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Abstract: The Euphrates and Tigris rivers are the main vital water sources in
Iraq, and therefore many studies have been conducted on them to find out the
reasons for their pollution, and the most important sources of pollution are
heavy metals. Heavy metals are usually present in nature. Some of them are
necessary for life, but they can become toxic through their accumulation in
living organisms, as they cannot be eliminated in ecosystems through natural
processes, unlike most organic pollutants, where these elements are one of the
dangerous pollutants that enter the freshwater environment and cause an
imbalance in the ecological system. This is directly or indirectly reflected on
the human beings. These elements enter the plant and animal bodies through
the soil, water and air which have been categorized by their ability to bioaccumulate in the tissues of animals and elevate their concentration in the
tissue and body fluids. Such bioaccumulation causes toxicity to living
organisms and may affect human public health. Fishes are the most susceptible
among the aquatic animals to the toxicity of heavy metals. They are a basic
food source and animal protein, cheap and economical, with a high nutritional
value and the human body needs them on a permanent and continuous basis.
Fishes are also commonly used in assessing the health of aquatic organisms.
This review is focused on the pathological effects of heavy metals in both
fishes and humans.
Keywords: Toxicity, Heavy metals, Iraqi rivers, Fish health

Introduction
The elements which have a density of more than 5 gram/cm3 are called heavy
metals (HV). Heavy metals have two categories: essential and non-essential
elements. Essential elements like selenium (Se), cobalt (Co), chromium (Cr), zinc
(Zn), manganese (Mn) and copper (Cu) are required for basic cellular functions,
particularly enzymatic reactions, in all living cells at low levels. Their toxicity and
disturbance of physiological homeostasis may come from exposure to higher levels
Received Dec. 1, 2021, accepted Feb. 25, 2022
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(Ali & Khan, 2018). The essential elements are nontoxic metals which have
harmless effects but cause toxicity when their concentrations are excessed such as
the chromium. Non-essential elements and toxic metals do not have vital functions
and have toxicity effect to living cells as metalloids comprising mercury, cadmium
and lead (Roy, 2010).
HVs, both essential and non-essential are found in various quantities in aquatic
systems. Metal concentrations that are too low have unfavorable physiological,
histological and morphological impacts (Al-Taee et al., 2020). Contaminant levels
in fishes are of special concern because they represented hazards for human and
public health (Al-Sarraj, 2013; Jasim, 2017).
Sources of Heavy Elements in the Aquatic Environment
1- Natural Sources: These minerals arrive from the natural source, which is rocks
and sediments, to the aquatic environment, and these released minerals which are
dissolved or suspended in rainwater drifting on the surface ground or suspended in
the air to be moved by the wind from one place to another one. Also, volcanic
activities are among the most important natural sources that lead to pollution of the
aquatic environment (Papagiannis et al., 2004; Butu & Iguisi, 2013).
2- Anthropogenic sources: Manufacturing activity is a major source of pollution
with heavy metals in the environment, including the petroleum industries, oil
refineries, iron and steel factories, copper, glass, aluminum, tanning factories,
fertilizers, pesticides, gasoline ....etc. (Rashed, 2001; Al-Edreesi et al., 2002).
When fishes are exposed to heavy metals through their skin, gills and intestinal
tract, such heavy metals cause, as a result of their pathway in fish systems, loss of
vital functions, combined with bioaccumulation in the tissues. Hence, fishes
represented a good bio-indicator for observing pollution of the aquatic
environment.
Contaminated Iraqi Rivers
Euphrates and Tigris rivers are the biggest Iraqi rivers and both are the main
important source for the development of fish culture. For years, they were used for
human, agriculture and industrial activities. They are naturally polluted leeding to
damage the aquatic environment while potentially posing a health risk to humans.
Many toxic exogenous elements are introduced to the aquatic environment as
organic pesticides, polynuclear aromatic hydrocarbons PAHs, phytoplankton, algae,
overconcentration of chemotherapeutic agents and sodium chloride NaCl (Al-Taee
et al., 2021). Heavy metals which are the main problem in the aquatic organisms
(Authman et al., 2015), biological degradation cannot destroy the heavy metals so
they are sedimented in the aquatic ecosystem and concentrated in the aquatic plants
or animals (Oguzie, 2003), or they may interact with other water column
components leading to the formation of more toxic compounds.
According to the recommendations of USEPA (2011), the levels of heavy metals
in main Iraqi rivers are lesser than in other Iraqi aquatic environments. These
variations may be affected by several factors such as increase water flow and
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dilution, increase degraded and flow exogenous material from upper to low river,
drainage directly from farmland, factories: dissolution of sediments, sewage
disposal plants, heavy phytoplankton in the water, accumulative, adsorption interact
with other organic matter forming new complexes and some heavy metals present
in very low concentration it is difficult to estimation them (Kaiser et al., 2004).
Many previous studies were done to estimate the types and concentration of
heavy metals in Iraqi rivers. Kassim et al. (1997) revealed that the Cd, Ni, Pb, Zn,
and Cu have more concentrations in the Tigris river than the limitation. Al-Taee et
al. (2007) reported that heavy metal concentration in the Hilla River in Babylon
Province were Al/ 434, Cd/ 114, Pb/ 36 and Hg/ 76 µg/l, while Hassan et al. (2010)
found Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn in low concentrations at Euphrates
sediments as compared with USEPA (2011) guidelines.
Mensoor & Said (2018) reported the high concentration of Cd and Cr in the
Tigris river in Baghdad and these metal accumulation in the muscle of two fish
species: Mesopotamichthys sharpeyi (reported as Barbus sharpeyi) and
Luciobarbus xanthopterus (reported as Barbus xanthopterus) which are consumed
by human and affected public health, so the pathological alteration in these fishes is
considered as a bio-indicator for monitoring aquatic environment pollution with
HMs. In 2018, there was high mortality in fish cages in the middle Euphrates region
in Iraq. Jaber et al. (2021) indicated that one of the causes of such death may be due
to bioaccumulation of As, Zn, Fe, Pb, and Cu in the muscles of the fishes. These
results come from concentrated heavy metals in the declining water rivers and other
chemical factors.
Shatt Al-Arab River represents the confluence of the Tigris and Euphrates rivers
at Qarmat Ali City. Therefore, many studies were conducted to assess the presence
of pollutants, which may enter and be concentrated in the Shatt Al-Arab River.
Nasir et al. (2011) indicated that the concentration of Cd, Co, Ni, Pb, Cu and Fe in
the Qarmat Ali, Mufti, Siba and Ras Al-Bishah regions is higher than the
permissible limit. Alhello et al. (2020) estimated the heavy metal concentration in
different sites in Shatt Al-Arab River as in the following orders: Iron> Manganes>
Nickel> Zinc> Copper> Lead> Chromium> Cobalt> and Cadmium. The following
Table 1 demonstrates the concentration of some HVs in Iraqi rivers.
Table 1: Concentration of heavy metals in contaminated waters in comparison with
Iraqi environmental law No. 65/1967 (Salim, 2015).
Metals
Permissible limited
Concentration in the

concentration (mg/l)
Ni
Fe
Mn
Cu

0.10
0.3
0.1
0.05

pollution water (mg/l)
0.19
3
0.55
0.199
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Biological Effects and Toxic Mechanisms of Heavy Metals
Fishes are exposed to heavy metals in two ways: indirectly through the skin and
gills, or directly through the consumption of polluted water or food (Rajeshkumar
& Li, 2018). As a result, impacts of heavy metals can affect the intestine, liver and
others organs even at low concentrations, causing tissue damage (Jaber et al., 2021;
Yousif et al., 2021). The bioaccumulation of these metals in fish tissue depends on
the types of heavy metals, concentration, route of exposure and absorption, types of
fishes, age, nutritional and physiological status as well as the physical-chemical
characteristic of the aquatic environment (Begum et al., 2009; Tchounwou et al.,
2012). As a result, fishes can be used as a biological indicator for heavy metal
toxicity and aquatic environmental pollution (Gaim et al., 2015).
Heavy metals have been shown to disrupt cellular components and structure,
including the cell outer and inner membranes, lysosomes, mitochondria,
endoplasmic reticulum, nuclei, enzymes that important for metabolisms,
detoxification and damage repair (Wang & Shi, 2001). According to Farombi et al.
(2007), the main toxic mechanisms of heavy metals are their ability to induce
oxidative stress and release reactive oxygen species (ROS). Ions of metals are
classified as carcinogenic for fishes and humans and cause apoptosis because their
toxic mechanisms interact with a genetic component, DNA, and nuclear proteins
and lead to disturbances in the cell cycle (Beyersmann & Hartwig, 2008) as
illustrated in Figure 1.

