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Abstract

Abstract

The current study was conducted to evaluate the efficiency Al-Muamirah
treatment plant for the period from October 2020 to August 2021. This is done by
measuring the removal efficiency of BODs, COD, TSS, T.N, PO4, NH3, SO4, NOs,
Cl, and O&G. Moreover, to determine the effluent water quality from the Al-
Muamirah treatment plant that disposed into Hilla drainage water (Al). The samples
of water, sediment, and reed were collected monthly (from October 2021 to August
2022) from three stations along Hilla drainage water (A1) with distances of 0.5 km,
1.5 km, and 3.5 km from the Al-Muamirah treatment plant. Sixteen elements were
collected from Hilla drainage water (A1) and measurd in the field and labrotory.
These elements are air temperature, water temperature, pH, TDS, EC, salinity,
turbidity, DO, COD, Nitrogen, Nitrate, TOC, TH. SOy, Cl, Cu, and Pb.

The results showed that the removal efficiencies of the Al-Muamirah
wastewater treatment plant for BODs, COD, TSS, T.N., PO4, NH3, SO4, NO3, Cl,
and O&G were 92.6%, 78.9%, 94%, 62.6%, 81.8%, 83%, 8.7%, 61.5%, 12%, and
88.8%, respectively.

Based on the values of removal efficiency of the Al-Muamirah wastewater
treatment plant, it has been found an acceptable efficiency in the removal of
physicochemical parameters except for the efficiency of sulfates and chlorides.

Using cluster analysis as a multivariate statistical method on the data has been
attempted (SPSS). Cluster analysis the first consists of two subgroups the months
with similar removal efficiency (from Nov. 2020 to Jan 2021). The worest case was
group No.3(from Oct 2020 to Mar 2021).

This research is to investigate the possibility of using water from the Drainage
to irrigate land in the surrounding areas. The rates seasonal of the following
physicochemical parameters at the study sites: air temperature (14.3 - 47.3°C), water
temperature (13.6 —48.0°C), pH (6.6 - 7.2), TDS (1670-3010 mg/L), EC (3360-6130
ps\cm), salinity (2.15 - 3.92 ppt), turbidity (1.05 - 5.2 NTU), DO (5.65 - 9.0 mg/L),
COD (5.1 - 73.5 mg/L), Nitrogen (0.21 - 0.91 mg/L), Nitrate (0.01-1.5 mg/L), TOC



Abstract

(0.16-1.72%), TH (209-229 mg/L). in addition, SO, (1004-3824 mg/L) in water,
(0.58-1.4 %) in sediment, and (51-69.75 mg/L) in reeds respectively, and for ClI
(459-1345 mg/L) in water, (36-105.97 mg/L) in sediment, (21-30.61 mg/L) in reeds
respectively. The rates seasonal of heavy metal concentrations in water were Cu
(0.042 mg/L) and Pb (0.031 mg/L), in the dissolved phase and sediment
(respectively) (as adry weight) were 0.48, and 1.59 mg/g, while in the residual phase
and reeds (as adry weight) were (0.10, and 0.075) mg/g, respectively.

The physicochemical parameters were within the Iragi standard limits except
for TDS, EC, Cl & SO, in water. The heavy metals in water were within permissible
limits of Iragi standards but, the concentrations of heavy metals in sediment were
outside permissible limits because it accumulates in the soil for several years. Rates
of heavy metals in reeds plants were different between seasons and sites. The water
Is suitable for chlorine-tolerant plants with slight to moderate damage (High effect

on sensitive crops).

II
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CHAPTER ONE
INTRODUCTION

1.1 General Overview

Water scarcity is a concern in many nations, and Iraqg is one of them; as a
result, wastewater treatment plants have become essential for the country to alleviate
some of the strain caused by this issue (Alanbari et al., 2015). The accessibility of
water resources inside nations is one of the most important contributors to economic
growth. As a result, it is essential to safeguard water supplies from the risks posed
by pollution and to control how it is utilized (Cheepi, 2012; Ahmed and Kheder,
2009).

The majority of wastewater is composed of water (99.9%). Organic and
inorganic pollutants both dissolved and suspended solids with microbes make up the
remaining one percent. The elimination of these contaminants is the intended result
of treating wastewater (Samer, 2015). Several factors including water usage,
ecology, the economic and social circumstances of the community, and others
influence the properties of wastewater (Henze et al., 1995).

Various sources generate sewage including residential institutional
commercial and industrial. It is collected and transferred to a sewage treatment plant
(STP) via a network of pipelines (Fikrat et al., 1997). This plant's primary objective
Is to remove contaminants from wastewater and reduce sediments, organic matter,
and nutrients, so that treated effluent may be discharged into natural water bodies
(Erbe et al., 2003). Due to the steady depletion of global water resources and the
large amounts of polluted water in industrial cities give wastewater treatment
operations play an important role in reducing water loss. Simultaneously, as cities

become larger, the volume of chemical and physical loadings on existing plants will

1



Chapter One Introduction

increase, demanding more effective wastewater treatment methods. After it has been
used for a variety of reasons, wastewater becomes the community's water supply.
When sewage water accumulates and is allowed into the septic system, the organic
matter in it dissolved, producing noxious gases. (Qasim, 2009).

Because people are becoming more worried about the environment, they are
paying more attention to how WWTP is run and controlled. Since the waste from
STPs is discharged into a body of water, if they are not run correctly, they could
cause serious environmental problems. Wastewater treatment plants are built and
run to-work like natural treatment systems. In this case, it's essential to pay extra
attention to figure out how existing wastewater treatment plants affect the
environment (Jamrah, 1999).

A performance evaluation of the existing treatment plant is needed for the
reason of determining the quality of the existing effluent or meeting higher standards
for treatment.

The levels of COD and suspended particles are significant indicators of the
efficacy of wastewater treatment plant, which are forms of organic pollutants that
are reduced. The treatment plant's performance depends not only on how well it was
designed and built but also on how well it is run and cared for (Sundara et al., 2010).

The major constituents of wastewater collected from municipal, industrial,
and residential sources are human feces, urine, food waste, household maintenance
products, and shower/bath water, as well as a broad variety of other organic and
inorganic chemicals in trace concentrations (Metcalf et al., 2014).

Conventionally, Wastewater Treatment plants (WWTP) are planned using
empirical formulas and simplified design parameters that can be utilized for building
and constructing treatment units by selecting wastewater parameters, operating

conditions, and effluent requirements (Arif et al., 2018). Pollution is any change in



Chapter One Introduction

the quality and quantity of environmental components that cause an imbalance in the

ecosystem and cannot be eliminated by natural processes (Okoro et al., 2013).

1.2 Statement of the Problem

The station serves the entire city of Hilla. Wastewater is an essential factor
contributing to pollution and environmental diseases. Also, it has adverse effects on
agricultural crops are damaged in terms of slow growth and low rates. After eating
them, they can harm humans. It is essential for wastewater treatment plant work to
treat and reuse it for different purposes such as for irrigation. Consequently,
wastewater must be treated and its performance monitored before it is discharged
into drainage or river, the wastewater is treated according to the Iraqi standards

allowed for agricultural irrigation.

1.3 Objectives of the Present Work.

The main aims of this study are to evaluate the efficiency of the new Al-
Muamirah wastewater treatment plant and to determine the validity of effluent water
from the WWTP that drained into the Hilla drainage system (A1) for irrigation. This
study has many objectives that need to be fulfilled as follows:

1. Assessment of the Al-Muamirah wastewater treatment plant.

2. Studying some physicochemical parameters of drainage water and monitoring
seasonal changes.

3. Measurement of sulfate and chloride concentrations in water, sediment, and
aquatic plants.

4. Measuring the levels of heavy metals like copper (Cu) and lead (Pb) in water,
sediment, and aquatic plants.

5. Studying the correlation between physico-chemical parameters.
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1.4 Thesis Structure

» Chapter One: "Introduction”, includes the general overview, statement of the
problem, and the main aim and objectives.

Chapter Two: "Theoretical Concepts and Literature Review", discusses the
essential concepts and some literature surveys that have been related to our
proposed work.

» Chapter Three: "Field and Experimental works”, includes the methods of
collecting samples and preparing them for physical and chemical
examinations inside the laboratory and some heavy metals.

» Chapter Four: "Results and Discussions" includes discussing the results of
laboratory tests and comparing them with the permissible limits for
agricultural irrigation.

» Chapter Five: "Conclusions and Recommendations", includes conclusions

and future work to improve the quality of the treatment plant work.
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CHAPTER TWO
THEORETICAL CONCEPTS & LITERATURE REVIEW

2.1 Introduction

WWTP plays a significant role in protecting the environment. Thus, it's
essential to keep them operating effectively so that the concentrations of
contaminants they release into rivers after being treated are within acceptable limits
(Awad and Khudhair 2020).

Water pollution affects the environment of the water in many different ways;
one of the most notable changes is the one that could represent changes in
temperature, dissolved oxygen concentration, bottom characteristics, and water
turbidity, in addition to changes in food value and excessive growth damages, and
food enrichment that results in the accumulation of the degraded organic materials
that contaminate the water and change the values of pH. The degree of the dangerous
change is determined by the sort and amount of the pollutant, besides the water
properties (Al- Adhamy, 1987).

water makes up most of our planet's surface, it is considered the most harmful
type of pollution (Konar and Mullik, 1993).

Due to the rise in pollution from industrial, agricultural, and domestic sources,
the contamination of water resources has become a significant problem worldwide.
As aresult, providing safe water for needs such as drinking, agriculture, and industry

has gained more attention on a global scale (Al-Meini, 2010).
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2.2 Composition and Characteristics of Wastewater.

Wastewater contains over 99.9 percent water; the remaining materials include
suspended and dissolved organic and inorganic matter as well as microorganisms.
These materials give physical, chemical, and biological qualities that are

characteristics of residential and industrial wastewater (Hussain, 2011).

2.2.1 Physical Characteristics.

Temperature, color odor, density, turbidity, and density are all described as
physical properties of municipal wastewater. The following physical parameters
(Qasim, 2018):

1. Temperature: Temperature affects the solubility of gases, bacterial activity, and
viscosity. It varies from 15 to 25 °C.

2. Color: The color of wastewater is light gray, and it can also be dark gray or black.

3. Odor: Wastewater may have a soapy or greasy odor, whereas the odor of
residential wastewater is caused by gases released by organic matter
decomposition. hydrogen sulfide (H.S) and other decomposition products are the
most odorous gas in septic wastewater.

4. Turbidity : is caused when small particles mix with the water stream and stay in
suspension due to the motion of the water (colloids).

5. Density: ranges from 1.02 to 1.05 tons/m?.

2.2.2 Chemical Characteristics.

The chemical characteristics of wastewater are represented in terms of
inorganic and organic components. The organic components, total suspended
particles, and inorganic proportion of wastewater are discussed in more detail
(Qasim, 2009) as follows:

1. The pH ranges between 6 and 8.
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2. Biochemical Oxygen Demand (BODs): It is the amount of dissolved oxygen
that bacteria required to oxidize organic matter in wastewater, under typical
incubation conditions of 20 °C for five days.

3. Chemical Oxygen Demand (COD): It is a measure of organic material that
guantifies the amount of oxygen needed by a strong oxidizing chemical agent
(potassium dichromate) to chemically stabilize all organic matter (bio-
degradable and non-biodegradable) under acidic conditions.

4. Hydrogen sulfide (SO42): is a dense, colorless, strongly odorous toxic gas that
corrodes infrastructures and impairs the performance of wastewater treatment
operations.

