water resulting
from washing agricultural lands and bacteria to make this
water unfit for drinking and it needs treatment in order to
benefit from it.
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