Figure 1: Pathways toxicity mechanisms of heavy metals in fishes and humans (Engwa et
al., 2019).
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Heavy metals cause histopathological alteration in variable fish organs which are
variable in their grade (Table 2), such as in the gills and livers of both Cyprinus
carpio and Carasobarbus luteus in Tigris River contaminated with Cd, and Pb (as
in Figure 2) which caused hepatocyte vacuolization and congestion of central vein
the lesions in the gills, edema and epithelial lifting with adhesion between
secondary gills filaments (Mustafa et al., 2020).
In general, these alterations are either edema, hyperplasia or necrosiases. When
fishes exposed to heavy metals, many organs, mainly the gills, will be destructed.
Edema and degeneration will occur with lifting epithelial cells are the main
pathological changes which are biomarkers for aquatic pollution (Osman et al.,
2009).
Hyperplasia: Epithelial cells that undergo lamellal fusion and hyperplasia can
result in a significant reduction in gill surface area available for respiration. It also
causes gill blood flow to be disrupted, metabolism to be altered and fish mortality
to occur (Purwanti et al., 2019). Some researchers recently distinguished between
two types of gill damages. The first type forms of injury are caused by a defense
reaction and comprises hyperplasia of gill epithelium filaments, whereas the second
type is caused by direct traumas and includes gill epithelium shedding and necrosis
(Fanta et al., 2003).
Necrosis: Accumulative heavy metals in the hepatocytes and kidneys lead to
degeneration and blood flow disturbances which cause necrosis in hepatic tissue
and necrosis in the epithelium lining renal tubules due to oxygen deficiency with
shrinkage of glomerulus and dilated Bowman’s pace (Mohamed, 2001; Onita et al.,
2021).

A

C

B

D
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Figure 2: Histopathological examination of the liver of C. luteus habits in contaminated
environment shows hepatocyte vacuolation (A- three rows) and central vein
congestion (B- BC), gills of C. carpio showing epithelial cell lifting (C- EPL),
edema (D- OD), hyperplasia (D- H) with lamellae fusion (D-F. H&E, 400X, (E)
necrosis in the glomerulus (black arrow), necrosis in the renal tubule (E-N) and
degeneration (E-D), H&E, 400X (Mustafa et al., 2020 for A, B, C and D, and
El-Hais et al., 2017 for E).
Table 2: Grade of pathological lesions as a result of heavy metals toxicity in fishes
according to Onita et al. (2021) with some modifications.
Organs
Grade
Description
Pathological alteration
Gills
I
Disturbances of cell growth Hyperplasia and hypertrophy in the gill
and circulatory, abnormal epithelium, congestion, fusion in the
morphology
epithelial cells and lifting of the lamella and
lamellar disorganization
II
III

Kidneys

I
II
III

Liver

I
II
III

Abnormal morphology

Partial closure of the secondary filaments,
partially epithelium lifting and desquamation
Abnormal morphology and Lamellar circulatory disorder (aneurysm),
circulatory disturbances
epithelial cells damage, hemorrhage, a fusion
of the primary gill filaments, damage of the
lamellar epithelium
Morphology disturbances
Small dilated renal tubuli normal feature of
hematopoietic tissue
Morphology disturbances
Mild dilated tubular with glomeruli
contraction
Disturbances cell growth
Hypertrophy of the epithelial cells lining
renal tubule and damaged, glomerular
contraction, development
of connective
tissue, shrinkage of the hematopoietic tissue
Morphology and circulatory Dilatation of sinusoid normal aspect of
disturbances
hepatic architecture
Circulatory disturbances
Slightly dilatation of sinusoid expansion of
connective tissue
Disturbances of cell growth Hypertrophic of hepatocytes with vacuolated
and circulatory
degeneration, dilatation of sinusoid
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Heavy metals are also affected enzyme activities of fishes so they are of a
diagnostic method for environmental pollution. C. luteus populating in
contaminated environment with Cu, Ni, Fe, Co, Mn showed elevation in the levels
of AST, ALT and ALP which are enzymes for liver function (Salman, 2011). The
same result was reported by Abedi et al. (2013) in C. carpio and by Zorriehzahra et
al. (2010) in Oncorhynchus mykiss. Also, they cause DNA damage and
genotoxicity, lipid peroxidation with disturbances in antioxidant defense
mechanisms (Gjorgieva et al., 2013).
Nickel (Ni)
This metal enters the water environment and increases its concentration through
alloy, steel, sanitation, Ni-Cd batteries and medical materials. Imarah et al. (2006)
reported that the concentration of Ni in branches of Shatt Al-Arab River was
affected by the seasons also. Mahmood & Alkhafaji (2016) reported its
concentration in Tigris and Diyala rivers as above the acceptable limits, causes
pollution to the aquatic environment. These elements enter the body through
inhalation, oral and dermal exposures, cause toxic behavior to organisms and
systemic disorders (immunological, reproductive, neurological, circulatory and
developmental even mucus membrane and chromosome disorders) and considered
as carcinogenic agents leading to death (Palaniappan & Karthikeyan, 2009; Buxton
et al., 2019; Purwanti et al., 2019).
The toxic mechanism was producing oxidative stress, ion regulatory diminishing
(interruption Ca2+ which is important in formation of shell and exoskeleton rather
than interacting with Mg2+ and Fe2+ homeostasis which they disorder with Ni
toxicity, other mechanisms include an allergic-type response of respiratory epithelia
leading to embarrassment of respiration (Blewett & Leonard, 2017). Exposing
rainbow trout, O. mykiss to 34-51 µM caused gills edema, decrease arterial oxygen
with increasing CO2 in its content and increase ventilation rate (Brix et al., 2017).
Oxygen extraction efficiency and arterial oxygen content increased arterial CO2
and reduced blood pH. Compensatory responses included an increase in ventilation
rate and ventilation volume (Pane et al., 2004; Brix et al., 2017). Ahmed (2021)
pointed out to the high concentration of nickel in Khor Al-Zubair, and thus its
concentration in the muscles of the common carp at 2.75 mg/kg body weight which
constitutes a food source for the Iraqi individual and therefore may have a toxic
effect on human health.
Ni has specificity organs and tissue lesions, so exposed silver carp
(Hypophthalmichthys molitrix) to concentration of 5.7 mg/l for a long period,
showed variable histopathological alteration as decrease space between secondary
gill filaments, complete closure, fusion and mucus secretion, loss of arrangement
and vacuolation of hepatocyte, disturbances of blood circulation with dense
chromatine in the nuclear hepatocyte and severe interstitial nephritis and nephrosis
in the kidney of C. carpio as in Figure 3 (Athikesavan et al., 2006; Bhatkar, 2013).
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Figure 3: Microscopic examination presentation of the kidney of common carp exposed to
4 mg/l Nickel chloride shows: A- hydropic degeneration of epithelial cells lining
tubules (Hg) and vacuolated tubule (VC), B- heamorrahge in the glomeruli (H)
and nephrosis (N). H&E, 400X (Bhatkar, 2013).