5. Nitrogen (ammonia). It is measured in its different forms: nitrite, nitrate,
ammonia, and organic nitrogen (which is the amount of nitrogen present in
organic compounds).

6. Chlorides: The main chloride sources in water are industrial effluents, which
usually contain high chloride concentration and are discharged from metal
smelting, flue gas desulfurization and inland seawater desalination.

2.3 Literature Review.
2.3.1 Wastewater Treatment Plant.

According to Al-Wardy et al. (2021), Wastewater treatment is the process of
altering the quality of wastewater, so it meets the standards for water discharged into
surface waterways. In this study, the performance of the oxidation basin is examined.
The work is associated with the Al-Muamirah WWTP in Hilla, Babylon
governorate, Iraq. The samples were collected from the in and out of a plant. The
plant's wastewater and treated water output are checked for contaminant factors. The
monthly BODs, COD, TSS, NH3, and PO, removal efficiencies are determined to be
91%, 78%, 93%, 69%, and 69%, respectively. Consequently, it is effective at
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treating wastewater and producing water that conforms to Iragi environmental
guidelines for discharge to surface water.

Kumar et al. (2010) investigated how well a wastewater treatment plant
works. For the case study, WWTP which uses the biological treatment method
(Activated Sludge Process) and gets a rate of 23 (Million Liters per Day) of
wastewater has been taken into account. The BODs, COD, TDS, and TSS were tested
on wastewater samples collected at various stages of the treatment units. It is
determined how effectively each unit treated pollution. The plant's overall
performance has also been estimated. The results are useful for identifying and
resolving operational and maintenance issues and planning the facility's future
expansion to accommodate the increased hydraulic and organic loads.

Hadi (2014) evaluated the quality parameters of Al-Muamirah WWTP in
Hilla. The plant is designed to serve 50,000 people and uses the activated sludge
process, a biological treatment process. A daily average of 12,000 m%d of
wastewater enters the plant. The Hilla Mayoralty collected wastewater data from the
influent and discharge of the WWTP for significant water quality parameters
including (BODs, COD, TSS, pH, T, and CI) for six years. Each year, the plant's
performance removal efficiency has been evaluated. Cluster analysis from the
Statistical Package for the Social Sciences was used to test a multivariate statistical
strategy on the data (SPSS). The outcome indicates that the existing's overall
performance is acceptable. Cluster analysis demonstrates that 2009, 2010, 2011, and
2012 are all treated better than 2007 and 2008. Based on a six-year average, the
effluent quality does not exceed the strict standards of Regulation 25 of the 1967
Iragi National Standards. In total wastewater, the computed BODs/COD ratio of the
influent is 0.49.

Alyaseri (2016) showed that due to improper design and/or implementation

of the structural plan, a lack of operators, a power shortage, and inadequate

8
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maintenance. In Al-Samawah WWTP is suffering considerable issues. The oil and
grease, TSS, CI-, NH;, COD, and H,S data for the influent and effluent of Al-
Samawah WWTP from 2012 to 2015 were collected, evaluated, and compared to
national and international standards to evaluate the performance of this plant. The
plant was unable to reduce the pollutants sufficiently and hence could not comply
with the standards. The average concentrations (mg/L) of O&G, TSS, CI, NHs,
COD, and H,S in the effluent were (respectively) (42.0, 5.4, 3.5, 1.6, 1.2, and 1.2)
greater than the local requirements. The untreated wastewater was released, making
the plant the largest point source polluter in the region (about 20,000 m3/day). In
addition to the preliminary, primary, and tertiary treatment of the existing processes,
which must be designed and implemented by professionals, it was suggested that the
plant initiate a comprehensive maintenance program for its components to achieve
an acceptable level of treatment.

Amjad et al. (2019) evaluated the treatment plants for National
Environmental Quality Standards (NEQS) and to check the efficiency of functional
components of the treatment plant. Water samples were collected from various
points of the treatment plant to perform various onsite and laboratory tests (DO,
BOD5, COD, Cl-, TSS, and pH) to check the efficiency of the wastewater treatment
plant. The results obtained for each water quality parameter (physical, chemical, and
biological) were compared with NEQS. The recommended value of DO was greater
than 2 mg/L, and for BODs, COD, ClI, TSS, and pH by NEQS were less than 80
mg/L, 150 mg/L, 1000 mg/L, 150 mg/L, and 6.5 — 9, respectively. The measured
values of DO, BODs, COD, CI, TSS, and pH were 0.3 mg/L, 310 mg/L, 48 mg/L,
1760 mg/L, 204 mg/L, and 8.3 respectively. The values of DO, BODs, TSS, and CI
were over the recommended ranges of the NEQS. More facultative and anaerobic
ponds should be constructed to treat the total wastewater generated in Pattoki

(Pakistan), as the present plant treated almost one-fourth of the total wastewater
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generated in Pattoki. Aerators should be provided at the aerobic ponds for improving

the efficiency of the wastewater treatment plant.

2.3.2 Drainages and Rivers.

Alham et al. (2016) evaluated water in the northern and southern Kufa
drainage systems. The study entailed the collection of eight samples per month for
one year, with each season containing an average of three months. The data indicated
that the EC of the two Kufa drainage water during the spring season was low
compared to other seasons due to the low rainwater, whereas the electric
conductivity increased during the summer season as a result of drainages progressing
and the increased evaporation. The decrease in evaporation caused by the high level
of drainage water and the restriction of the drainage process on agricultural land, led
to EC decreasing slightly during winter, and autumn. In addition, the results
indicated that the salinity of the southern drainage water was moderate according to
the categorization system of the United States salinity lab since there is a treatment
station named baraka that drains its pollutant.

Mohammed (2019) studied the irrigation and drainage projects in the Al-
Kefel area giving a good idea of how water could be used and how to make the most
of this valuable resource. This was especially important because the study area had
a shortage of water discharge rates for different uses. Primarily the needs of
agricultural land and crops planted with water for irrigation, problems, and losses,
which called for the inadequacy of irrigation schedules and gave some solutions and
proposals that would improve irrigation in the area. It also showed that the drainage
varied in how well they served agricultural land by comparing the total length of the
agricultural areas they serve.

Qahtan (2012) investigated whether or not the drainage water in the area to

the north of Baghdad city (including the areas of Al-Rashidiya and Al-Husainiya)
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was suitable for the irrigation of crops. Due to the high levels of salt and chemical
characteristics (chlorides and magnesium), the results showed that drainage water
was suitable for the irrigation of non-sensitive (very tolerant) crops. However,
agricultural lands that used this water, need the drainage process.

Kizar (1999) evaluated the drainage water of the of Hilla-Kifil irrigation
project to determine whether it is suitable for use in irrigation. In the project, samples
of drainage water were collected at a variety of points along the main drain. To
determine whether these samples of drainage water were suitable for use in
irrigation, chemical analysis was performed on them. According to the findings of
the study, drainage water from many different areas can be successfully used for the
irrigation of a variety of crops, whereas drainage water from other locations can only
be used for certain types of crops.

Mohammad & jassim (2014) studied the water quality in a particular region
of the Al-Hussainia sector was evaluated it to see whether it can be used for
irrigation. For the chemical evaluation of the Al-Hussainia main drain, the salinity
problem's most significant indicators are (EC, TDS, sodium adsorption ratio, and
sodium content). The findings demonstrated that sodium indicators did not harm
crop output. All locations indicated that the water in the research region was suitable
for irrigation.

Saleh & Afrah (2015) Investigated the Kifil Shinafiya project. Al-Shamia
west drainage water is located 200 km to the south of Baghdad, between the two
Euphrates River branches (Shatt Al-Kufa and Shatt Al-Shami). Nine locations were
selected along the drainage (75 km) to evaluate water for irrigation from October
2013 to July 2014. Seven Chemical and physical parameters were collected (SO42,
Cl,, TH, Turbidity, TDS, pH, EC). Several mathematical relations were used to
estimate Al-shamia west drainage water cation and anion concentrations. Using

SPSS regression and correlation. The results of physical and chemical analyses of
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water indicated that it was unsuitable for irrigation in the majority of sites and
months, but could be utilized for the agriculture of salinity-tolerant crops on well-
drained land in accordance with acceptable standards.

Rasheed et al. (2015) determined the physical and chemical properties of the
Al-Shamya drainage. Four sampling locations on the Al-Shamyia drainage were
chosen, and monthly samples were taken from Mar 2012 to Feb 2013. The results of
the investigation indicated a consistent correlation between air and water
temperatures at all locations. The pH values were in a narrow range in all study
months. Turbidity values ranged from 0.15 - 51.5 NTU and TSS from 2 — 60 mg/L.
EC recorded values ranged from 880-1300pus/cm, salinity 0.56 - 0.83 ppt, and TDS
475.2 — 702 mg/L. This study showed that the Al-Shamyia drainage water was well-
oxygenated. A high percentage of oxygen saturation was recorded during the study
period, while BODs values did not exceed 5 mg/L. The study showed that Al-
Shamyia drainage water was slightly alkaline, in which HCO3; was dominant. The
water in the study area was very hard. Sulfate was dominant among all ions, and
chloride ion values ranged from 112.3 - 173.5 mg/L. NO; and reactive PO, were
recorded in high concentrations in winter months.

Razzak et al. (2021) examined the levels of five different heavy metals in the
water, sediments, and aquatic plants (reed plants) of the Euphrates River from Nov
2019 through Oct 2020. Three locations were selected, and samples were collected
monthly in the morning to measure (air and water) temperature, pH, EC, TDS,
turbidity, DO, BODs, TH, TOC, and soil texture. Moreover, examined dissolved
heavy metals (Cu, Zn, Cd, Cr, Pb) in water, sediment as residual phase, and reeds
plants. Air temperature (11 - 43 °C), water temperature (9 - 31 °C), pH (7.5 - 8.5),
Turbidity (18.49 - 53.27 NTU), EC (950 - 1920 us/cm), TDS (820 - 1450 mg/L),
DO (5.2 - 10.3 mg/L), BOD (2 - 15 mg/L), TH (620 - 1250 mg/L), TOC (0.055 -

2.87%), and soil texture findings showed percentages (90% silt, 5% sand, and clay).
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(Cu, Zn, Cd, Cr, and Pb) yearly mean levels in the water (dissolved phase) were
(respectively) 1.75, 0.81, 1.23, 1.71, 0.81 pg/L, in the Sediment (residual phase)
(respectively) 2.11, 4.78, 0.2, 2.93, 0.61 pg/g, dry weight, and in reeds plants
(respectively) 3.18, 8.78, 0.14, 0.64, 1.83 ug/g, dry weight. Heavy metal
concentrations in the water exceeded the standard limits for Iragi and WHO, while
sediment levels were within these limits.

Hassan et al. (2010) studied the changes in the environment along the
Euphrates River in central Irag, from the Al-Hindiya barrage to Al-Kufa city. Along
the study area, seven locations were chosen for sampling from March 2004 to
February 2005. The heavy metals concentrations in water and sediment (Pb, Mn, Cu,
Fe, Zn, Cd, Ni, Co, and Cr), in addition, measured the pH, EC, TSS, TDS, DO, air,
and water temperature. The results showed the TH in this part of the river was very
hard and with a high level of BODs. The levels of nutrients changed a lot from one
season to other.

