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Abstract: This study aimed to measure certain physical and chemical factors and trace elements in order to
measure the degree of contamimation of the groundwater of Al-Nasiriyah city Southern Irag. Four sampling
campaigns (from Autumn 2017 to the Summer of 2018) for physico-chemical analyses and identification algae
have been carried out. This study, therefore, concerned 9 wells distributed in 4 districts located in city
of Thi-Qar by chosen 13 variables of were selected from water quality variables that have a greater impact on
the quality of the studied water and determine its validity for the different uses mentioned by finding the water
quality index WHO values; air temperature, water temperature, pH and dissolved oxygen, turbidity, salinity,
nitrate, orthophosphate, silica, iron, zinc, copper and manganese. There was no significant difference between
the physico-chemical characteristics of studies well. Concermng algae taxa has been classified in this study.
Diatom was the most dominant algae, followed by Chlorophyta and Cyanophyta.
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INTRODUCTION

The pollution i1s an important problem in modemn
societies and the presence of pollutants in water
resources, especially the fresh water, makes it a
serious and specific problem for growth and life of
OTZanisms.

Groundwater 15 considered as an econocmical
natural resource for drinking water supplies n both urban
and rural environments. Tt is the largest source of
available natural liquid fresh water in the planet, about
8-10 million/km’ or between 98 and 99% of the total. It is
a strategic water source for human activities. In addition
that they often represent large volumes, they generally
offer better quality water than surface water. These waters
constitute 23% of the world’s freshwater resources
(Graham and Wilcox, 2000; Hadi, 1981) which must be
preserved and protected from all kinds of pollution.
Indeed, the natural levels of pollutants i the water are
generally very low but their concentrations increase with
human activity such as agriculture (nitrogen fertilizers),
industry  (effluents released into the receiving
environment without any prior treatment), domestic
effluents, landfill leachate public. This increase is the main
cause of groundwater quality degradation and mainly
more vulnerable groundwater.

The Southern Region of Iraq 1s considered one of the
main groundwater-dependent areas classified in previous
studies as suitable for agriculture but the steady

expansion of agriculture and increased groundwater
consumption have led to a decline in water levels
(Hassoune et al, 2006; Haddad, 1977). Recent studies
have shown a general trend towards a decrease in
groundwater reservoirs due to the type of irrigation used
and an increase in the number of wells operated in the
region, this leads to the removal of large quantities of
water reservoms and thus imcreases the depth of
groundwater and  thus, the deterioration of
groundwater quality due to the rise of salt water
(Celekli et al., 2007).

Intensive cultivation of agricultural land in umigated
areas, public landfills producing a lot of mtrogen-rich
leachate on the one hand and the creation of mdustrial
zones on the other have led m recent years to the
emergence of the problem of pollution of groundwater
resources by nitrates. As a result, concerns about these
substances as pollutants increased, not only because of
the economic losses to the farmer or the health
consequences of the population but also because of the
complexity of the problem, given that the population in
rural areas is partly are supplied with drinking water from
existing wells (Hadi, 1981, Hassoune et al., 2006).

In addition, heavy metals in soils exist in several
fractions of the phase solid which can be measured by
dissolution selective sequential. The human activities
such as effluents mdustrial and mumicipal governments
then increased the heavy metal flows in groundwater and
surface (Gove et al., 2001). Today, the poor management
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of industrial sites has the following objectives
consequences of public health problems and land use
planning. The many craft industry units in particular the
dyeing workshops located on the protective peruneters of
the field of view the districts of Thi-Qar are potential
points of pollution

While, soil absorbs and filters many contaminants,
smaller particles such as microorganisms, algae, bacteria
and viruses can be transported through cracks in rock or
permeable soils and then reach the aquifer. This 1s why
thin layers of soil and high groundwater contribute to
the vulnerability of groundwater. Fractured soils (rock,
sandstone) also promote the rapid movement of water
through the soil and consequently, groundwater
contamination. Tn these cases, it may be difficult to
identify the source of the pollution accurately, since, it
may be located miles from the contaminated wells. Other

factors can contribute to the movement of microorganisms
to groundwater. Poorly constructed wells (poor design,
lack of casing, cracks in the structure, etc.) will allow
direct intrusion of contaminants (USEPA., 2002).

Domestic and industrial wastewater which 15 lnghly
contaminated with heavy metals 13 discharged without
treatment into sumps towards the surface aquifer. The
objective of this research is to determine the
concentrations of heavy metals in the surface aquifer that
1s the water supply source for the populations who live on
these wells mn Thi-Qar city (Southern Iraq).