Iron (Fe)
Iron is an essential elements for tissue and cell structure in animals. fishes
require Fe in ranges of 30-170 mg/kg. It is the main component of hemoglobin as it
deficiency leads to many disturbances and anemia while elevated concentrations
cause increased mortality and physiological, immunological and cellular
disturbances in Leporinus friderici, reduced growth reduces feed utilization with
accumulation in the tissue (Bury et al., 2012; Gemaque et al., 2019).
Pathway Mechanisms of Fe in Fishes
The mean iron toxic concentration ranged between 150-1000 μg/l. Its toxicity
depends on water temperature, salinity, pH and presence of organic materials (Aris
& Tamrin, 2020). There are two forms of iron present in the environment: ferrous
ion F2+ which is oxidation to ferric ion Fe3+ under the effects of pH which is
precipitates to form ferric hydroxide (Fe (OH)3). Ferrous iron has more availability
in the aquatic environments and inters fish body through the gills and cause
pathological changes which involve circulatory disturbances as aneurysms and
edema in addition to cell adaptation as epithelial hyperplasia, hypertrophy lead to
lamellar fusion, epithelial lifting and necrosis as a final stage of cell injury. This
pathological alteration causes imbalanced osmoregulation and insufficient transport
oxygen to the tissues (Flores-Lopez & Thomaz, 2010; B’ey, 2015).
Also, Fe accumulates in other organs and causes histopathological changes such
as alteration in the architecture of liver characterized by damage of blood vessels
and hemorrhage, vacuolated degeneration and necrosis (Aris & Tamrin, 2020) as in
Figure 4.
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Figure 4: Microscopic examiantion of liver in Plectropomus leopardus (1), Lutjanus
griseus (2) and Lutjanus campechanus (3) showing necrosis (N), vacuolar
degeneration (VD), damage of blood vessels (DBV) and degeneration (D). H&E,
400X (Aris & Tamrin, 2020).

Manganese (Mn)
Manganese is essential for energy and protein synthesis and metabolism, bone
mineralization, glycosaminoglycan production, antioxidant defense mechanisms,
and metabolic activity (Aschner & Aschner, 2005). In addition, it is an activator for
many enzymes as lyases, kinases, hydrolases, decarboxylases and ligases. It is
required in fish diet from 2.5-25 mg/kg (Lall & Kaushik, 2021).
Mn toxicity is affected by physical-chemical properties of water as hardness,
acidic, and low Ca concentration which may increase toxic Mn availability that
leads to decrease calcium and phosphor absorption, a disorder in carbohydrate
metabolisms, sodium imbalance with loss metal homeostasis, tissue damage with
inflammation, and neurodegeneration (Ye et al., 2009).
Mn is more common accumulated in gills, intestine and less in muscle than skin
and bones of C. carpio treated with a sub lethal concentration of MnSO4 (1.12)
mg/l. Also, it exhibits elevated Hb, PCV, RBC, WBC and platelet with increase
enzymatic levels during 24-72 hour. After exposure, there was an elevation in the
triglycerides (231.21±0.04), serum uric acid (4.81±0.33), high-density lipoprotein
(HDL) (39±0.07), glutamic pyruvic transaminase (SGPT) (40.6±0.4), blood urea
(13±0.1) and albumin increases the concentration of cholesterol (Ali et al., 2021).
Copper (Cu)
Copper is an important and essential element for growing and physiology
development. It is required by a wide variety of cell components, enzymes, cell
respiration, connective tissue and hemoglobin synthesis, having vital functions in
all living organisms and bio-effects added to improve healing of tissue damage and
reducing the Nano-ZnO toxicity in C. carpio (Al-Taee & Al-Hamdani, 2014), but
very high intakes can cause adverse health problems (Demirezen & Uruc, 2006;
Ajani & Akpoilih, 2012). Copper induce to the fish culture through the dietary or
waterborne way as a result of industrial and human activity or even when copper
component as CuSO4 used as anti-microorganism or reduce the toxicity of NanoZnO (Carneiro et al., 2005; Reddy et al., 2006; Al-Taee & Al-Hamdani, 2015).
Copper occurs naturally in aquatic environment at low concentration. It is
important for growth and metabolic activity, but it has harmful effects when it is
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concentration has been elevated. Also, copper can interfere adsorption with other
water column component and forms complexes (Eisler, 2000).
The mechanisms of copper pathway toxicity are: insensitive to exterior copper
concentrations, copper transporter 1 (a transmembrane protein), sensitivity to
external concentration of copper. and it is the ability to competition apical Na+ sited
at branchial epithelial cells inhibit the activity of the membrane-bound Na+/K+ATPase also lead to elevated plasma ammonia, acid-base imbalance olfactory,
smell sense in salmons and hair cells in lateral line impairment as well and induce
oxidative stress (MacKenzie et al., 2004; Linbo et al., 2006; Sandahl et al., 2007;
Green et al., 2010; Eyckmans et al., 2011) lead to architectural and structural
alterations with hyperemia and hypertrophy (Figure 5).

Figure 5: Microscopic examination of gills of C. carpio shows normal structure (a). 200X,
H&E, (b) widespread hyperemia on 2nd filament, 400X, H&E, (c) enlargement of
the epithelial cell lining secondary filament (black arrow), normal epithelial cell
(black arrowhead) 1000X, H&E and (d) curling and fusions in the secondary
filaments (black arrowhead) 100X, H&E. (Delahaut et al., 2020).

Fish Roles in Human Risk
Aquatic organisms, mainly fishes, are the principal source of human
consumption protein. According to the recommendation of the American Heart
Association (AHA) that fishes should be taken at less twice weekly (Javed &
Usmani, 2019), so they represented risk hazard for humans because their exposure
to pollution from industrial activity and deposit in the tissue (marine and freshwater
organisms) which transferred to the human (Goretti et al., 2016).
United States Environmental Protection Agency (USEPA, 2011) reported that
these metals may be carcinogenic or non-carcinogenic for human health. Target
cancer risk (TR) and target hazard quotients (THQ) are measurement terms useful
for determining the effects of HVs on social health, THQ should not reach 1, and if
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it does, there is a probability that it will cause non-carcinogenic risk. The categories
of TR are determined by New York State Department of Health (NYSDOH, 2007)
as in Table 3.
Table 3: Categories of target cancer TR risk.
Target Cancer (TR)
Categories
Range
Low
≤ 10-6
Moderate
10-4 - 10-3
High
10-3 - 10-1
Very high
≥10-1