Varol et al. (2010) studied the Tigris River of contamination in Turkey's
Diyarbakir district. They observed that the Diyarbakir region negatively affected the
water quality of the Tigris River, particularly after the discharge of (WWTP).
Concentrations of COD, T.N., and PO, Significantly increased downstream of the
Diyarbakir, Turkey WWTP discharge location.

Hussain (2009) studied some environmental parameters such as pH,
temperature, turbidity, EC, CI, TH, BODs, TSS, and TDS for the Tigris River from
October 2002 to March 2003, and selected four stations. The results found that
temperature ranged between (11.7 - 30 °C) for four stations, and pH values ranged
from 6.6 to 8.3. Al-Twetha station contained the highest BODs concentration (7.5
mg/L). In October, the highest value of EC was 2069 ps/cm, and 800 mg/L of Cl in

November. The highest TH value (225 mg/L) was recorded in November. The values
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of TDS and TSS were (respectively) 2210 and 480 mg/L obtained during March and
January.

Al-Khafji et al. (2011) found that the levels of manganese, cadmium, lead,
and copper in the Euphrates River at Nasiriya were significantly elevated as a direct
result of the presence of industrial activity in the surrounding area.

Alkam et al. (2012) found that the metals that accumulate in the water
eventually reached the food chain. From 2012 (autumn) to 2013 (summer), samples
were taken every month from three locations along the Diwaniyah River. In this
study, copper, zinc, cadmium, and lead concentrations in water and sediments have
been measured. Also, some of the physical and chemical properties of water were
tested. Flame atomic absorption spectrometry was used to measure the
concentrations of heavy metals. The results showed that samples of water and
sediment had the most Pb and Zn than any other heavy metals. But the concentrations
of heavy metals found in the water and sediments were lower than what WHO
recommends. The study showed that the concentrations of heavy metals in the
environment were going up. So, there is a need for serious warning about pollution
from industry and people, which can harm ecosystems and the food chain.

Al-Obaidi (2009) examined the water hardness and turbidity in the Tigris
River in Baghdad (from November 2005 to October 2006). He noticed an increase
in turbidity values during the winter months as a result of the rainfall and the flow
of the High River. Regarding the water's hardness, it has been discovered that the
values of raw and treated water were the same and that the water's hardness remains
within the range of (215 - 465) mg/L. The highest quantities were recorded in
February at the Al-Dora and Al-Rasheed water treatment plants.

Mohammed et al. (2010) measured nitrate, phosphate, sulfate, and chloride
in the Tigris River (in Mosul city) from September 2005 to June 2006. They found

that the concentrations of nitrate and phosphate raised when the river flow increased
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and decreased with reduced river flow (reached up to 1.05 mg/L in Jun. for NO3 and
0.482 mg/L in Apr. for PO,4). The lowest concentrations were 0.285 mg/L in Dec.
for NO; and 0.07mg/l in Jan. for PO,). In general, the sulfate and chloride
concentrations changed in the opposite direction of the river flow. The highest
sulfate and chloride concentration was in January, and the lowest was in June. The
highest sulfate concentration was 170 mg/L, and the highest chloride concentration
was 33.4 mg/L. The lowest sulfate and chloride concentrations were 68 mg/liter and
15.6 mg/L consecutively.

2.4 Summary

In previous studies samples were taken from the treatment plant to evaluate
the removal efficiency, then water, sediment, and reed samples were taken from the
river and physical and chemical parameters were conducted on them.

In the current study, data were taken from the treatment plant to evaluate the
removal efficiency, after which water, sediment, and reed samples were taken from
the drainage, and physical and chemical parameters were performed and compared

with the permissible parameters for agricultural irrigation.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Description of Study Area.

3.1.1 Al Muamirah Wastewater Treatment Plant.

This plant was built in 2019 and designed to have a maximum bulk of 107000
cubic meters per day. This is enough to serve the whole city of Hilla, on together
sides of the river, which has around 970000 people. But Hilla city's conveyor pipe
and network the sewers are still being built, and at the moment, it gets wastewater
of about 30000 m®/day capacity. The small amount of input is because the pipes
carrying the sewers of Hilla are not finished yet, which it transmits to the origin of
the fine refineries and the facility for removing sand and fat. After removing sand
from the sewage water, the water goes to the Aeration tank with two oxidation
basins, which consists of two stages. The first stage is the removal of phosphorous
and nitrogen, then the ventilation process to activate bacteria, and then the water
goes to the origin of the distribution basin through A pipe diameter (2m). A ductile
type distributes wastewater to four circular sedimentation basins, with a diameter of
one basin (50 m). Alum is added during the distribution of water to the sedimentation
basins to accelerate and increase the sedimentation efficiency, where the alum is
injected through a special pump at the injection site. After the sedimentation process,
the treated wastewater sends to the origin of the contact basin, where chlorine is
added to the water for sterilization, and then sterilized chlorine water goes to a
pumping station where the treated wastewater is poured into Hilla drainage system
(Al). The sediments are extracted and they send to the drying beds. A complete

outline of the plant units is shown in Fig (3.1).
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Fig (3.1): Image plan of Al-Muamirah wastewater treatment plant, Hilla
(Al-Muamirah project office, 2021).

3.1.2 Dimensions and Specifications of the Treatment Units.
The dimensions and specifications of Al-Muamirah project treatment units are
explained as follows:

1. Coarse Screen.
It is the first step in the preliminary treatment stage and consists of three units

that remove large items from the flow stream. In the beginning of the treatment plant,
at the entry to the pumping plant, there are screens installed to protect the mechanical
equipment that will be used in later stages of the processing (Fig. 3.2a).

2. Fine Screen.
It is another way to deal with the first stage physically. It has three parts that

are used to remove fine solids and protect equipment that might be more sensitive to
solids (Fig. 3.2b).

3. Flotation Tanks.
Itis a closed tank with two entrances. One comes from the grit chamber, and

the other is connected to the return pipe. These tanks have an anaerobic treatment
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stage. In the first stage, anaerobic bacteria take out nitrates and some phosphorus
(Fig 3.2¢).

4. Primary Sedimentation Waste Basins with Activated Sludge.
It is divided into two parts the first is to remove nitrogen and phosphorus by

anaerobic bacteria in the absence of oxygen. Second, in this stage oxidation is used
In the presence of oxygen with aerobic bacteria (Fig. 3.2d).

5. Distribution Basin.
This tank has electrically controlled gates that let the water go into and out of

the collection and distribution tank. Also, it has three arcs that move water to the
sedimentation tanks, drain treated water to the contact tank, and move sludge to the
return tank. Alum is also added to this tank to help it settle down more (Fig. 3.2e).

6. Secondary Sedimentation Basins.
Bridge skimming is done in four tanks that hold sediment. Each sedimentation

tank is 45 meters in diameter and has two bridges. The sedimentation tank separates
the treated water from the sludge. Also, solids that float to the top are thrown away,
and clean water is sent to contact tanks and the last stage (Fig. 3.2f).

7. Alum Room.
In this stage, it is added to water before it reaches to contact basin (Fig. 3.29).

8. Contact Basin.
This is the last stage, where the treated water goes to drainage (Fig. 3.2h).

9. Chlorine Room.
In the contact basins, the sterilization process takes place. Microorganisms

and microbes are killed by adding chlorine to the water in these basins. According
to the specifications and it is not clear after that the chlorine is removed or not (Fig.
3.2i).

10. Drying Beds.
There are 16 drying beds that use filters to separate sludge and let it dry in the

sun (Fig. 3.2)).
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Fig. 3.2: Al-Muamirah treatment units, (a): coarse screen; (b): fine screen; (c):
Flotation tanks; (d): Primary sedimentation basins; (e): distribution basin; (f):
Secondary sedimentation basins; (g): alum room; (h): contact basins; (i): chlorine
room; (j): drying beds.
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3.1.3 Hilla Drainage System (Al).

The Hilla drainage system (A1) is one of the public utility wastewaters within
the Hilla-Diwaniyah project (semi-reclaimed) and it crosses the drain parallel to
Amer Katran road in the district of Hilla in the district of Al-Kifl. The number of
families benefiting from the drainage is (140) and the design information of the

drainage can be seen in Table (3.1).

Table (3.1): Design information for Al-Hilla drainage system (Al).
I Drainage length (Km) 12.690 I

Design drain(m3\sec)

The design water level at the beginning when pouring (m)
Bottom width(m)

Drainage depth(m)

Water depth(m)

Side slope

Longitudinal slope

The Hilla Drainage (A1) discharge the water to the Jahsh River, which is fed
from the Shatt Al-Hilla River, to use the trough water to irrigate agricultural lands
in the two streams of Dora and Al-Amir, as many secondary drainages pour into it,
some of which are public and other are private, which are eight (A1A, A1B, A1C,
AlD, AlE, AlF, Al1G, AlH) and the length of each of them in kilometers
(respectively) is as follows (0.830, 2.05, 0.890, 0.965, 1.270, 1.510, 1.670, 1.580).
The Hilla Drainage (A1) pours into the drainage CDIIA trough at the kilometric site
of the estuary (17.62 km), which eventually empties into the eastern Euphrates
drainage as it is shown in Fig (3.3).

20



Chapter Three Materials and Methods

451000 454000 457000 448000 451000 454000 457000
L

3588000

3588000

NS J)K

3588000

3584000
3584000

3584000
3584000

°
3
]
H
H
8

3580000

i

3580000

3580000

Y X
324240756 44 4674833 station coordinates
I

sites.
32 4267964| 44 4723377 |
[[32.4230188] 4446613

324245221,

Q

(0]

2

o H
V) 3
f: 8
()
3

a

3576000
3576000

3576000

T eoy ueesi e

3572000

3572000
-
3572000

4540m 457000 48000 41000 454000 467000

Fig (3.3): The Hilla drainage system (Al)(Babylon Resource Department)

3.2 Sampling Stations.

The study area was divided into three main stations along drainage between
the latitude (44,4674833) and longitude (32,4240756), Three stations were taken
from the drainage system (Al). The geographical coordinates of sampling sites were
determined using the geographical position system GPS as shown in Table (3.2).
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Tables (3.2): The coordinates of the three study locations established by GPS.

Study sites The latitude The longitude
Site 1 44.4723377 32,4267964

Site 2 44.4661378 32,4239188
Site 3 44.4705946 32,4245227

Three stations were taken for the study as shown in Figs (3.4, 3.5 & 3.6):

1. First Site.
The first station is located to the south of the WWTP about 500 m. The width

of the drainage in this section is about 4 m, and its depth is 2.5m (Fig. 3.4).

(e

Fig. (3.4): First site of study in drainage Al.
2. Second Site.

It is located at a distance of 1.5 km to the south of the WWTP, where the width

of the drainage in this section is 3m and its depth about 2m as shown in Fig (3.5).

o

Fig. (3.5): Second site of study in drainage Al.
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3. Third Site.
This site is located to the southeast of the WWTP, about 3.5 km. The width

of the drainage in this section is about 4 m, and its depth is 3 m (see Fig. 3.6).

T ™ o

3.3 Materials.

3.3.1 Apparatus and Instruments.

The following apparatus and instruments were used in the experiments of the

work as presented in Table (3.3).

Table (3.3): Apparatuses and types of equipment used in this study.

Apparatus & Instruments

Purpose

Atomic Absorption Spectrometry (AAS).

Measuring of heavy metals

Burning furnace

Using for burning sample.

pH meter

Measuring of pH value.

Electrical conductivity meter

Measuring of EC.

Thermometer

Measuring of temperature.

TDS meter

Measuring of TDS.

Heater device

Using for heating sample.