MATERITALS AND METHODS
Sample locations: The map in Fig. 1 presents, the study
area. Four districts in Dn-Qar Province were selected to

collect water samples from their wells.
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Fig. 1: Map of Thi-Qar Province indicated the location of the wells studied
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To study the impact of pollution on water quality in
the groundwater of Thi-Qar city, four sampling campaigns
(from Autumn 2017 to the Summer of 2018) for
physico-chemical analysis have been carried out. Samples
were collected until they overflowed into polyethylene
bottles (3x500 mL), rinsed with distilled water, water was
pumped from the well for 20 min to ensure that the sample
represented the quality of the groundwater that fed the
well then with the water to be sampled and capped.
Certain hydrochemical parameters were measured in the
field during sample collection prior to filtermg and
acidification, including water wells temperature and air
temperature, pIl, dissolved oxygen, salimty, turbidity,
nitrate, orthophosphate and silica. These were measured
using a Y SI 85 temperature, an Mi 170 Harma pH meter, a
Harma dissolved oxygen meter, EC-meter Hanna EC-215,
turbidity meter, method (Wood at el., 1967), method
(APHA., 2005a, b) and method (Parsons el al., 1984).

For the analysis of heavy metals, a few drops of nitric
acid were added to the sample to ensure preservation in
an acid medium and immediately put in a cooler. Samples
for the phytoplankton community study were collected
using a 1 L closing bottle for samples collected from all
wells. The algae samples were examined using an optical
microscope. algae species identified, according to the
following references (Prescott, 1962; Desikachary, 1959;
Celekli et al., 2007).

This study, therefore, concerned 9 wells distributed
in 4 districts located in city of Thi-Qar. The wells (Wo-
W7) are located in Al-Bathaa area, West of Nasiriyah
District. The wells (W6-W7-W3) in the District of Shatrah
i North of the province of Thi-Qar, located (W8-W9) in
the Northern part of the Askika Fast of Souk al-Shuyukh
District, South of the province. The analysis performed
included the following variables: total iron, manganese,
copper and zinc. These heavy metals are measured
(depending on the method used by APHA. (20054, b) at
the Laboratory of Applied Science of the Faculty of
Sciences of Thi-Qar University and the Techmcal
Institute  of Al-Shatrah i the Southern Technical
University with three replicates per sample by the atomic
absorption spectrophotometer. In all the analysis each
sample was analyzed twice per analyte and the mean value
was used as the final result.

RESULTS AND DISCUSSION

Figure 2-10 presents the temperatre of air,
temperature of wells water, pH, DO, salinity, turbidity,
nitrate, orthophosphate and silica of the water from the
mndividual wells collected between Autumn 2017 to the
Summer of 2018.
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Fig. 2: Seasonal variations to the rates of air temperatures
in the wells studied
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Fig. 3: Seasonal variattion of the rate groundwater
temperatures in the wells studied
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Fig. 4: Seasonal variation of the rate pH in the wells
studied

The average temperature in the wells recorded
between 7:00 and 8:00 am is 44.27°C in the Summer (Fig. 2).
The highest value 1s 45.3°C observed in wells number (9).
The results of statistical analysis showed that the
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Fig. 5: Seasonal variation of the rate dissolved oxygen in
the wells studied
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Fig. 6 Seasonal variations of the rate of salinaty in the
wells studied
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Fig. 7. Seasonal variations of the rate tubidity in the
wells studied

temperature of the water in the wells studied were not
significantly different at p<0.05. During this study, our
results showed normal seasonal variations in temperature
profiles in wells water (Fig. 3). The temperature variations

Variables

Fig. 8: Seasonal variation of the rate of nitrate in the wells
studied
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Fig. 9: Seasonal variation of the rate of PO, in the wells

studied
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Fig. 10: Seasonal variation of the rate of silica in the wells
studied

recorded in the nine wells ranged from 33.5 (well 9 in
Summer) to 18.5°C (well 2 in Winter). The hydrogen 1on
(pH) concentration ranged from 7 (in well 3 in Winter) to
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Table 1: Concentration of the different trace elements (mean+8D) at the wells level (Autumn 2017 to the Summer of 2018)