Heavy metals poses a greater risk to pregnant women, breastfeeding mothers and
children (Javed & Usmani, 2016). In a risk assessment, based on Mastacembelus
armatus consumption, it was shown that accumulation of Ni (58.98 mg/kg dry
weight) approaches non-carcinogenic risk to both adult sexes, whereas the
carcinogenic risk of Ni for male and female was in the range of 3.43 x 10-3 and 3.91
x 10-3, respectively (Javed & Usmani, 2016). Ni, Mn, Fe and Cu are essential
elements and necessary for metabolic activity and biological function in variable
systems in the organism’s body (Sivaperumal et al. 2007; Gemaque et al., 2019).
The U-shape is doing response curve for these elements, because the excessive and
deficiency of essential minerals cause adverse health effects (Stern et al., 2007;
Fernandes et al., 2008).
Fishes may be a source for Ni which is known to cause inflammation and lung
emphysema, tumor and fibrosis. It is also considered as a carcinogenic agent (Forti
et al., 2011). Some metals, such as Fe, are bonded to protein and lead to
neurodegenerative pathogenesis in humans such as Parkinson’s disease and
Alzheimer’s (Koslowski et al., 2012). Wilson disease has resulted from excessive
intake of Cu which accumulates in the brain and eyes, causes damage to kidney and
also causes Mense disease which is a fetal disorder (U.S. Department of Health and
Human Services, 2004; Ameh & Sayes, 2019). Mn has important ability to prevent
cardiac arrest, heart attack and stroke, but it becomes a risky mineral for humans by
taking it at high concentration and causes neurologic and psychologic syndromes
(Saha & Zaman, 2013).
Conclusion
Iraqi river waters are exposed to heavy metal contamination, which leads to
pathological tissue and enzymatic changes in fish body, which is one of the
important vital diagnostic methods for pollution of the aquatic environment. Fishes
may play a significant role in transporting heavy metals accumulated in their tissues
to humans, and thus poses a threat to public health.
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Abstract: The present study was conducted as an attempt to chemically treat
secondary hydatid cyst disease in the Albino mouse Mus musculus strain
Balb/c. Oxfendazole (OFZ) was used at a concentration of 30 mg/kg, and the
histopathological changes in the liver and spleen were examined. The
efficiency of the drug was observed compared to the positive untreated control
group. However, some histopathological changes were noticed in liver and
spleen of the OFZ-treated mice.
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Introduction
Hydatid cyst infection is one of the hazards to human health, due to the
economic losses which it causes to farm animals infected with hydatid cysts, and
the accompanying deficiency of proteins and vitamins, as well as the production of
milk, meat and wool for sheep and cows. In addition, it may result in delayed
growth and fertility, and damage to organs affected by the disease such as the liver
and lungs (Gangadhar et al., 2012).
Hydatid cyst disease in Iraq is due to Echinococcus granulosus (Batsch, 1786).
Because of the importance of hydatid cyst disease from human health and
veterinary point of view, it has been adopted experimentally to infect mice, as they
are similar model to humans in order to study the growth and development of the
parasite and its role by clarifying the relationship between the parasite and the host
(Fotiadis et al., 1999). Recently, Sadek (2022) investigated the efficacy of
oxfendazole, praziquantel and albendazole in treatment of albino mice,
experimentally infected with hydatid cysts.
Received Dec. 9, 2021, accepted Mar. 6, 2022
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Materials and Methods
Mus musculus strain, Balb/c, were used in the current study, which were
purchased from the National Center for Drug Control and Research in Baghdad. In
addition, some individuals were obtained from laboratory-bred mice breeding.
White mice were intraperitoneally (I/P) injected with a challenge dose of 2000
live protoscolices (Wangoo et al., 1989), as well as I/P injections in positive
untreated control group. The positive control group (10 mice) was given the same
amount of the challenge dose, and the negative control group (10 mice) was
injected with 0.2 ml/mice of physiological saline.
Oxfendazole (OFZ) (Synanthic®, Fort, Dodge, Mexico) was used at a
concentration of 30 mg/kg body weight, equivalent to 0.04 mg/ml (Gavidia et al.,
2010).
An attempt to treat secondary hydatidosis in mice, experimentally infected with
protoscolices, by injecting through their intraperitoneal cavity with orally OFZ
which was used in a suspension at a concentration of 5%.
Groups of mice were dosed one week after giving them a challenge dose of 0.25
ml of the drug by oral administration as one dose per week for three months. The
group of negative control mice was dosed with the same volume of distilled water
(Rafiei et al., 2009).
Medical syringes with a volume of 1 ml were used for this purpose, and needles
of 21 degrees with a modification of the tip of the pointed needle and converting it
to the tip of a scepter, by cutting off the sharp needle tip and replacing it with a tip
made of thermal silicone to prevent injury or scratching of the mouth during the
administration of the drug.
Parameters of the Study
Examination of Secondary Hydatid Cysts in Mice
Internal organs (liver and spleen) were visually examined after killing and
dissecting mice, in order to determine the sizes, numbers and locations of
developing secondary hydatid cysts four months after infection and treatment of
groups of mice treated with the drug as well as the control group after the same
period. The developing hydatid cysts were accurately separated and their diameters
and weights were measured to the nearest 1 mm and gram, respectively. In the case
of hydatid cysts that developed in the form of assemblies with a correlation
between their cysts, their weights and diameters were measured as a single mass
(Pérez-Serrano et al., 1997). Because of the difficulty of separating some hydatid
cysts from each other’s, their weight, number and diameter of the cysts formed for
each of those gathering were determined. As for the calcified and bruised cysts, the
fibrous cover was torn off by scissors and a sample of its internal contents was
taken and placed on a glass slide with a drop of eosin colored drop, and its contents
were examined. Casado et al. (2001) equation was followed to determine the
relative efficacy of treatment by calculating the percentage reduction in the number
of hydatid cysts as:
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(Average number of cysts in the control group- average number of cysts in the
treatment group)/ Average number of cysts in the control group x 100.
Preparation of Histological Sections
Histological sections of the resected organs (liver and spleen) of mice were
prepared according to the method of Bancroft & Stevens (1982) according to the
following steps:Fixation: Tissues were cut with a volume of 1 mm3 taken from animal organs
(liver, spleen) and placed in Bouin’s solution for a whole day and then placed in
ethanol alcohol at a concentration of 70%.
Dehydration: Atomization was conducted and the organ tissues were passed in
water with increasing concentrations of ethyl alcohol: 50%, 60%, 70%, 80%, 90%
and 100% for 60 minutes for each concentration.
Clearing: Xylene was used. The liver and spleen pieces were placed in a glass
container containing xylene for two hours, to obtain the best dilution, and they were
placed in a second glass container containing xylene for another hour.
Infiltration: Saturation of the tissues with paraffin wax was done at a melting
point of 58 °C by using three glass containers in which the liver and spleen pieces
were placed for 60 minutes in each bowl in an electric oven at a temperature of 56
°C. The saturated tissues with paraffin wax at a melting point of 58 °C by using
three glass containers in which the liver and spleen pieces were placed for 60
minutes in each bowl in an electric oven at a temperature of 56 °C.
Embedding: The tissues were transferred into L-shaped wax iron molds after the
base of the molds had been frozen and left in a cool place to freeze. It was separated
from the mold and kept in a cool place until it is cut.
Trimming and Sectioning: The wax molds containing pieces of tissue were cut
and after trimming and fixing them in a rotary microtome device, they were cut for
the purpose of obtaining slices with a thickness of 4-5 micrometers with a few
drops of distilled water, then the slices were placed on the slides at 40 °C hotplate
to brush and flatten the sections.
Dewaxing: The glass slides were placed in the electric oven to melt the wax
from the tissue pieces at 60 °C for 20 minutes, and the paraffin wax was completely
removed from the tissue pieces to prepare them for the dyeing process.
Staining: To stain the glass slides, the slides were passed in a series of
descending alcohols: 100%, 90%, 85%, 70% and 50% for two minutes in each
concentration, until they were blue in color. Then, they were stained with eosin
stain to dye the cytoplasm in a reddish pink color for 15-30 seconds, then dipped in
water and taken out and transferred to an ascending series of ethyl alcohol at
concentrations of 50%, 60%, 70%, 80%, 90% and 100% for two minutes in each
concentration, then transferred to xylene for the purpose of purification for 10
minutes.
Downloading Distyrene Plasticizer Xylene (DPX): The DPX was used to load
the glass slides and put them on a hot plate for 60 minutes to dry, then the glass
slides were covered with cover slip.
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Examination and Photography: The tissue sections were microscopically
examined by using Olympus optical microscope. After examining them, those
sections were photographed by using Olympus compound microscope equipped
with a BX45 camera.
Results
Histological Changes in the Liver and Spleen
The histological sections of the liver of normal mice, are consisting of lobules.
Each lobule is mediated by a branch of the hepatic vein called the central vein,
which occupies each lobule of hepatocytes. The lobules are arranged in the form of
radial cords, so that spaces are observed between them, which are called hepatic
sinusoids (Plate 1). In the positive control condition, scattering and irregularity of
hepatocytes and fibrosis were observed (Plate 2). When using OFZ, histological
sections of the treated mice’s liver showed hepatocyte hypertrophy, central vein
expansion, blood congestion, and nuclei lysis of some hepatocytes (Plate 3).
As for the normal shape of the spleen tissue (negative control), white pulp,
lymphatic follicle, germinal center, marginal band and red pulp were observed
(Plate 4). When compared with changes that occurred in the positive control,
rupture of the splenic parenchyma tissue, necrosis of dead cells and expansion of
the white pulp were observed (Plate 5). As for the changes in the spleen tissue in
OFZ-treated mice, a slight necrosis of the parenchyma tissue and a clear emergence
of the white pulp at the expense of the pulp were observed (Plate 6).