Filter paper

Using filtration.

Turbidity meter

Measuring of turbidity.

Kjeldahl device

Measuring of Nitrogen.

No.
1
2
3
4
5
6
7
8
9

10
11

UV device

23
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3.3.2 Chemical Materials.
Table (3.4) shows the list of all the chemicals used in this study's methods and

protocols, as shown in.

Table (3.4): Chemicals materials used in the study.

I ; Chemical Materials Chemical formula I

No

1 | Nitric acid HNOs3

2 | Hydrochloric acid HCI

3 | Perchloric acid HCIO4

4 | silver nitrate AgNos

5 | potassium chromate K2Cr207

6 | Barium Chloride BaCl

7 | Sodium Thiosulfate Na2S203.5H20
8 | Sulfuric acid H2SO4

9 | Ammonia ferrous sulfate Fe(NH4)2(SO4)26H20
10 | Ammonium sulfate (NH4)2S04

3.4 Methods.
3.4.1 Samples Collection.

A sampling of physical, and chemical parameters was performed from Three
stations according to monthly basis from October 2021 to August 2022, to show all
the seasons. Most of the time, sampling began at 11 a.m. and ended at 3 p.m.

+ At a depth of 30 cm, water samples were taken from the middle of the drainage
and put in 2-liter plastic bottles.

+ Samples of sediment were taken with a Van Veen Grap sampler and kept in
plastic bags with labels.

s Aquatic samples were collected (reed plant) and then transferred to the

laboratory.
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3.4.2 Field Measurement.
3.4.2.1 Air and Water Temperature (T).

The temperature of the air and water were measured in the field with a
mercury thermometer that ranged from 0 to 50 °C with increments of 0.1. This was
done at a depth of 20 cm. the measurement was taken after the temperature was
stable for a few minutes according to APHA (2017) as shown in Figs (3.7). The

results were expressed as ° C.

Fig (3.7): Air and water temperature.

3.4.2.2 Hydrogen lons (pH).

According to Association of officiating Analytical chemists AOAC (2005),
the portable pH-meter model was used to conduct the measurements immediately in
the field (WTW pH. 720). Before each sample, the instrument was calibrated with a
standard buffer solution (with pH values of 4, 7, and 9) (Fig. 3.8).

3.4.2.3 Electrical Conductivity (EC).

The conductivity of water was examined using a portable EC-meter in the
field (WTW EC. 720). Automatic temperature adjustment was included with the
device. The outcomes were presented as us.cm™ by APHA (2017), (Fig. 3.8).

25



Chapter Three Materials and Methods

Fig (3.8): pH & Electrical Conductivity (EC).

3.4.3 Laboratory Measurement.
3.4.3.1 Salinity.
Salinity was calculated depending on EC value (Richards, 1954) according to
the following Equation (3.1):
Salinity (ppt) = EC x 0.64/1000 (3.1

3.4.3.2 Turbidity.

The turbidity was measured with a turbidity meter (HACH.2100N.). Before
taking each sample, the apparatus was adjusted using reference solutions. According
to APHA (2017), the outcomes are presented as NTU (Nephelometric Turbidity
Unit), (see Fig 3.9).
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3.4.3.3 Total Dissolved Solids (TDS).

This method explained by APHA (2005), involved the filtration of 50ml of
the material using filter paper 42 - 44. The whole filtrate (with washings) was
transferred to the weighted evaporation dish to evaporate until dry in the drying
oven. Initially, dry the evaporated sample for at least 1 hour at 180 to 200 °C in an
oven, then cool it in a desiccator to balance the temperature. Repeat the drying cycle
that comprised drying, cooling, desiccating, and weighting for at least one additional
hour to achieve a consistent weight or until the final weight is changed with no or
more than 4% of the initial weight or 0.5 mg (whatever is less). Finally, the total
dissolved solids were calculated as follows (see Equation 3.2):

(A—-B) x1000
Sample volume, ml

Mg total dissolved solids/L = (3.2)

where, A is the weight of dried residue + dish, mg; B is the weight of the dish, mg.

3.4.3.4 Total Hardness (TH).

The sample of 10 ml was diluted to 50 ml with distilled water. Then, 1 ml of
ammonia regulator solution with a pH of 10 was added to find the total hardness.
This was done by adding a few dry indicators (Erichrom black T) as reagents and
titrating against 0.02N EDTANa2 solution (APHA, 2012). The following equation

(3.3) is usually used to calculate the total hardness:

Total hardness as CaCO; mg/L = A X B X 1000/mL of sample (3.3)

Where: A is the number of titrations; B is the amount of calcium carbonate needed
to make 100 ml of EDTA titrated.

3.4.3.5 Dissolved Oxygen (DO).
Dissolved oxygen was determined by an acid modification of the Winkler

method as described by (APHA, 2012), which was summarized by fixing oxygen
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infield, and the bottle was shaken thoroughly to dissolve the precipitate. The sample
was subsequently titrated against (0.0125 N) Na,S;03.5H,0 (Sodium Thiosulphate
Solution) using 2 ml of starch solution as an indicator. The results were expressed

as mg. L. DO values were calculated using Equation (3.4) as follows:
DO(mg/L) = (V, x 8000 x 0.0125)/(V; —1.3) (3.4)

Where: V; is the volume of titrating; V1 is the volume of the sample.

3.4.3.6 Chemical Oxygen Demand (COD).

The open reflux method was established by APHA, (2012) to measure the
chemical oxygen requirement. This was done by adding 50 ml of concentrated
sulfuric acid and adding 25 ml of 0.25N potassium dichromate. Then, the flask was
connected to the condenser, and the remaining sulfuric acid of 70 ml was added. The
device was heated to the boiling point for two hours, then left to be cooled and wiped
with 0.25M ammonia ferrous sulfate solution. After that, add 2-3 drops of Veron
reagent, where the color changed from bluish green to reddish_ brown all the
previous steps were performed on a sample of distilled water, which represents the
blank. the chemical requirement for oxygen was calculated using Equation (3.5)
(Fig. 3.10).

CODasmg 0,/L = {(A—B) xM x 8000}/ml of sample (3.5)

Where: A is the volume of ammoniac ferrous sulfate with distilled water used as a
corrector (ml); B is the volume of ammoniac ferrous sulfate used with the sample
(ml); M is the molar ammonium ferrous sulfate; 8000 is the milli-equivalent weight

of oxygen x 1000 Express the results in units of mg/L.
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Fig (3.10): UV device used for COD.

3.4.3.7 Chloride (CI").

According to the APHA (2012), silver nitrate titration was utilized to evaluate
the chloride ion content in water samples. 10 ml of the sample was diluted to 100 ml
with water, and 1 ml of potassium chromate indicator solution was added, the sample
was titrated against a 0.0141N solution of silver nitrate, causing the color to change
from yellow to orange depicted in Fig. (3.11). The CI concentrations (mg/L) were

calculated using Equation (3.6) as follows:

cl (%) = ((A — B) * N * 35.450 = 1000) /V (3.6)

Where: A is represented the initial reading of the sample; B is the standard for the
initial reading of the blank; N is the symbol for the normality of silver nitrate
(0.0141); V is the sample size.

Fig (3.11): Chloride ion testing in the water.
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3.4.3.8 Chloride in Soil.

A certain weight was taken from the crushed soil and a certain amount of
distilled water was added to it, provided that the mixing ratio was 1:5. For example,
If it was taken the weight of the soil 2.5g, and added 125ml distilled water to it (left
for an hour), then filtered it on filter paper No 42. After filtering, 25 ml of the filtrate
was taken, and dropped of potassium chromate guide was added to it. The color
becomes yellow. The model was titrated with silver nitrate until the color changed
to red-brown, and the volume was taken. The method was described according to
Manali and Jeffrey (2016) (Fig. 3.12). Equation (3.7) is used to estimate the chloride

in the soil as follows:

cl (g) = ((A—B) = N * 35.450 = 1000) /V (3.7)

Where: A is the second size to clear; B is the first size to clear; N is the normality of

AgNOs3; V is the sample weight.

Fig (3.12): Chloride testing in the soil.

3.4.3.9 Chloride in Reed Plant.
Chloride in the reed plant was analyzed in the lab according to Babalola et.
(2001). The weight of 0.5 g of dried leaves was put in a beaker and added to it nitric

acid 10 ml concentrated, left for 24 hours on a hot plate for heating to 70 C° and cool
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it by adding distilled water. Then, washed the filter paper and its precipitate with hot
water until reaching a volume of 25 ml. After that, the chloride in the reed plant was
calculated similarly to the procedure of calculating the chlorides in the water.

3.4.3.10 Sulfates (SO4+?).

According to the procedure of calculating the sulfates by the APHA (2012), it
was taken 100 ml of the water sample to be tested and added 5 ml of hydraulic acid.
The mixture was heated to the stage of the start point of boiling. Then, 10 ml of
barium chloride was added and left for two hours to be cooled. Next, the precipitate
formed after filtering was filtered. The precipitate was washed with distilled water
and transferred with filter paper to an alumina crucible. after that, it was burned in a
burning oven at a temperature of 850 ° C. Finally, it was cooled and its weight was
taken (see Fig. 3.13). The sulfate concentrations (mg/L) were calculated using
Equation (3.8).

S04 (%) = ((W1—W2) +411.5 * 1000)/V (3.8)
Where: W1 is the weight of the lid before burning; W2 is the weight of the lid after
burning; V is the sample size.
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3.4.3.11 Sulfates in Soil.

According to Manali and Jeffrey (2016), a certain weight of the crushed soil
to be examined was taken at 3g and added HCL to it with a concentration of 10%.
The blend was placed on a heating device until it boils and then filtered on filter
paper No 42. It was washed with hot distilled water and placed on a fire until it boils.
It was removed from the fire and 7 ml of barium chloride was added, then left for
the second day, filtered on filter paper 42, and the sediment is washed well with hot
water until it becomes clean. The filter and precipitate were weighed and then placed
in an alumina crucible. Then, the mixture was ignited at 850 °C, for a quarter of an
hour, cooled in a desiccator, and then taken its weighting (Fig. 3.14). Equation (3.9)

was used to calculate the Sulfates concentrations in the soil as follows:

Fig (3.14): Sulfate testing in the soil.

%S03 = (W1 — W2) % 34.3/W (3.9)

Where: W1 is the weight of the lid before burning; W2 is the weight of the lid after
burning; W is the sample weight.

3.4.3.12 Sulfates in Reed Plant.
Sulfates in the reed plant were analyzed according to Babalola et al. (2001).
0.5 g weight of dried leaves was taken in a beaker and added 10 ml of nitric acid to

it concentrated, and left for 24 hours. it was heated to 70 ° C on a hot plate and then,
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left for cooling. Next, 2 ml perchloric acid was added to it and heated for 15 minutes
without drying. Following, the mixture was cooled by adding distilled water to it.
After that, filter paper and precipitate were washed with hot water until reaching a
volume of 25 ml. Finally, the sulfate was calculated by the same calculated

processes for water.

3.4.3.13 Nitrate (NO3").

According to APHA (2012), 2 ml of 1N HCI was added to a sample that has
already been diluted (5ml of sample in 50ml of deionized water) and the nitrate ions
were measured with a UV-spectrophotometer at 220nm, as shown in Fig (3.15). The

results were written with the unit of mg/L.

Fig (3.15): UV device used for Nitrate.