Wells
Elements (img/L) Wil w2 w3 W4 WS W6 w7 W8 W9
Fe 0.07£0.07 0.15£0.05 0.09+0.09 0.13+0.05 0.16+0.05 0.20+0.16 0.18+0.08 0.10+0.05 0.18+0.06
n 0.18+0.05 0.35+0.21 0.30+0.21 0.34£0.26 0.32+0.16 0.27+0.15 0.44£0.26 0.36+0.20 0.27+0.13
Cu 0.13£0.05 0.15£0.06 0.13£0.05 0.10+£0.08 0.15+0.13 0.16x0.05 0.13£0.10 0.10+0.08 0.10+0.08
Mn 0.04+0.024  0.04+0.021  0.04=0.03 0.03+£0.014  0.04+0.024 0.04+0.016 0.04+0.021  0.04+0.015  0.03+0.023

-9.3 (well 9 in Summer). During the study periods, all wells
had pH values >7 (Fig. 4). The results of the statistical
analysis revealed no significant difference at p<0.05
between wells water. There are significant differences
between the Spring season compared to the Winter
season and the fall season at the same level.

As indicated in the material and methods in this
study, DO was measured for the nine wells. The
development of this parameter in each well was monitored
and reported (Fig. 5). The evolution of DO content for the
period between Autumn 2017 to the Summer of 2018 is
presented in Fig. 5. The contents varying between 3.4
(well 7 n Spring and 10.2 well 2 m Wmter). The results of
the statistical analysis revealed no sigmificant difference
at p<0.05 between wells water. Although, there were
significant differences for all seasons except fall vs.
Winter at the same level.

From the analysis of Fig. 6, it appears that the
average salinity in the sampled wells is 8.28. This value is
almost identical to that recorded in Summer 2017 but the
maximum salinity obtamed 1s still 15.5 in the well 3. The
results of the statistical analysis revealed no significant
difference at p<0.05 between wells water and there were
no significant differences between all seasons for all wells
at the same level The values of silica ranged between
(2.2 pg/L in well 2 and 586 pg/L. in well 4). As for turbidity,
the average value of 53.11 NTU is greater than that
recorded during the previous great Summer season. The
highest value of turbidity it was 65 NTU (well 8 in Winter)
while the lowest turbidity 1s recorded in well 1 (5.2 NTU)
in Summer. The results of the statistical analysis revealed
no significant difference at p<0.05 between wells water.
The concentration rate of mitrate (Fig. 8) during 4 seasons
was between (9 ug/L in well 6 and 155 pg/L in well 8). The
results of this study indicated that the active phosphates
(Fig. 9) were between (2.3 ug/L. in well 2 and 40.3 ug/L. in
well 3).

From the analysis of tlus Table 1, it appears that
the water from wells is not polluted by iron. The
concentration of iron element in all wells during the four
seasons. It was <0.3 ppm. The highest concentration of
won 18 (0.18 ppm) was recorded in well 7 and 9. The
highest Zn concentration values were recorded in well 7
(0.44 ppm) while the concentration value was at least in
well 1 where it reached (0.18 ppm). Table 2 shows a larger

difference in the distribution of copper n the study area.
The value of copper m the well (6) was (0.16 ppm) and the
lowest value in the well (4, 8 and 9) was (0.10 ppm), notes
lack of copper concentration and absence of
contamination n the study area within the limits allowed
by World Health Organization (2011) (2 mg/l.). The
concentration of Mn does not exceed (2 ppm) in all wells
during all sampling campaigns. The results of the
statistical analysis for all trace elements revealed no
significant difference at p<0.05 between wells water and
there were no significant differences between all seasons
for all wells at the same level.

The samples mvestigated were generally composed
by bacteria, algae, cyanobacteria, fimgi, mosses and
some grazers such as rotifers. We focus this study on
algae and cyanobacteria specimens. A total of 15 species
of diatoms and 12 species of green algae
9 cyanobacteria and 1 euglnophyta were identified among
the 9 wells (Table 2). Indeed, the mean specific richness
for each sample was quite low as we identified an average

and

of 5.2 species per sample, the composition of samples
varying between 1 and 11 species. Diatoms were the most
abundant (41%) whereas green algae were found to be
predominant under the colonial form (32%), Cyanobacteria
was (24%) while Euglinophyata was (3%).

This study has shown a significant variation in air
temperature over the seasons, it recorded the highest
rates during the long hot Summer and the lowest rates
during the short and coolest Winter. This i1s what we
know about the nature of the Iraqi climate, in general, the
differences in situation may be due to a different time of
sampling (Wetzel, 2001).

The degree of well water temperature 1s the lughest in
Summer and the lowest in other seascns, due to the
distance from the ground surface and the absence of
vulnerability to heat from the air (Kena, 2001).