B
D
A

Plate 1: Negative control shows the architecture of liver tissue around the central vein (A),
hepatic cords (B), hepatic sinusoids (C) and Kupffer cells (D). H&E, 250X.
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Plate 2: Positive control shows the presence of scattering hydatid cyst wall (A), irregularity
of hepatocytes (B) and fibrosis (C). H&E, 400X.
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Plate 3: Treatment with OFZ shows hepatocyte hypertrophy (A), central vein dilation (B),
blood congestion (C) and nucleus degeneration of some hepatocytes (D). H&E,
250X.

A

D
E
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B
Plate 4: Negative control of normal shape of spleen tissue shows white pulp (A), lymphatic
follicle (B), germinal center (C), marginal zone (D) and red pulp (E). H&E, 100X.
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Plate 5: Positive control shows the presence of a rupture in the splenic parenchyma tissue
(A), necrosis of dead cells (B) and expansion of the white pulp (C). H&E, 250X.

Plate 6: OFZ treatment shows simple necrosis in the parenchymal tissue of the spleen (A)
and clear protrusion of the white pulp (B) at the expense of the red pulp (C).
H&E, 250X.

Discussion
In intermediate hosts, the disease mostly remains asymptomatic and is usually
detected at post mortem inspection. The hydatid cysts grow slowly and take several
years to cause symptoms. The cysts are primarily located in liver and lungs but
could be found in many other organs such as spleen, heart and kidneys (WHO/OIE,
2001). The infiltration of inflammatory lymphocytes at the site of injury due to the
release of toxic substances in the liver tissue by the parasite leads to activation of
eosinophil formation as the size of the hydatid cyst increases, as well as an increase
in the number of macrophages that remove the host tissues affected by infection
(Pollaco et al., 1978).
The parasite evades the immune system of its host by blocking the surface of its
antigens and interfering with this antigen-presenting mechanism in addition to the
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granulocyte as an attempt to defend the host against infection through the
production of cytokines IL-8 and IL-12 (Vuitton, 2003).
The histopathological changes in the liver of mice treated with OFZ showed
hepatocyte hypertrophy, central vein expansion, blood congestion and the nucleus
degeneration of some hepatocytes (Plate 3) compared with the changes that
occurred in the positive control, represented by the occurrence of scattering and
irregularity of hepatocytes and the occurrence of fibrosis, which indicates the role
of the drug in reducing the damage that occurred, by using of OFZ and Albendazole
in combination form gave better results because of restoration of apoptosis pathway
(Hussein et al., 2021). As for the changes in the spleen tissue of the mice treated
with OFZ, it was noted that the damage was less, represented by simple necrosis of
the parenchyma tissue and a clear emergence of white pulp at the expense of the red
pulp (Plate 6) compared to the positive control. Sadek & Al-Taie (2022) also
confirmed that OFZ gave the best treatment of laboratory animals infected with
hydatid cysts.
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Abstract: The study was the first trial to evaluate the effect of the Hindiya
Dam on the Euphrates copepods diversity during January to December 2019.
The copepod density average was decreased clearly at downstream the dam
compared with dam site. Nauplii showed the highest percentages relative
abundance while Macrocyclops albidus albidus was the lowest. Thirty-eight
taxa were recorded, including 9, 4, 2, 1 and 22 taxa of Calanoida,
Harpacticoida, parasitic cyclops, nauplii, and Cyclopoda, respectively. The
average values of species richness index declined from 0.83 at site 1 to 0.62 at
dam downstream. Copepods were considered as a distributed richness. Site 4
with 5 had the lowest similarity (49.99%), whereas the highest Jaccard index
percentage (92.5%) was between sites 1 and 4. The average values of ShannonWeiner index ranged from 0.788- 0.96 bit/ind at up and downstream dam,
respectively. The dam is considered as moderate to unbalance according to
uniformity index. Constant taxa decreased from 6 on upstream to 4
downstream dam. It was concluded that the change in hydrological conditions
from current water in site 1 to limnetic basins in site 2, then back to current
water at sites 3, 4 and 5 downstream dam had a significant impact on the
spatial composition of the copepod community.
Keywords: Biodiversity, Copepoda, Invertebrates, Regulated River, Iraq

Introduction
Rivers and lakes are important to global biodiversity and highly sensitive to
environmental stresses (Vorosmarty et al., 2010). Biodiversity is maintained
globally by the habitats of freshwater (Poff et al., 2007). Dams significantly
changed aquatic ecosystems such as rivers more than other human activities (Lees
et al., 2016), therefore induce alterations in sediment regimes, river flow regimes,
geomorphology and wetland morphology (Donohue & Molinos, 2009).
Zooplankton communities (Rotifera, Cladocera and Copepoda) are impacted by
abiotic factors (e.g. light, precipitation, hydrology and turbidity) in addition to
biotic factors (e.g. parasitism, competition, predation and diseases (Dejen et al.,
2004). The importance of these factors to zooplankton communities differs
according to seasons and species (Jones et al., 2015). So, it is increasingly used in
aquatic environments as bioindicators (Okorafor et al., 2013) as well as having high
Received Dec. 15, 2021, accepted Feb. 28, 2022
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sensitivity and reaction to environmental variation (Shah & Pandit, 2013).
Therefore, several local studies are dealing with a zooplankton group as indicative
of environmental stress, such as those of Al-Lami et al. (2004), Radi et al. (2005),
Nashaat (2010), Nashaat et al. (2013), Hassan et al. (2014), Ala Allah et al. (2015),
Nashaat et al. (2015, 2016), Rasheed et al. (2016), Merhoon et al. (2017), Abbas et
al. (2017), Abed & Nashaat (2018), Al-Bahathy & Nashaat (2021) and Nashaat et
al. (2021). The present study is considered as the first trial to evaluate the effect of
Hindiya Dam on the Euphrates copepod community, in Babylon Province, which
can be considered as the main objectives by investigating these impacts on
Euphrates copepod diversity.
Material and Methods
Study Area Description
Hindiya Dam is situated on the Euphrates River in the south of Musayyib City in
the north of Babylon Province, Iraq. The dam length is 250 m and has 36 dams’
spillways, 5 m width of each one (Mutin, 2003). It was designed for treating
sediment matter of the one of the two major branches of the Euphrates River in this
area called Hilla River.
Sampling Sites
Five sites for collection of study samples on the Euphrates River near Hindiya
Dam were chosen (Map 1).
Site 1: This site is located before the Babylon Cement Factory, south of the
Musayyib City, about 1 km upstream the Hindiya Dam at 44̊ 16' 05"N, 32̊ 44'
18"E and Euphrates River was 328 m wide.
Site 2: It represents the Hindiya Dam site which is wider than other sites, it is about
366 m wide at 44̊ 16' 07" N, 32̊ 43̕' 42"E.
Site 3: It is located at about 400 m down Hindiya Dam with 235 m wide at 44̊ 16'
06"N, 32̊ 43' 29"E.
Site 4: It is located at about 5 km down Hindiya Dam at 44̊ 15' 16"N, 32̊ 41' 24"E,
and has 293 m wide.
Site 5: It is located at about 10 km downstream site 4, and about 15 km downstream
the Hindiya Dam at 44̊ 13' 12"N, 32̊ 35' 50"E, and has 231 m wide.
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Map 1: The study area with sites of samples collected. (Source: Ministry of Water
Resources, Baghdad, 2017 personal communication).