3.4.3.14 Nitrogen

For Nitrogen analysis, a sample of sulfuric acid (H.SO,) was heated to 360 —
410 °C. By combining with oxygen, the organic sample broke down and released
ammonium sulfate, a form of reduced nitrogen. Most of the time, ammonium sulfate
was used as a catalyst. Selenium, and Hg,SO4, were added to speed up digestion,
and Na,SO, was added to make H,SO4 boil at a higher temperature. The digestion
was done when the liquid was clear, and there were no more fumes, according
to Kjeldahl (2022), (see Fig. 3.16).
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Fig (3.16): Kjeldahl Device.

3.4.3.15 Total Organic Carbon Content in the Sediment.

A sample was taken from the dried soil at a temperature of 80 °C, which was
passed on a sieve No. 40, and a sample was weighed before burning and entered into
the oven at a temperature of 450 °C for 1.5 - 2 hours. Then, the weight was taken
after burning (Fig. 3.17). Then divded the difference in weight by the original
weight.The percentage of total organic carbon measured according to (ASTM-
D7348- 2021).

Fig (3.17): TOC Test.

3.4.3.16 Volumetric Analysis of Sediment Particles (Hydrometer).

The condensate method uses a hydrometer for estimating the percentage of
sediment components as explained by (Bashour and Al-Sayegh, 2007). A weight of
50 g of dried and homogeneous soil was placed in the mixer. Then, added an amount
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of distilled water and 10 ml of silicon-separated solution sodium
(hexametaphosphate) and stirred the mixture for (3 — 4) minutes. Next, it was put in
a graduated cylinder with a capacity of one liter and completed the volume to a liter,
and mixed the mixture without creating a rotational movement. The capacitor was
placed after 20 seconds and after 40 seconds the reading of the capacitor was taken
with the temperature recorded to correct the reading (0.36 was added for each
temperature above 20 mm and subtracted), where that 0.36 for each temperature less
than 20 °C to determine the percentage of silt and clay. After that, the mixture was
shaken again and left for two hours, after which the reading of the density was taken
and the temperature was recorded to determine the percentage of clay, while the
percentage of sand was determined by subtracting the percentage of silt and clay
from (100).

3.4.4 Measurement of Heavy Metals.

3.4.4.1 Heavy Metals in Water.

Two elements chosen for examination copper and lead. Two litters of water
samples from each site were filtered through Millipore filter paper (0.45 um) after
being washed with HNO3 (0.5N), then with ion-free water, and dried at 60 °C for 12
hours. To keep the elements in their ionic form, 1.5 ml of concentrated HNO3; was
added to every 1 liter of the filtered water sample. Then, the water samples were
focused by passing filtered water (2) liters over an ion exchange column of
dimensions (2 x 50 cm) containing (telex-100) resin in the sodium form, the volume
of 50 - 100 supplied by the Bio-Rad company quickly (no more than 5ml/min). 80
ml of dilute nitric acid (2N) was used to wash the heavy metal ions, then evaporated.
The solution was at a temperature of 70 °C to pre-drying, and (1ml) of concentrated

HNO; acid and (10ml) of deionized water were left. Finally, the size was completed
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to 25ml of ionic-free water, and ready samples were kept in labeled polyethylene

until measuring in flame atomic absorption (APHA, 2003) (Fig. 3.18).

/ "
g
.

Fig (3.18): Heavy metals in water test.

3.4.4.2 Heavy Metals in Sediment.

Soil sediment samples were taken, dried at 80 °C, crushed, and passed on a
sieve No. 40, as shown in Fig (3.19). Next, the weight of 1 g of sediment was taken,
to which 1ml of HNO3; and 4ml of HCL was added, left for two hours, passed on a
normal filter paper, and the solution finished dissolving. Finally, the volume was
finished to 100 ml of water with no free ions. The finished prepared samples were
kept in clean plastic containers until the measurement was done in flame atomic
absorption (APHA, 2003), and the unit was mg/g.

Fig (3.19): Heavy metals in sediment test.
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3.4.4.3 Heavy Metals in Aquatic.

Wet acid digestion was followed according to the method described in (APHA,
2003), with a weight of 0.5 g of dried reed, which was passed through a sieve (NO
16 mesh) in a Teflon digestion beaker, then 2.5 ml of concentrated HNO3; was added
and left overnight. After covering it with a glass watch place the digestion pellets
covered with a watch glass on a hot plate. For 1 hour, hydrophobic pellets covered
with 1 hourglass were placed on a hot plate at 80 °C. After the samples had cooled,
2.5 ml of concentrated perchloric acid (HCIO4) was added to them. Then, the
covered molds were heated at 180-200 °C for 2-3 h after the glass caps were
removed and cooled. The samples reached a temperature of 100°C until the
perchloric acid vapors dispersed. Then the samples were cooled down and the
volume was completed to 25 ml so that the samples were ready for measurement

using the atomic absorption technique (Fig. 3.20). The unit was mg/g.
 ——— — = )
4 [ (b) —— =y
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Al-Muamirah Wastewater Treatment Plant.

Wastewater is the community's water supply after many different uses have
polluted it. During its use, the water in a community picks up various chemicals.
This means that the wastewater has the potential to pollute and becomes a health and
environmental hazard (Kumar. et al., 2010).

In Hilla city, there is one main WWTP that was just built the Al-Muamirah
Sewage Treatment Plant, which started running in 2019. The plant uses a system
called "activated sludge" to get rid of the nitrogen and carbon compounds in raw
wastewater in a biological way. The sewerage system is made to handle both
industrial wastewater and wastewater from homes. The plant then sends the water
that has been treated to (Drainage Al).

Comparing the concentrations of pollutants at the inlet and outlet of the
treatment unit was used to assess its performance. samples were taken and examined
according to the established methods for analyzing wastewater (APHA, AWWA,
WPCF. 1998).

The evaluation of the plant's performance efficiency was carried out about the
effluent quality. The assessment was conducted using operational data from the
plant, which included BODs, COD, TSS, T.N, PO4, NH3, SO4, NO3, Cl, O&G, PH,
and T measurements for the period of 11 months from Oct (2020) to Aug (2021).

The difference in the concentrations of influent and enffluent for the selected
elements of by the wastewater treatment plant during the selected period can be seen
in Figs. (4.1,4.2,4.3,4.4). Table (4.1) described the statistics data of mean, standard
deviations, maximum and minimum values for the selected parameters in the Al-

Muamirah wastewater treatment plant.
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Fig. (4.1): The values of the influent concentrations entered the WWTP and effluent

concentrations after treating over 11 months for (a): BODs; (b): COD.
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Fig. (4.2): The values of the influent concentrations entered the WWTP and effluent

concentrations after treating over 11 months for (a): SO4; (b): TSS; (c): Cl.
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concentrations after treating over 11 months for (a): NOs; (b): pH; (c): T; (d): PO,.
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Table (4.1): Statistics of selected parameters of Al- Muamirah WWTP (2020-

2021).
P Influent Effluent
arameters Min | Max | Mean StDv. Min Max | Mean St.Dv.
BODs 75 | 573 | 149.79 92.42 4 49 10.95 6.75
COD 98 | 893 | 229.97 158.16 10 89 48.36 21.23
TSS 77 901 | 202.73 165.07 3 44 11.61 7.51
TN 2 30 14,71 5.74 0.1 14 5.5 4.09
PO4 1.7 | 33.6 6.77 5.81 0.01 1.95 1.23 0.5
NH3 0.7 | 28.2 | 14.87 5.34 0.4 5.1 2.48 1.43
SOy 792 | 1106 | 899.46 87.33 719 910 | 821.07 62.66
NO3 0.6 | 10.1 3.64 2.82 0.0002 6.4 1.40 1.33
Cl 354 | 715 | 483.22 87.1 301 560 | 423.8 79.54
0&G 6.3 | 28.2 | 15,57 7.88 0.1 3.1 1.73 0.8
pH 6.6 | 7.96 7.44 0.25 6.64 8.14 7.42 0.29
Temp. 184 | 32 24.92 3.86 18 32.7 45.1 127.76

The composition of wastewater effluent differs between facilities. depending
on the level of treatment. This could be a big reason why pH levels vary so much
(Morrison et al., 2001). The pH affects the suitability of a water system for various
applications. It is well recognized that pH levels that are either extremely high or
low can be harmful to aquatic life and can change the solubility of both other
chemical pollutants and certain essential components found in water systems, which
can have severe effects on the environment (Chapman., 1996).

TSS is one of the most factors in controlling the flow of wastewater, but it
also messes up irrigation systems. The average TSS concentration of raw influent
was 202.73 mg/L, but the average TSS concentration of treated effluent was only
11.61% (Table 4.1).
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4.2 Removal Efficiency.
Utilizing the following formula, the removal efficiency of BODs, COD, TSS,
T.N, PO4, NH3, SO4, NO3, Cl, and O&G was determined.

Removal efficiency % (P) = @ x 100

inf

(4.1)
Where: P is the selected parameter; Pis is the mean influent; Pt is the mean effluent.

Table (4.2) shows the removal efficiency for the above parameters from
October (2020) to August (2021).

Table (4.2): Removal efficiency for the selected parameters.

Parameters | Mean Influent | Mean Effluent | Removal efficiency (%)
BODs 149.79 10.95 92.68
COD 229.97 48.36 78.97
TSS 202.73 11.61 94.27
T.N 14.71 5.5 62.61
POy 6.77 1.23 81.83
NH; 14.87 2.48 83.32
SOy 899.46 821.07 8.71
NOs 3.64 1.40 61.53

Cl 483.22 423.8 12.29
0&G 15.57 1.73 88.88

The TSS removal efficiency in the Al-Muamirah WWTP was good, coming
in at 94.27%. BOD and COD are two of the most important biochemical parameters
used to assess the quality of wastewater (Huertasa et al., 2008).

COD is the amount of oxygen required by a strong oxidant (such as H,SO,)
to decompose both organic and inorganic substances in a water system (Akan et al.,
2008). Extreme oxygen depletion caused by elevated COD levels in water systems
significantly affects aquatic life (Fatoki et al., 2003).

COD in the influent ranged from 98 mg/L to 893 mg/L, with an average of
229.97 mg/L. The average amount of COD left in the final effluent was 48.36 mg/L.
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This ranged from 10 mg/L to 89 mg/L (Table 4.1).

The BOD in raw water ranged from 75 to 573 mg/L with an average of
149.79 mg/L. The BOD concentration in the treated effluent varied between 4 and
49 mg/L with a mean concentration of 10.95 mg/L (Table 4.1).

The efficiency of BODs removal was 92.68 % while the efficiency of COD
removal was 78.97% from OCT (2020) to Aug (2021), which are given in Table
(4.2).

According to Metcalf and Eddy (1985), the BODs/COD ratio is a measure of
biodegradation capacity, if the BODs/COD ratio is more than 0.5 biodegradation will
happen quickly, if the ratio is between 0.2 and 0.4, biodegradation will occur only
in a favorable thermal situation when the ratio is less than 0.2, biodegradation will
not happen (Contreras et al., 2003). The BODs/COD ratio in the raw influent was
0.65, indicating the presence of biodegradable organic Materials.

The overall efficiency of the Muamirah WWTP for removing the BODs,
COD, TSS, PO4, NH3 and O&G was considered good. Removal of more than
92.68%, 78.97%, 94.27%, 81.83%, 83.32%, and 88.88% was achieved in BODs,
COD, TSS, POy, NH3; and O&G respectively.