The pH value 7 1s the optimal level of the freshwater
and the water remains usable when it mcreases or
decreases from 4 and the pH is generally between 9
and 2 for most natural waters. Some factors affect the
concentration of the hydrogen element or the pH degree
of the reaction such as precipitation and flooding that
dissolve natural pollutants and include soil solubility as
well as human activities, agricultural activities, the use of
pesticides, various fertilizers, wastewater and plant waste

5997



J. Eng. Applied Sci., 14 {(Special Issue 3): 5993-6001, 2019

Table 2: Distribution of identified algae in the nine wells during the period of the study

Phytoplankton Wi w2

W3

W4 WS W6 W7 W8

Diatoms

Synedra radians Kutz. + +
S. rumpens - +
Navicula consors A. Schmidt (1874)
Cyclotella menghinian keutzing (1930)
Cymbella microcephala Grim. +
Synedra sp.

Achnerthes affinis

Dictoma vuigare

Pinruilaria sp.

Nitzschia sigmoicdea (Ehr.) W.Smith (1853)

N dubia

Amphora sp.

Bacillaria paxillifer (Q. F. Mull.) Hendy (1951)
Fragilaria virescens Rafls

F. construens

Chlorophyta

Scenedesmils sp. - +
Closterivm sp. -

Chlorella ellipsoidea Gemeck (1907) +

Eudorina elegans Ehrenberg (1832) -

Peamdoring sp.

Cosmarium botrytis Menegh. Ex Ralfs -

ZVgHemA sp. + -
Chiorella ellipsoidea Gemeck (1907) - +
Spirogyra sp. - +
Microspora sp. + -
Gloeocapsa sp.

Ulothrix zonata (Weber and Mohr) Kuetzing

Cyanophyta

Oscilletoria sp.

Rividaria sp.

Chroococcs varius +
Gloeotrichia sp.

Calothrix sp.

Microsystis aeruoginosa +

Synechoc occus aeroginosus Nageli - +
Lynghya sp. - +
Spirulina sp. + -
Euglinopyta

Euglena gracilis Klebs

- + o

+
o+

R SR S S

+
+
+

+

ot

+
o

+ +
+ o+t

ot

- +

n the region and the value of pH 1s also affected by the
concentration of compounds carbonates and bicarbonate
dissolved m water (Xie et al., 2010).

Dissolved oxygen in ground water depends on its
source and temperature as well as on vital processes
such as photosynthesis, respiration, decomposition
processes 1n the water column and the amount of rain
(Rasolofomanana, 2009). The reason for the elevated
levels of dissolved oxygen in some wells during the winter
15 due to the inverse relationship between temperatures
and gas melting and in particular the ability to melt O, at
low temperatures (Leppi et al., 2016). The results of this
study showed a high salinity rate in well 3 due to crop
wrigation who works to wash the soil adjacent to the
surrounding wells and thus, the filtration of this water to
groundwater which leads to a high proportion of salts
(Xia etal, 2016).

The highest turbidity rate was observed in Winter
and i most wells due to increased groundwater turbidity

in most wells, the mixing of sludge, sand and mud
with the proposed groundwater and mteractions with the
proposed groundwater Chemistry between rocks and
groundwater that occurs in the underground reservoir
(Ma et al., 201 5). Some economic activities are carried out
on the perimeters of the Thi-Qar city and compromise the
quality of the resource. These are the activities of market
gardening that uses a significant amount of chemical
fertilizer and pesticide. Dyeing activities also release
significant amounts of wastewater into the soil without
any purification. Finally, the absence of a solid waste
management system household and biomedical waste
leads people to dump these pollutants into wells
abandoned domestic waste, thus, contributing to chemical
and microbiological pollution of the surface aquifer
waters.

In effect, the implementation of the land use plan in
the mumcipality of Thi-Qar did not precede the settlement
of the populations. At the end of the subdivision and
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resettlement works, many individual wells are found
on public roads. To close them, people dump solid
waste of all kinds mto them, unconsciously sending
waste from the soil surface to the surface aquifer that
feeds nearby wells. This behavior explains the lngh iron
levels (0.2 mg/L in well 6 when the standard 1s 0.3 mg/L)
(World Health Orgamzation, 2011). Most of these
above-standard pollutants were measured in the waters
of individual wells located around these abandoned
individual and transformed into landfills
circumstantial. These values are similar to those of
Azokpota (2005) who found iron content of 0.8 mg/LL in
water wells in the Cotonou districts where dyeing

wells

activities are carried out. Indeed, the intensity of
groundwater pollution depends on the type of soil and
the dose in pollutants (White et al., 1986).