Copepod Collection and Identification
Samples were collected monthly from January to December 2019 at a depth of
0.5 m. Forty liters of water were filtered through net with mesh size of 55 µm by
using a graduated bucket (10 l). A copepod sample was transferred from the net
collector to a 500 ml vial. After that, the sample was concentrated to 10 ml for
counting by using the same size mesh (Tranter et al., 1981). The specimens were
preserved in 4% formalin (Edmondson, 1959). The samples were examined under a
compound microscope and the species were identified according to the diagnostic
keys: Edmondson (1959) and Smith (2001). The results were expressed for
individual/m3.
Ecological Indexes
The following ecological indices were counted: Relative Abundance Index (Ra)
was calculated depending on the formula used by Odum (1971). The Species
Richness Index (D) was calculated monthly according to Margalef (1968). Jaccard
Presence-Community was calculated according to Jaccard (1908). Shannon-Weiner
Diversity Index (H) of copepod communities was calculated monthly by using the
formula of Shannon & Weiner (1949). The Species Uniformity Index (E) was
measured as stated in Neves et al. (2003). Uniformity is in appearance if the value
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of the index is higher than 0.5 according to Pielou (1977). Constancy Index (S) was
calculated according to Serafim et al. (2003).
Results and Discussion
Copepoda Density
The density values of Copepoda ranged from 450 ind/m3 to 10175.5 ind/m3 at
site 1 (upstream the dam) during February and November (Figure 1).
On the other hand, the values of the dam site were raised so, they ranged from
666.64 ind/m3 to 10766.4 ind/m3. The lowest values were in January, whereas the
higher values were in November. The copepod density at site 3 decreased in relation
to the dam site, then increased in sites 4 and 5, ranging from 226 ind/m3 to 24199.86
ind/m3, respectively. The lower value was recorded in February at site 3, while the
higher value was recorded in December at site 5.
As for spatial variations, density values reduced on site 3 (below the dam)
compared with the site 2 because copepod species which have large size, made it
exposed to damage when passing the dam and exposure to predation risk in site 3,
downstream the dam (Grabowska et al., 2013).
Hindiya Dam site 2 had a high density of a copepods. This may be related to
open water zones, longer water retention time and lower current velocity
(Czerniawski & Sługocki, 2017).
For the same reasons, one can attributed the higher density values of copepods
in site 5 compared with other sites. This could be either owing to the occurrence of
copepods in the river with suitable features, such as, longer water retention time in
open water zones, current velocity of less than 0.1 m/s, and to intense of
macrophytes (Czerniawski & Sługocki, 2017), and all these conditions which were
presented in site 5.
As for temporal variations, copepods density values showed that two peaks were
detected at the end of spring and autumn, which coincided with suitable water
temperature for egg hatching and development as well as phytoplankton growth
increment (Vadstein et al., 2004; Haberman & Haldna, 2017), or due to an increase
in nutrients and the absence of vertebrate and invertebrate predators that may be
selective for large sizes (Ibrahim, 2005; Al-Keriawy, 2014). The lower copepod
densities in winter and the beginning of spring could be due to high turbidity in
winter, which reduced feeding rates of copepods (Zhao et al., 2017), or owing to its
predation by both fish larvae and macroinvertebrates at the beginning of spring
(Gayosso-Morales et al., 2019).
The result of the current study agrees with some local and international studies
such as Al-Nimrawee (2002), Zhou et al. (2008), Havel et al. (2009), Sharma et al.
(2010), Grabowska et al. (2013), Salman (2015) and Portinho et al. (2016).
Conversely, the findings of this study disagreed with other studies which have
detected lower density values of copepods in the dam site compared with
downstream the dam such as Sabri et al. (1993) when discussed effect of Samarra
Dam on zooplankton of the Tigris River as well as Al-Shamy (2016) who carried
out a number of investigations on Al-Kut Dam's impacts on zooplankton.
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The disagreed studies recorded values of copepod density in downstream the
dam higher than the dam site. This could be either due to the high discharge from
the impoundment, which may increase the populations in the river site downstream
the dam by flushing the small backwaters in which copepods were abundant (Sabri
et al., 1993), or owing to dam reservoir which was exposed to environmental stress
such as predation or sewage effluents (Gayosso-Morales et al., 2017).
The present results agreed with those obtained by some studies such as Ibrahim
(2005) and Al-Keriawy (2014), who observed that increment in the copepods
density was in autumn, which was associated with an increase in nutrients and the
absence of vertebrate and invertebrate predators that they may be selective for large
sizes. Similarly, Salman (2015), recorded the highest density during the spring in
Gharaf River in Wasit Province. The present findings agreed with the Sharma et al.
(2010) who recorded the highest density of copepods during spring in the Narmada
River in India.
In contrast, the findings of this study disagreed with Kushawaha & Agrahari
(2014) when they examined zooplankton in the Rapti River in India who recorded
the highest density of copepods (499.8 ind/l) during the summer season, while the
lowest was 75 ind/l during the rainy season.
Finally, it was shown that the dam had an effect on copepod densities,
particularly on site 3 (downstream the dam), which was lower than the dam site,
based on the results of this study and some previous studies. This may be due to the
copepods' large size, which exposed them to damage while going through the dam,
or predation in site 3 (downstream the dam) as explained by Grabowska et al.
(2013).
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Figure 1: Monthly variations of copepod densities (ind/m3) at five sites of the Euphrates
River, north of Babylon Province during January to December 2019.

Ecological Indexes
Figure 2 and Table 1 represent values of relative abundance index of copepod
taxa which showed that nauplii had the highest percentages ratio followed by
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immature cyclops, Cyclops (♂), Cyclops sp., Paracyclops fimbriatus (Fischer,
1853), immature calanoids, Halicyclops sp. and Paracyclops affinis (Sars, 1863),
respectively at all sites of the study area.

Figure 2: Dominant copepod species at five sites of the Euphrates River, north of Babylon
Province during January to December 2019.
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Table 1: List of the copepod taxa with Copepod's relative abundance and constancy index
in the five studied sites.
Taxa

1
2
3
4
5
6
7
8

Calanoida
Diaptomus amatitlanensis Wilson M.S.,
1941
Diaptomus arapahoensis Dodds, 1915
Diaptomus floridanus Marsh, 1926
Diaptomus gracilis Sars, 1863
Diaptomus novemdecimus Wilson, 1953

9

Diaptomus sarsi Rylov, 1923
Diaptomus sp.
Hesperodiaptomus franciscanus
(Lilljeborg, 1889)
Immature Calanoida

10
11
12
13
14
15

Cyclopoida
Cyclops capillatus Sars G.O., 1863
Cyclops exilis Coker, 1934
Cyclops jeanneli Chappuis 1929
Cyclops venustoides Coker, 1934
Cyclops vernalis Fisher, 1853
Ectocyclops phaleratus (Koch, 1838)

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Ectocyclops sp.
Eucyclops agilis Koch, 1838
Eucyclops macrurus (Sars, 1863)
Halicyclops sp.
Macrocyclops albidus albidus (Jurine,
1820)
Mesocyclops albicanus (Smith G. W.,
1909)
Mesocyclops hylalinus (Rehberg, 1880)
Mesocyclops leuckarti (Claus, 1857)
Paracyclops affinis (Sars, 1863)
Paracyclops fimbriatus (Fischer, 1853)
Paracyclops poppei (Rehberg, 1880)
Pesceus reggiae (Wilson M. S., 1958)
Tropocyclops prasinus (Fischer, 1860)
Cyclops (♂)
Cyclops sp.
Immature cyclops
Harpacticoida
Nitokra lacustris (Schmankevitch, 1875)
Nitokra spinipes Boeck, 1865
Nitokra sp.
Immature Harpacticoida

Relative abundance*
Sites
1
2
3
4
5
R

R

R

R
R

R
R

R

R

5

A

A

A

R

R
R
R
R

R

1

Constancy**
Sites
2
3
4

A
A

R
R

A

R

A
A
A

A

Ac Ac Ac

R

R

R
R

R

R
R
R
R
R

A

R

R

A
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R
R

R

R
R
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A
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A
A

A

A
c

A

R
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R
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R
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R

R
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R
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Ac
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A
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A

A
A

A
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A
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A
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R
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R
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R
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R
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R
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R
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R
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R
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A
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A
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Nauplii of Copepoda
Parasitic cyclops
Ergasilus von Nordmann, 1832
Lernaea Linnaeus, 1758

D

D

R
R

D

D

R

R

D

C

C

A

A
A

C
A
A

C

C

A
A

*Relative abundance: > 70%: Dominant species (D), 40%-70%: Abundant species (A), 10%-40%:
Less abundant species (La). < 10%: Rare species (R).
**Constancy index: Frequencies calculated from % occurrence in samples. Accidental species (A)
zooplankton occur in 1%-25%, Accessory species (Ac) occur in 25%-50% of samples and constant
species (C) occur in more than 50%.