4.3 Cluster Analysis.
The outcome of cluster analysis was displayed as a tree diagram, Two major
categories can be distinguished in (Fig. 4.5). the first consists of two subgroups
the months with similar removal efficiency (from Nov 2020 to jan 2021). The
worest case was group No.3(from Oct 2020 to Mar 2021), It could be attributed
to several variables, such as operational factors like mechanical failure factor
that led to a decrease in processing efficiency .
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Fig (4.5): dendrogram of Clustering for monthly removal efficiency for all
parameters at Al-Muamirah WWTP

The dendrogram demonstrates in Fig. (4.6) groups removal efficiency of all
parameters into three statistically significant clusters: cluster I correspond to BODs,
TSS, NH3, and O&G; cluster 11 comprises COD, POy, and TN; and cluster 111 was
linked to SQ4, CI, and NOs. from Fig. (4.6), there was a similarity between cluster
I& cluster Il in the removal efficiency of the elements. It was found that the worst
efficiency of removing the elements in cluster Il as it consistent with the results in
Table 4.2
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Fig (4.6): Dendrogram of clustering for wastewater removal efficiency
of Al-Muamirah WWTP.

4.4 Hilla Drainage System (Al).

4.4.1 Physical and Chemical Parameters.

4.4.1.1 Volumetric Analysis of Sediment Particles (Hydrometer).

Measuring the gradation for the soil distribution by sieve analysis was used.
The selection of sieves is based on (ASTM D-422, 1985) standard details. The

utilized soil was collected from study sites as shown in Fig. (4.7).

45



Chapter Four Results and Discussion

GRAIN SIZE DESTRIBUTION

—_——]1 —ar—2 —3¢3

80.00

70.00
s

60.00 \

Lh
e
o
=)

PERCENT FINNER, %
IS
e
=}
(=]

W
e
2
3

20.00

10.00

0.00
0.1000 0.0100 0.0010
D.MM

Fig (4.7): Grain size distribution soil of study sites.

Based on the results of the soil texture test according to classification (USDA),
silt, and sand formed the largest percentage of the soil, while clay made up a lower
percentage (Table 4.3). The composition of sediments affects their physical and
chemical properties, as well as their storage ability for ions, salts, and organic
materials (Al-Saadi, 2006).

Silt is a granular substance that is larger than clay but smaller than sand. It is
typically composed of aluminum silicates ranging in size from 0.002 to 0.1
millimeters (Abdulwahhab et al., 2012).

Table (4.3): Percentage of soil components

Study Site | Sand% | Silt% | Clay% | Soil Type
S1 36 55 9 Silty loam
S2 37 54 9 Silty loam
S3 37 54 9 Silty loam

4.4.1.2 Air Temperature (T-Air) and Water Temperature (T-Water).
The air temperature has the most impact on the aquatic ecosystem. This is

because changes in the properties of aquatic environments are dependent on
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temperatures, such as levels of organic decomposition, electrical conductivity, and
levels of dissolved oxygen. Temperature also influences the growth and
reproduction of aquatic organisms (Duruibe et al., 2007). The temperature of the
water has a significant influence on the diversity and density of aquatic organisms,
as well as their cellular metabolic activities (Ranjbar et al., 2017).

The average air temperature at the study sites ranged from the highest (47.3
°C) at the third site in summer to the lowest (14.5 "C) at the second site in winter
(Fig. 4.8), Appendix 1.

The average water temperature at the study sites ranged from the highest (48.0
°C) at the third site in summer to the lowest (13.6 °C) at the second site in winter
(Fig. 4.9), Appendix 1.
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Fig (4.8): Seasonal variations for mean air temperature value in the sites.
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Fig (4.9): Seasonal variations for mean water temperature value in the sites.
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44.1.3 pH

The pH value is a measure of the activity of hydrogen ions, which affects
biological and chemical reactions in a body of water (Friedl et al., 2004; Lawson,
2011). The rise in pH in rivers might have something to do with photosynthesis and
the growth of aquatic plants. Since photosynthesis uses up CO, the pH levels rise
(Yousry et al., 2009). pH plays a major role in the survival of aquatic organisms and
affects their distribution in water because many proteins and enzymes are affected
by the high and low pH. Most aquatic organisms require a pH within the range of 5
to 8.5 for optimal growth and reproduction, although they may survive for a time at
pH values outside this range. The toxicity of many pollutants is dependent on pH
(Al-Zubaidi, 2011). The first site had the highest mean of pH (7.2) in autumn and
the lowest mean of pH (6.6) in the first site during spring (Fig. 4.10), Appendix 1.
The results showed pH in drainage water values in all sites within limits of Iraqi
standard NO.3 of 2012.
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Fig (4.10): Seasonal variations for mean pH value in the sites.

4.4.1.4 Total Dissolved Solids (TDS).

TDS is used to describe the inorganic salts and organic material
concentrations dissolved in water (WHO, 1996). The concentration and content of
total dissolved solids (TDS) in natural waters are governed by drainage geology,

atmospheric precipitation, and the water balance (evaporation-precipitation) (Phyllis
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and Lawrence, 2007). TDS ranged from the highest mean value (3010 mg/L) in the
third location during Autumn to the lowest mean value (1670 mg/L) in the first
location during Spring (Fig. 4.11), Appendix 1. The average valueof TDS was
2088.61 mg/L. The results showed the high value of TDS in drainage water was at
the third site which was above the Iraqgi standard NO.3 of 2012 for TDS >2000 mg/L.
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Fig (4.11): Seasonal variations for mean TDS value in the sites.

4.4.1.5 Electrical Conductivity (EC).

It is defined as the ability to transfer electrical current and is one of the most
important factors in the environment for determining water quality, is affected by
temperature, the amount of total dissolved solids in water, and the organic materials
that are present in water (Jayalakshmi et al., 2011). Electrical conductivity was
highest in the third site during Autumn (6130 ps\cm) and lowest in the first site
during Spring (3360 ps\cm) (Fig. 4.12), Appendix 1. The increase may have been
caused by a lack of rainfall throughout the autumn season, which led to a rise in salt
concentrations and an increase in EC values, studies agree with this (Al-Seedi and
Al-Auboody, 2011; Al-Sharifi, 2014). Electrical conductivity is directly related to
salinity and thus damages agricultural crops (FAO, 2012). The Results showed
electrical conductivity in drainage water values in all sites exceeding the permissible
limit (FAO, 2003).
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Fig (4.12): Seasonal variations for mean EC value in the sites.

4.4.1.6 Salinity.

It is a dynamic indicator of the exchange system's character. It is expressed in
parts per thousand as the total concentration of electrically charged ions in water
(UNESCO&WHO, 1992). Salinity was highest (3.92 ppt) in the third site in the
Autumn and lowest (2.15 ppt) in the first site in spring (Fig. 4.13), Appendix 1. The
results showed salinity in drainage water values in all sites exceeding the permissible
limits (FAO, 2003).
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Fig (4.13): Seasonal variations for mean salinity value in the sites.

4.4.1.7 Turbidity.
Water turbidity is the measurement of fine suspended matter in water,

typically including clay, silt, sand, non-living organic particulates, plankton, and
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other microorganisms (Siliem, 1995; Lako et al., 2012). Turbidity hinders water
treatment (filtration) and affects aquatic life (UNEP, 2008). Turbidity was highest
(5.2 NTU) in the third site in Autumn and lowest (1.05 NTU) in the first site in
winter (Fig. 4.14), Appendix 1. The outcomes showed turbidity in drainage water in
third site values in all seasons exceeding the permissible limit except for the winter
(FAQ, 2003). The value of turbidity in the winter season was within the permissible
limits compared to other seasons due to rain that leads to soil washing and the flow
velocity (Mushtaq et al., 2013). The turbidity in the third site was high due to the
presence of suspended particles and sand because it sand and gravel factories, which
may have caused an increase in turbidity values compared to other sites (Mustafa,
2006).
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Fig (4.14): Seasonal variations for mean turbidity value in the sites.

4.4.1.8 Dissolved Oxygen (DO).

DO is one of the most critical elements in stream and drainage systems. Due
to bioaccumulation and biomagnification, a DO deficiency has a direct impact on
the environment of a river or drainage due to its detrimental effects on aquatic life
(Venkatesharaju et al., 2010). When its average concentration falls below 5 mg/L, it
impacts the function of living organisms, and below 2 mg/l, it destroys aquatic
organisms, including the death of the majority of fish (UNESCO/WHO/UNEP,
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1996). Dissolved oxygen was the highest (9.0 mg/L) in the third location in spring
and the lowest (5.65 mg/L) in the first location in summer (Fig. 4.15), Appendix 1.
Good aeration was observed in drainage water due to levels of dissolved oxygen (>
5 mg/L). Dissolved oxygen levels decreased during summer due to the solubility of
gases decreasing with increasing temperature, which has a significant effect on the
solubility of carbon dioxide and oxygen (Al-Ghanmi, and Al-Shawat 2015). It might
be attributable to an increase in chemical and biological processes that occur in
aguatic systems and are associated with temperature rise, which agrees with (Al-
Hejuje, 2014). The results showed dissolved oxygen in drainage water values in all
sites within the permissible limit (FAO, 2003).
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Fig (4.15): Seasonal variations for mean DO value in the sites.

4.4.1.9 Chemical Oxygen Demand (COD).

COD was highest (73.5 mg/L) in the third location in Autumn and the lowest
(5.1 mg/L) in the first location in spring (Fig. 4.16), Appendix 1. Wastewater
contains many non-biodegradable materials that contribute to raising the value of
the chemical oxygen demand. The results of the study showed an increase in the
values of the chemical oxygen demand during the Autumn season in the third

location. This is due to a high content of organic matter (Maiti, 2004). The results
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showed the COD in drainage water values in all sites within limits of Iragi standard
NO.3 of 2012.
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Fig (4.16): Seasonal variations for mean COD value in the sites.

4.4.1.10 Nitrogen (N).

For Nitrogen, the highest value was (0.91 mg/L) in the first site in summer,
and the lowest value was (0.21 mg/L) in the third site in spring (Fig. 4.17), Appendix
1. The decrease in nitrogen concentration was attributed to an increase in its
consumption by plankton and aquatic plants (WHO,1997), or it may be attributed to
the high temperatures and increased nitrogen reduction due to a decrease in the
concentration of dissolved oxygen (Shrimali and Singh, 2001). The results showed
nitrogen values in drainage water in all sites were within limits of Iraqi standard
NO.3 of 2012.
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Fig (4.17): Seasonal variations for mean nitrogen value in the sites.
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4.4.1.11 Nitrate (NOs).

Nitrate is a form of nitrogen compound found in natural waters and is the most
oxidized. Chemical fertilizers, decaying plant and animal matter, household
effluents, discharge wastewater on land, industrial discharge, leachates from trash,
and are all major sources of nitrate. These sources can pollute rivers, lakes, streams,
and groundwater. Small amounts of nitrate are found in unpolluted natural water
(Foglar, 2013). Nitrate was highest (1.5 mg\L) in the third site in Autumn and lowest
(0.01 mg\l) in the first site in Spring (Fig. 4.18), Appendix 1. The results showed
high concentrations of Nitrates during the winter months. This may be caused by the
availability of oxygen for nitrite oxidation to nitrate (Lunsford, 2003), as well as
nitrogen sources coming from agricultural lands also contributes to increasing their
concentrations in water (Al-Saad et al., 2008). The obvious decrease in nitrate
concentrations during the spring and summer months returns to increase
consumption by phytoplankton or may return to higher temperatures and increased
operations of organic decomposition, and reduction of nitrate to nitrite (Hussein et
al.,2000). The results showed nitrate in drainage water values in all sites within limits
of Iragi standard NO.3 of 2012.
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Fig (4.18): Seasonal variations for mean nitrate value in the sites.
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4.4.1.12 Total Organic Carbon (TOC) Content in Sediment.