Zme levels in ground water are low at almost all wells.
In well 7, 1t 15 0.44 mg/l. and increases to 0.18 mg/L
m well 1 when the standard 15 3 mg/L. (World Health
Organization, 2011), it appears that this site is not
chemically polluted by zinc. The role of dyeing activities
in zinc supply is remarkable here. The main cause of
chemical pollution of water from individual wells is the
lack of hygiene and sanitation on the perimeters of the
wellfield. However, the water and sanitation problem is
not specific to the Thi-Qar city wellfield. It is possible that
the lack of zine concentrations to the light base
groundwater in the study area where pH values between
7 and 9.3,

We note that the lack of copper concentration and
pollution m the study area within the permitted lunits
2 mg/l, may be caused by some adsorption concentrations
of clay minerals used in the composition of sulphide, due
to the presence of sulphur in the composition of the
region and the conditions of its base water (Fifi et al.,
2013). All well water tested contains manganese at
variable rates between 0.03 and 0.04 mg/I. when the
standard 1s 0.5 mg/L (World Health Orgamization, 2011).
This manganese pollution in most well waters 1s believed
to be due to the countless wild garbage dumps in the
study area. These results lead us to say that the
Thi-Qar

to the chemical

wastewater management method on the
provenance wellfield contributes
pollution of the aquifer of this city.
According to Gerba and Haas (1988), the frequency
and intensity of water contamination varies over time and
according to geography. The populations anarchically
settled on the perimeters of these wells wellfield do not
have a collective sanitation network. Those who do
mdividual sanitation do so, without complying with
current health standards. When the quality of borehole

water is closely analyzed, it is found that it is not polluted
by heavy metals because 1t 15 well protected by
impermeable geological layers.

The nitrate 1s one of the forms of nitrogen 1 water
and 1s found in organic matter; nitrates enter water from a
variety of mcluding carrying
nitrogen-contaimng compounds from the air, domestic
and industrial wastewater contaminated with these
compounds and water from agricultural land where
nitrogen-containing compounds are used as fertilizer. The
high nitrate concentrations in well 3 during Summer and
Spring are due to increased agricultural and biological
activities as well as the presence of decomposing plant

sources, rainwater

residues that add nitrogenous organic compounds to the
environment (Davis and DeWiest, 1966).

The nitrate concentration m the study area 1s
generally low mn which there is no groundwater pollution
by nitrates because the groundwater m this area 1s deep
and far from surface pollution sowces with waste
wastewater industrial waste. Phosphate concentration in
the wells in the study area is high for several reasons; the
most important sources of phosphorus in groundwater
systems include overlying soils, disselution of minerals
that contain phosphate in aquifer sediments, agricultural
fertilizers, animal waste and septic leaks wastewater
systems or infiltration (Fuhrer, 1999).

Silica 1s one of the most important factors for the
growth of phytoplankton it 1s mvolved in the structure of
the cell wall, especially mn diatoms, it 15 produced by soil
degradation, especially containing feldspars, it has a slow
cycle by nature compared to other elements because it
has entered into the structure of diatoms in a way that is
difficult to decompose (Horne and Goldman, 1994). This
study recorded the highest values of silica in Autumn and
Winter, probably due to heavy precipitation during
these seasons which resulted in soil washing and
feldspars melting in groundwater. Tt can be caused by
microorgamisms that degrade minerals and mcrease silica
concentrations water, due to
consumption of diatoms mn groimdwater in the Spring.

The results showed a difference in the presence of
algae in water wells during seasons, there was a
significant mcrease in their presence in the Spring and fall
in the wells studied. Compared to Summer and Winter.
This may be due to the similarity of conditions exposed to
temperature wells in the Spring and fall. The percentage of
green algae was lower than diatoms in the cwrrent study
due to the depth of the wells and the lack of light reaching
the water; these algae require a high level of light for

m  well excessive

growth, reproduction and other activities (Graham and
Wilcox, 2000).
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CONCLUSION

This study found that heavy metal concentrations of
water from individual wells located on the city of Thu-Qar
wellfield varies from one point to another and from one
season to the next. These pollutants are for the most part
above the standard unlike borehole water wlich 1s of
good quality because it 13 well protected by the geological
layers. It is urgent to ensure that the easements on the
wellfield are respected not to pollute the groundwater that
supplies the city of Thi-Qar with drinking water.
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