Site 1 (upstream the dam) showed more abundant copepod species, nauplii,
immature cyclops, Paracyclops fimbriatus, Cyclops (♂) and Halicyclops sp. which
recorded percentages of 75%, 9%, 3%, 2% and 2%, respectively.
Hindiya Dam (site 2) showed that nauplii, Cyclops (♂), immature calanoids and
Paracyclops affinis had recorded percentages of 91%, 3%, 1% and 1%, respectively.
Site 3 (downstream the dam) showed that nauplii, immature cyclops,
Halicyclops sp., Cyclops sp. and Paracyclops fimbriatus recorded percentages of
75%, 8%, 3%, 2% and 2%, respectively.
In site 4, nauplii, immature cyclops, Paracyclops fimbriatus, Cyclops sp. (♂) and
Ectocyclops sp. recorded percentages of 78%, 7%, 3%, 2% and 2%, respectively.
In site 5, nauplii, immature cyclops, Eucyclops macrurus, Cyclops sp. and
Macrocyclops albidus albidus recorded percentages of 82%, 5%, 4%, 3% and 2%,
respectively.
In the Euphrates River, the dominance of nauplii had greater densities compared
with adult copepods, which could be due to their similarity to the rotifers which can
drift passively farther than adult copepods for the small size and weight of nauplii,
or due to having the tolerance to wide environmental conditions (Thorp & Rogers,
2014), or because of predation intensity which was higher to adult forms, especially
in reservoir water as a result of lack of macrophytes (Czerniawski et al., 2017)
which caused a higher relative abundance in the Hindiya Dam site compared with
other sites.
In view of all that has been mentioned so far, the present observations, as well as
with previously known studies, it has been shown that the dam has an effect on the
relative abundance of copepod species. This could be due to the reservoirs, even
with short water retention times, led to higher densities of nauplii followed by
immature copepods compared with adult copepods because predation intensity was
higher to adult forms, especially in water of Hindiya reservoir as a result of lack of
macrophytes (Czerniawski et al., 2017).
Figure 3 showed the temporal and spatial variations of copepod richness values
during the study period, site 1 (upstream the dam) values were ranged from 0.391 to
1.474, during August and March, respectively.
On the other hand, the recorded values at Hindiya Dam (site 2) ranged from
0.391 to 1.103 during January and October, respectively. The values of this index of
copepods were declined at sites downstream of the dam (sites 3 and 4) compared
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with the dam site that ranged from zero to 1.14. The lower values were at site 4 in
December, whereas the higher value was at site 3 in November.

Figure 3: Temporal and spatial variations of the richness index of copepods during the
study period.

As for spatial variations, in site 4 the lowest values in richness were recorded.
This may be due to its location faraway from the dam reservoir, which was the
river's main source of cladocerans and copepods (Havel et al., 2009).
As for temporal variations, copepod richness was higher in spring and autumn.
Its richness increment may be due to suitable water temperature (Haberman &
Haldna, 2017), or due to increment of phytoplankton growth, which are considered
as major food to grazers of zooplankton (Wu et al., 2014) in spring and autumn
months as well as due to, the high organic matter as a food source for zooplankton
(Dražina et al., 2017). In addition, zooplankton richness had high values, which
might be due to its coincidence with high water discharge in June and July (Branco
et al., 2018). All mentioned reasons (suitable water temperature, phytoplankton
growth, organic matter and high water discharge) are considered as important causes
for zooplankton richness increment in spring, summer and autumn. If richness value
was ≥ 5, it would be classified as perfect. If it was from 3 to 5, then classified as
moderate and if the index value was ≤ 2, then they classified as distributed (Hussain,
2014). Euphrates River copepods were considered as of distributed richness during
2019 in the study area according to Hussain (2014). In addition, the decline of total
zooplankton richness values in the sites below the dam compared with the dam site
agrees with some other studies such as those of Sabri et al. (1993), Czerniawski &
Domagala (2014), Czerniawski et al. (2017) and Zhao et al. (2017).
Czerniawski & Sługocki (2017) observed an increment of richness values with a
higher current velocity (˃0.1 m/s). This is consistent with downstream the dam site
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in the current study, while richness values are reduced with a less water current
velocity (˂0.1 m/s) which are consistent with the dam site in the current study.
Conversely, these findings disagreed with some local and global studies that
found that zooplankton richness raised in the site below the dam compared with the
dam site, such as Zhou et al. (2008), Grabowska et al. (2013) and Al-Shamy (2016).
The current study recorded the highest richness of copepods in spring and
autumn, which is in agreement with some local and global studies such as Ajeel et
al. (2005), Ali (2010), Rabee (2010), Nashaat (2010), Akbar (2013), Mwagona et al.
(2018) and Pinto (2018).
The disagreed studies with the spatial variations findings recorded values of
zooplankton richness in downstream the dam, which were higher than the dam site.
This could be either owing to the slower water current in reservoirs, which provides
a less number of zooplankton taxa compared with the streams and rivers
(Czerniawski & Sługocki, 2017), or their study site downstream the dam was further
than this study downstream the dam site, which made it far from the negative dam
effect on the density and richness of zooplankton.
In view of all that has been mentioned so far from the present findings and the
previous agreed studies, it was proved that the dam affected zooplankton richness,
especially on site 3 (downstream the dam), which was lower compared with the
dam. This might be related to the effect of current velocity on chlorophyll a content
and physicochemical conditions. The zooplankton densities and richness are clearly
correlated with the concentration of chlorophyll a, which is associated with better
nutritional conditions for filter-feeding zooplanktons. This is more frequently
occurred in lentic waters (Lévesque et al., 2010).
Thirty-eight taxa of copepod species were recorded during the study period,
including nine taxa of Calanoida, four taxa of Harpacticoida, two taxa of parasitic
cyclops, one taxa of Nauplii and 22 taxa of Cyclopoda (Table 1).
The present findings showed that copepods included cyclops which occurred
with eight taxa, while Diaptomus with seven taxa. Mesocyclops, Nitocra and
Paracyclops included three taxa each. Ectocyclops and Eucyclops included two taxa
each. The rest of the genera have one taxa each (Table 1). In comparison with some
local studies, Nashaat (2010), through a study of Tigris River near Al-Durah Power
Plant in Baghdad, showed that richness range was 1.23-6.17 and recorded 147
taxonomic taxa belonging to zooplankton, including 44 taxa of copepods: genera
Diaptomus and Leptodiaptomus with four species each and also the genera
Onychodiaptomus, Cyclops and Skistodiaptomus with three species each. AbdulWahab & Rabee (2015) recorded richness range from 1.05-12, and recorded 106
taxonomic units of zooplankton, including 25 taxa of copepods. Al-Shamy (2016)
observed through study of Al-Kut Dam that richness range was 0.37-4.35, with 79
taxa of zooplankton that included 17 taxa of copepods. Copepods included the
genus Cyclops which occurred with species as well as Ectocyclops and Paracyclops
which occurred with two species each.
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In comparison with some global studies, Sleem & Hassan (2010) reported
species richness range from 1.8-2.4 through study of zooplankton in Nile River.
Long et al. (2014) recorded, in Bakun in Malaysia, richness range from 0.23-0.24.
As for similarity index, site 3 had low copepods similarity values (Table 2,
Figure 4). This could be due to the poor water quality and more polluted site
compared with other sites which affected by Hindiya Dam.
Table 2: Jaccard presence coefficient matrix between sites for copepods.
1
4
2
3
3
2
4
1
Similarity Matrix
S 1
S 1
*
S 2
*
S 3
*
S 4
*
S 5
*

7.49165
13.79156
14.51889
37.78501

92.50835
86.20844
85.48111
62.21499

1
1
1
1

4
2
3
5

S 2
86.2084
*
*
*
*

S 3
85.4811
77.5225
*
*
*

S 4
92.5083
81.3452
84.9216
*
*

S 5
54.1563
62.215
50.4989
49.9904
*

Figure 4: Dendrogram of Jaccards index percentages of copepods.