Total organic carbon was the highest (1.72%) in the third site in Summer and
the lowest (0.16%) in the first site in Winter, as demonstrated in Fig(4.19) Appendix
1. Summer was shown to have the highest amounts of the TOC, this may be
attributed to the movement of benthic sediment, as well as changes in air currents
and soil particles, increased mean values of evaporation, and the temperature-
induced decomposition of chemical compounds. These levels of TOC are in
accordance with the research by Al-Sharifi (2014). The results showed total organic

carbon in drainage water values in all sites within limits (ASTM D5268_02).
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Fig (4.19): Seasonal variations for mean TOC value in the sites.

4.4.1.13 Total Hardness (TH).

Total Hardness is an indication of the amount of water that contains calcium
and magnesium ions, in addition to alkaline salts such as barium. The presence of
dissolved calcium and magnesium sulfate and chlorides, in addition to inorganic
acids, is what causes permanent hardness. Calcium and magnesium bicarbonate is
converted to carbonate, and part of this carbonate precipitation is what causes
Temporary hardness (Hassan et al., 2014). During Winter, the second location had
the highest mean value of total hardness (229 mg/L), whereas the first location had
the lowest mean total hardness (209 mg/L) during Spring (Fig. 4.20), Appendix 1.
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It dropped to a low level during the months of Spring, which may be related to the
rise in water levels and the growth of aquatic plants, both of which lead to increase
consumption of salts (Mahmood, 2008). The Results showed Total hardness in

drainage water values in all sites within limits of Iraqi standard NO.3 of 2012,
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Fig (4.20): Seasonal variations for mean TH value in the sites.

4.4.2 Sulfate & Chloride (Water, Sediment, and Reeds).
4.4.2.1 Sulfate (SO4) in Water.

Sulfates are found in almost all natural waters, but the amounts vary
depending on the type of land they flow through. They are often derived from the
sulfides of heavy metals (iron, nickel, copper, and lead). Iron sulfates are found in
sedimentary rocks, where they can be oxidized into sulfate in humid climates.
Sulfate can then leach into waterways, making groundwater too high with sulfates.
As magnesium and sodium are found in many types of water, the effect of their
combination with sulfate will be bigger or smaller depending on the concentration
(EPA, 2001). The highest value of Sulfate (SO,4) in water was (3824 mg/L) in the
third site in Autumn, and the lowest value was (1004 mg/L) in the first site (Fig.
4.21), Appendix 2. The results of sulfates in drainage water in all sites were outside
the Iraq standard limit (1967). Sulfate concentrations raised in autumn and decreased
in the summer due to the discharge of domestic sewage and agricultural runoff; these
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ions can be formed by the decomposition of organic materials or the use of chemical
fertilizers in agriculture (Imarah and Munther, 1993; Grasby et al., 1997). The
decomposition of the many different sulfur-containing compounds that are present
in bodies of water results in the formation of sulfates. The increase in sulfate
concentrations has a negative role on the use of water for irrigation and increasing
its concentrations works on Calcium sulfate precipitation, which in turn affects the

sodium ions dissolved in water (Al-Obaidi, 2010)
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Fig (4.21): Seasonal variations for mean SO, value (in water) in the sites.

4.4.2.2 Sulfate (SO4) in Sediment.

The highest sulfate value in sediment was (1.4%) at the third site in winter,
and the lowest value was (0.58%) at the first site in summer (Fig. 4.22), Appendix
2. The increase in its concentration led to an increase in the salinity of the soil (Al-
Obaidi, 2010). The results of sulfates in sediment for all sites were within the
standard limits of ASTMD5268-02.
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Fig (4.22): Seasonal variations for mean SO, value (in sediment) in the sites.

4.4.2.3 Sulfate (SOs) in Reeds.

Sulfate concentrations in reeds ranged from the highest (69.75 mg/L) in the
first location in summer to the lowest (51mg /L) in the third site in Spring (Fig. 4.23),
Appendix 2. The increase in sulfate concentrations in plants impedes plant growth

and the appearance of spots on its leaves (Al-Obaidi, 2010).
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Fig (4.23): Seasonal variations for mean SO, value (in reeds) in the sites.

4.4.2.4 Chloride (Cl) in Water.
Chloride is found in all natural waters, but the concentrations vary a lot.

Sources of pollution in freshwater include soil and rock formations, and wastewater.
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A lot of chlorides are found in sewage and some industrial wastewater (Ezeribe et
al., 2012). Its permissible limit for agricultural irrigation is 600 mg/L, and the lack
or excess of chloride affects the productivity of agriculture (Cheepi, 2012). The
highest value of chloride (CI) in water (1345 mg/L) was recorded at the third location
In autumn, and the lowest value was (459 mg/L) in the first location in autumn (Fig.
4.24), Appendix 2. Chlorides in drainage water in the third site were outside the
permissible Irag standard limits (1967). The chloride salts are characterized by their
high solubility in water, and the presence of large quantities of them in water may
cause a toxic effect on some sensitive agricultural crops such as fruit trees (Wessal
et al, 2011). Classification of irrigation water and the effect of chlorides on plant
growth have a high effect on sensitive crops, where the water is suitable for chlorine-
tolerant plants with slight to moderate damage (USA, 1987) (Table 4.4).
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Fig (4.24): Seasonal variations for mean Cl value (in water) in the sites.

Table (4.4): Classification of irrigation water and the effect of chlorides
on plant growth (USA, 1987).

Effect degree Chloride concentration (mg/l)
Little effect on plants <71
Acceptable effect on plants 71-142
Medium effect on sensitive crops 142 - 284
High effect on sensitive crops > 284
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4.4.2.5 Chloride (Cl) in Sediment.

The quantity of chlorine in natural water varies considerably. This is due to
the contamination by wastewater and the leaching of saline residues from the soil,
an abnormally high quantity of chloride may be produced (Cheepi, 2012). Chloride
in sediment was highest (105.97 mg/L) in the third location in spring and lowest (36
mg/L) in the first location in Autumn (Fig. 4.25), Appendix 2. The presence of
chlorides is common in the soils of dry areas, and their concentration varies in the

soil according to the quality soil and the degree of its salinity (Wessel et al, 2011).

~ 120 - mS] mS2 mS3
ERE
E 100 -
€ :
g 80 1
5 ]
» 60
£ :
8L 40
g 20 -
0 - “
Autumn winter Spring Summer
Seasons

Fig (4.25): Seasonal variations for mean ClI value (in sediment) in the sites.

4.4.2.6 Chloride (Cl) in Reeds.

Chloride in reeds was 30.61 mg/L (the highest value) in the third location in
Winter, and the lowest value was (21 mg/L) in the first location in Autumn (Fig.
4.26), Appendix 2. Classification of irrigation water and the effect of chlorides on
plant growth have a high effect on sensitive crops (The water is suitable for chlorine-

tolerant plants with slight to moderate damage) (USA, 1987) (see Appendix 4).

60



Chapter Four Results and Discussion

d 30 1
ISy 1
E 25
o] ]
é 20 ]
e 15
3 10 ]
S 1
e

O

Autumn Winter Spring Summer
Seasons

Fig (4.26): Seasonal variations for mean Cl value (in reeds) in the sites.

4.4.3 Heavy Metals.
4.4.3.1 Heavy Metals in Water.

Two elements chosen for examination copper and lead .The concentration of
heavy metals is influenced by water quality and physicochemical qualities. The
concentration of heavy metals is also affected by the rise and decrease in
temperature, which causes evaporation, the increase in salinity, the rise and decrease
In water depth, and the change in conductivity (Al-Taher et al., 2020). In water,
heavy metals were found in a variety of different forms, including dissolved, and
particulate, these forms can pass between different layers of water and can enter all
levels of the food chain, where they can accumulate and present a risk to all of life,
including humans (Kobielska et al., 2018). Heavy metals in water concentrate in
aquatic plants and animals (Wang et al., 2019). The turbidity, total dissolved solids,
and pH of the water are all factors that have an impact on the ease with which
sediment and plankton are able to become mixed together. When there is an
increased quantity of organic matter, it is oxidized, which results in the production
of carbon dioxide (CO,). This CO; then dissolves in water to create carbonate, which
results in a lower pH, increased solubility, and the release of heavy metals (Fawzy
etal., 2012).
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A. Copper (Cu) in Water.

Seasonal changes of Cu in the dissolved phase of water revealed that had the
highest value of it (0.09 mg/L) in the second location in the autumn, and the lowest
value (0.01 mg/L) in the first location in the spring (Fig. 4.27) Appendix 3, and the
annual mean was (0.042 mg/L).
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Fig (4.27): Seasonal variations for copper in water (dissolved phase) in the sites.

B. Lead (Pb)in Water.

Seasonal variation of the Pb in the dissolved phase water demonstrated that
the highest value was (0.05 mg/L) in the second location in autumn and the lowest
value (0.01 mg/L) in first & third locations in spring (Fig. 4.28), Appendix 3. The
annual mean was 0.031 mg/L.
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Fig (4.28): Seasonal variations for lead in water (dissolved phase) in the sites.
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The Cu and Pb concentrations in water were found to be within the allowed
limits of Iragi standard NO.3 of 2012. However, there was a notable increase in the
Pb, which may be related to the burning of rubbish and tires near the second site
during autumn (Al-Hassen et al., 2012). Lower Pb concentrations may be attributed
to its capacity to rapidly absorb high amounts of organic compounds (El-Khatib et
al., 2014). Because they adsorb with sediment or mix with organic molecules,
elements don't stay dissolved phase for long (Nafea & Zyada, 2015). Its decline may
be due to element accumulation in aquatic plants, adsorption by sediments, or the
formation of complexes with organic materials (Al-Jaberi et al., 2016). The order of
examined elements in the dissolved phase was Cu > Pb; a considerable increase in
element concentrations, especially in autumn, can be attributed to drainage-induced
soil washing (Kar et al., 2008).

Seasonal differences in heavy element concentrations can be ascribed to water
characteristics, organic and inorganic contaminants, and the activity of microbes,

algae, and aquatic plants (Salman et al., 2015).

4.4.3.2 Heavy Metals in Sediment.

Sediment is thought to be a potential source of pollution from heavy metals,
and when we examine the sediment's uppermost layer, we find a lot of pollutants
that can contaminate the water. Heavy metals do not remain in the dissolved phase
for long; they either transform into suspended colloids or are taken up by organic
plankton, where they form dissolved ketones of heavy metals that are easily
absorbed and stored by clay minerals or organic compounds, and subsequently
accumulate on sediment (Okoro et al., 2013). When conditions or biological activity
are proper, sediments play an important role in bringing heavy metals back into
water systems. These metals are then taken up by aquatic food chains (Salman et al.,

2015). Due to the progressive accumulation of pollutants in sediments over time,
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sediments and their constituents serve as an indicator of the quality and quantity of

pollution and the nature of their source (Goher & Ali, 2009).

A. Copper (Cu)in Sediment.
Seasonal variations of Cu in the residual phase demonstrated that the highest

value was (0.74 mg/g) in the third location in Winter and the lowest value was (0.03
mg/g) in the third location in Spring (Fig 4.29) Appendix 3, the annual mean was
0.48 mg/qg.
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Fig (4.29): Seasonal variations for copper (residual phase) in the sites.

B. Lead (Pb) in Sediment.
Seasonal variations of pb in the residual phase demonstrated that the highest
value was (2.6 mg/g) in the third location in autumn, and the lowest value was (1

mg/g) in the second location in spring (Fig. 4.30) Appendix 3, the annual mean was

1.59 mg/g.
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Fig (4.30): Seasonal variations for lead (residual phase) in the sites.

The results revealed a considerable rise in concentrations of studied elements
in sediment compared to water, levels that exceeded allowable limits in sediment
(CBSQG, 2003), and an elemental arrangement of Pb > Cu in the residual phase.

Cu values in the residual phase may have increased throughout the winter as
a result of human activities such as changing automobile oil in streams, metal
plating, dyes, glues, automobile and truck cleaning, and pesticide container washing
(Al-Afify & Abdel-Satar, 2020).

The Pb levels were high in the soil in the autumn, which may have been caused
by the burning of Pb-containing fuel, heavy traffic and vehicle emissions, and the

disposal of corroded batteries in drainage systems (Rabee et al., 2009).

4.4.3.3 Heavy Metals in Reeds.

Due to their ability to extract heavy toxic components from the water, gather
them in their tissues, store them in non-sensitive specific plants, or change them into
non-toxic forms, several plant families are utilized as indicators of pollution in the

aquatic environment (Memon, 2001).
As the reeds plant is more tolerant of environmental conditions and more

likely to grow in polluted soils, as it is used in phytoremediation.
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A. Copper (Cu) in Reeds.
Seasonal changes of Cu in reeds plant demonstrate that the maximum value

(0.35 mg/g) in the first location in spring, and the minimum value was (0.01 mg/g)

in the second location in autumn (Fig. 4.31), Appendix 3, and the annual mean was

(0.10 mg/g).
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Fig (4.31): Seasonal variations for copper in reeds in the sites.

B. Lead (pb) in Reeds.
Seasonal changes of the pb in reeds demonstrated that the highest value was

(0.13 mg/qg) recorded in the third location in summer, and the lowest value was (0.04
mg/g) in the first location in winter (Fig. 4.32), Appendix 3. The annual mean was

(0.075 mg/qg).
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Fig (4.32): Seasonal variations for lead in reeds in the sites.
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The Cu was found to be more than the Pb in the reeds that were studied. The
higher rates in summer and spring were caused by low water levels, high
temperatures, and evaporation during the study period, as well as an increase in the
amount of sewage that was discharged into the trocars or an increase in the amount
of the nutrient in the drainage which led to more hydrophyte growth and increased
heavy metal absorption (Majid et al., 2014). The rise in the Pb rate throughout the
summertime concurs compatible with Sabri et al. (2020). Differences in heavy metal
concentrations in reeds between seasons and locales may be attributable to
environmental conditions, the availability of components in water or sediments, the
depth of the water, and plant growth rates all influence aquatic ecosystems (Batty
and Younger et al., 2004). The concentrations of copper in spring and summer were
outside permitted limits in the plant but the concentrations of lead in all seasons were
outside permitted limits according to WHO/FAO (2007).

4.4.4 The Results of the Correlation

In the Table (4.5), the statistical analysis demonstrated significant differences
at (P < 0.01), The results showed a strong positive correlation between air
temperature and water temperature (r =0.992), and between EC and TDS (r = 1.00);
and between Salinity and each of TDS and EC (r = 1.00). Nitrate showed a positive
correlation with (COD) (r = 0.626), These results are consistent with the logical

relationship discussed previously for these variables.
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Table 4.5: The correlation (r) Among Some Physico-Chemical Parameters.

Twater Tair PH DS EC Salinity | Turbidty | DO coD N NO3 TOC | hardness
Twater 1.000
Tair Lf 1.000
PH 0.016 0.032 1.000
DS 0.046 0.061 0.286 1.000
EC 0.046 0.0681 0.286 w 1.000
Salinity 0.046 0.061 0.286 ﬂ M 1.000
Turbidity 0290 0.303 0.191 0333 0333 0333 1.000
DO 0215 0.198 0.016 m ﬂ ﬂ 0412 1.000
coD 0048 | -0.030 ﬂ 0.303 0.303 0303 0.061 0.046 1.000
N 0.326 0308 | 0.032 | 0062 0.062 0.062 0.000 0.109 0.031 1.000
NO3 0338 | 0321 0.240 0.382 0.382 0382 | -0.046 | 0.000 GLG“ 0.109 1.000
TOC m m 0272 ﬂ ﬂ ﬂ ﬂ ﬂ 0.137 0295 0.000 1.000
hardness 0123 | 0107 | 0304 | 0.260 0.260 0260 | -0.168 | 0.062 0.046 0.047 0369 | 0123 1.000

**_Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0,05 level (2-tailed).
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions.

1.

It is found in the Al-Muamirah plant that the worst efficiency of removing the
elements chloride and sulfate, the reason is that a company did not equip the
plant with chloride for this period and that the plant does not treat sulfates.
Physical and chemical parameters for the Hilla drainage system (Al) results
showed that they were within permissible limits except for TDS, EC, salinity,
sulfate & chloride.

It was found that the results of most of the physical and chemical elements for
the Hilla drainage system (A1) were high in the third site, and the reason was
its proximity to the sand and gravel factories, as well as the presence of the
water cycle near it.

Levels of studied heavy metals of Cu and pb in water were within permissible
limits but, the concentrations of heavy metals in sediment were outside
permissible limits. This was to accumulate them in the soil for years.

The average of the TDS was (2088.61 mg/l) in all sites of the drainage, where
the values of TDS were >2000 mg/l. This meant that the salinity had severe
drainage water.

The results of sulfates in water in all sites were outside the permissible limits,
but in sediment in all sites were within permissible limits, where plants
absorbed it from the soil for their need for these nutrients.

Differences between seasons and sites in the concentrations of heavy metals
in reeds plants may be attributable to environmental factors, availability of
elements in water or sediments, and growing rates of the plant. The
concentrations of copper in spring and summer are outside permitted limits in
the plant, but the concentrations of lead in all seasons were outside permitted

limits.
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8.

Classification of the effect of chlorides on plant growth was the high effect on
sensitive crops, where the water was suitable for chlorine-tolerant plants with
slight to moderate damage.

The reuse of treated wastewater for agricultural purposes eliminated the

needing to use chemical fertilizers due to the presence of nutrients in it.

5.2 Recommendations.

1.

Treatment removal efficiency for the Al-Muamirah plant should be improved
to remove chloride and sulfate pollutants.

Selecting additional physical, chemical, biological, and heavy metal elements
especially BODs to evaluate water in the Hilla drainage system (Al).
Establishment of agricultural projects to get benefit from this water in areas
close to drains with the availability of soil that is suitable for this type of water
and to determine the type of crops suitable for this water.

Follow-up the qualitative characteristics of the drainage water on a continuous
and comprehensive basis to monitor the variables of this water

Carrying out periodic washing and drainage of agricultural lands irrigated with
that water to preserve the soil from salinization and pollution.

Follows the recommendations of the Ministry of Environment, the Ministry of
Water Resources, and other destinations to prevent factories and wastewater

treatment plants from draining their untreated water into the drainage.
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Appendixes

Appendix 1: Physical & chemical parameters in study sites (2021 —2022).

Site 1 Site 2 Site 3
Parameters Average & Average & Average &
Range Stadv. Range Stadv. Range Stadv.
Air temp. (C°) 9.3-45.1 29.3+13.1 9-46.5 29.9+13.8 9.5-47.3 30.2+13.9
Water temp. (C°) | 13-47.5 29.6+14.1 | 12.9-49.3 | 29.9+14.9 | 13.4-48.7 | 30.0+14.5
pH 6.5-7.2 6.85+0.29 6.5-7.1 6.85+0.23 6.8-7.1 6.97+0.12
Turbidity (NTU) 1.0-2.4 1.65+0.61 1.3-3.1 2.07+0.72 1.0-5.2 2.9+1.69
EC (us\cm) 3270-3680 | 3447+141 | 3480-3840 | 3680+125 | 4950-6130 | 5473+491
TDS (mg\l) 1630-1830 | 1716469 | 1735-1915 | 1836+61 | 2460-3010 | 27134231
DO (mg/l) 5.4-7.7 6.35+0.79 5.8-7.1 6.4+0.47 8.5-9.1 8.75+0.22
COD (mg/l) 5.1-46.7 31+14 5.8-42.1 | 27.62+12.4 | 5.2-73.5 40.3+22.7
Salinity (ppt) 2.09-2.36 2.2+0.09 2.22-2.45 | 2.35+0.08 | 3.16-3.92 3.5+0.31
TH (mg /l) 205-223 21547 210-230 222+7 216-230 21645
N (mg/l) 0.3-1.0 0.58+0.30 | 0.29-0.46 | 0.35+0.06 | 0.21-0.76 | 0.54+0.24
NO3z (mg/l) 0.01-1.6 0.61+0.56 0.03-2.1 0.83+0.70 0.06-1.5 1.01+0.51
TOC (%) 0.15-0.95 | 0.58+0.39 | 0.15-1.22 | 0.605+0.40 | 0.56-1.76 | 1.171+0.51

Appendix 2: Chemical parameters in study sites (2021 —2022).

Site 1 Site 2 Site 3
Elements Average Average Average &
Range & Stadv. Range & Stadv. Range Stadv.
Dissolved phase | gqg 1750 | 1081492 | 1041-1235 | 1166+71 | 1890-3824 | 2480721
water (mg/l)
S04 | Residualphase | o549 | 07401 | 082-11 | 0.93:0.1 | 09315 | 1.20:0.2
sediment (%)
Aquatic (mg/L) | 55.7-74.3 | 65.6+6.3 | 53.1-67.5 | 59.645.9 | 50.0-7.0 | 58.3%7.8
Dissolved phase | - yoq 554 | 496423 | 437-574 | 502:53 | 699-1345 | 966+213
water (mg/L)
Cl | Residualphase | o) 5 769 | 4754162 | 47.9-06 | 734168 | 70.2-105.9 | 73.4£12.6
sediment (mg/L)
Aquatic (mg/L) | 21-27.1 | 23.7+254 | 19.7-30.4 | 26+4.03 | 23.5-32.1 | 27.88+2.98
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Appendix 3: Heavy metals concentrations in study sites (2021 —2022).

Elements

Site 1

Site 2

Site 3

Range

Average &
Stadv.

Range

Average &
Stadv.

Range

Average &
Stadv.

Pb

Dissolved
phase water
(mg/L)

0.01-0.04

0.030+0.011

0.02-0.05

0.032+0.012

0.01-0.05

0.033+0.015

Residual
phase
sediment

(mg/g)

1.3-2.2

1.69+0.37

0.96-1.8

1.28+0.32

1.1-2.6

1.69+0.52

Aquatic
(mg/g)

0.02-0.20

0.072+0.066

0.02-0.1

0.068+0.030

0.01-0.25

0.093+0.075

Cu

Dissolved
phase water
(mg/L)

0.01-0.08

0.033+0.025

0.01-0.09

0.038+0.027

0.01-0.09

0.043+0.030

Residual
phase
sediment

(mg/g)

0.31-0.73

0.51+0.15

0.32-0.72

0.48+0.15

0.3-0.79

0.55+0.17

Aguatic
(mg/g)

0.01-0.35

0.095+0.13

0.01-0.21

0.065+0.074

0.01-0.25

0.068+0.09
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