These local and global studies found that less similarity index value in site below
the dam compared with other sites. For example, Al-Shamy (2016) on the effect of
Al-Kut Dam on zooplankton. Similarly, Zhou et al. (2008) on zooplankton in a
small dam on Xiangxi River in China, as well as Czerniawski et al. (2013) on
zooplankton communities of River Oder in Poland.
Conversely, findings of the present study disagreed with Grabowska et al. (2013)
in the Narew River in Poland which recorded less similarity index values in the last
downstream site which was a riverine site further distance from the dam.
In view of all that has been so far mentioned from the present findings and the
previous similar studies, it was proved that the dam was affected by decrease
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similarity value on site 3 which became more polluted site compared with other
sites.
Figure 5 showed that Shannon Weiner diversity values of copepods in the study
area ranged at site 1 (upstream the dam), from 0.59 to 1.6 bit/ind in November and
March, respectively, while the values of the Hindiya Dam site (site 2) were
decreased, ranged from 0.18 to 1.33 bit/ind in October and December, respectively.
However, such values increased at site 3 compared to site 2, then decreased in sites
4 and 5 which ranged from zero to 1.84 bit/ind. The lowest value was at site 4 in
December, whereas the higher value was at site 3 in February.
Euphrates River copepods were considered as poorly diversified because this
index value ranged from 0.5 to 1 bit/ind in all study sites during the study period
(Hussain, 2014).

Figure 5: Variation of Shannon Weiner Diversity Index for copepods in the Euphrates
River.

The spatial variation in Shannon values of copepods showed higher values in the
Hindiya Dam site 2 compared with other sites. This might be due to the fact that
crustaceans prefer lentic water bodies such as reservoirs or lakes because they have
longer life cycles, and they are larger in size than rotifers (Błędzki & Rybak, 2016).
Also, Shannon values of copepods declined gradually as the distance from the dam
reservoir increased in site 3, 4 and 5 (Figure 5) as the reservoir provides optimal
conditions for their growth (Havel et al., 2009).
Temporal variations of copepods showed that increment of Shannon index
values coincided with suitable water temperature (Haberman & Haldna, 2017) and
increment of phytoplankton growth at spring, which is considered as a major food
for zooplankton grazers (Sharma et al., 2010). Also, Shannon index values' peak
coincided with high water discharge during summer (Branco et al., 2018).
The current study agrees with some local and global studies that outlined the
higher diversity values of copepods in the dam reservoir compared with the site
(below the dam) such as indicated by Al-Nimrawee (2002), Zhou et al. (2008),
Havel et al. (2009) and Portinho et al. (2016). In contrast, other local and global
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studies disagreed with this findings such as Sabri et al. (1993) and Al-Shamy
(2016).
The disagreed studies were recorded less diversity values of crustaceans in the
dame site compared with site (below the dam). This could be either due to the high
discharge from the impoundment may flush the small backwaters in which
crustaceans were abundant, thus increasing species of the populations in the river
site below the dam (Sabri et al., 1993), or due to dam reservoir exposed to
environmental stress (e.g. predation, sewage effluents) which made it of less
suitability to crustacean growth compared with the site below the dam (GayossoMorales et al., 2017).
In view of all that has been mentioned so far from the present findings and the
previous agreed studies it has been proven that the dam affected on Shannon index
values of crustaceans especially on Hindiya Dam site which were higher diversity
values compared with site 3 (below the dam). This might be due to crustaceans
prefer lentic water bodies such reservoirs or lakes because crustaceans have a
longer life cycles, and they are of larger size than rotifers (Błędzki & Rybak, 2016),
or owing to the reservoir provide optimal conditions for its growth and it was the
major source of the river crustaceans (Havel, 2015).
Figure 6 showed that uniformity index values of copepods at site 1 (upstream the
dam) ranged from 0.28 to 0.70 in November and July, respectively. The values of
the Hindiya Dam site 2 declined from 0.07 to 0.62 during October and January,
respectively. The values of this index of copepods at sites (downstream the dam)
were increased compared with the dam site which ranged from zero to 0.96. The
lower value was at site 4 in December, whereas the higher value was at site 3 in
January.

Figure 6: Uniformity Index values of copepods in the Euphrates River during the study
period.

The spatial variation for copepods of Hindiya Dam site had high uniformity
index values of crustaceans in this site compared with site 1 and other sites. This
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could be due to crustaceans prefer lentic water bodies such lakes or reservoirs
because of it have a longer development cycle. Also, they are heavier and larger in
size than rotifers (Błędzki & Rybak, 2016), whereas, uniformity index values of
crustaceans gradually declined as the distance from the dam reservoir increased at
site 3, 4 and 5 as showed in Figure 6 owing due to the reservoir provide optimal
conditions for its growth which was the major source of the crustaceans of the river
sites (Havel et al., 2009).
As for temporal variations of Uniformity Index values, increment on copepods
coincided with increment of phytoplankton growth at spring and autumn, which are
considered as major food to grazers of crustaceans (Sharma et al., 2010). Also, other
increment of uniformity index values coincided with high water discharge at
summer (Branco et al., 2018).
If uniformity index value is 0.8- ≥0.9, it would be classified as highly balanced.
If it is from 0.6 to 0.7, then it is classified as moderate balanced and if this index ≤
5, then it is classified as unbalanced (Hussain, 2014). So, copepods of Euphrates
River are generally considered from moderate to unbalance during 2019 in this
study area.
Local and global studies highlighted that uniformity index values of crustaceans
were higher in the dam reservoir compared with the site (below the dam). Such as
the study of Al-Nimrawi (2002) on the impact of the Qadisiyah Dam on the
Euphrates River. Similarly, Zhou et al. (2008) discussed impacts of Small Dam in
Xiangxi River in China. Also, Havel et al. (2009) carried similar study to
demonstrate the effect of main-stem dams on zooplankton communities of the
Missouri River in USA. Portinho et al. (2016) found that crustacean uniformity
values were higher in Itaipu Reservoir on the Paraná River in Brazil compared with
site below the dam.
In contrast, Sabri et al. (1993) and Al-Shamy (2016) recorded less uniformity
values of crustaceans in the dam site, compared with the site below the dam during
the higher river discharge months in Samarra Dam on the Tigris River and in Al-Kut
Dam, respectively.
The disagreed studies recorded lower uniformity values of crustaceans in the
dame site. This could be due to the fact that dam reservoir was more exposed to
environmental stresses (e.g. predation, sewage effluents) which made it less suitable
to crustaceans growth compared with the site below the dam (Gayosso-Morales et
al., 2019).
Finally, according to present findings and some previous studies, it was proved
that the dam affected on uniformity values of crustaceans in Hindiya Dam site
which had higher values compared with other sites. This might be due to the fact
that crustaceans prefer lentic water bodies such reservoirs or lakes as they have
longer life cycles, and they are of larger size than rotifers (Błędzki & Rybak, 2016).
Table 1 showed that nauplii, immature cyclops, Cyclops (♂), Cyclops sp.,
Paracyclops fimbriatus and Halicyclops sp. recorded the highest occurrence of
copepods species at most or all sites which occurred in more than 50% of samples
collected from Euphrates River in Hindiya Dam area during the study period.
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The constant species of copepods were six at the dam site, while, they decreased
to four constant species at site of downstream the dam
Simões et al. (2015) studied the impact of reservoirs on constancy of species and
compared them with natural lakes in Brazil. They found that constant species
occurred in lakes more than in reservoirs and only rotifer species were notable in the
reservoirs, while rotifers and crustaceans were recorded in natural lakes. This result
could be related to the contribution of littoral zone and sediment with the pelagic
zone of lakes. Accessory species were expected to be more influenced to
environmental changes. In contrast, the constant species were more resistant to
environmental changes in the dam.
Zhou et al. (2008) referred to the increment of occurrence and abundance of
some zooplankton species positively in reservoir with number of constructed dams
on the river. The existence of small reservoirs, even with a short water retention
times, leads to more presence of pelagic zooplankton in rivers and lead to drift them
from the upstream impoundments which agreed with the present results, especially
with existence of several upstream reservoirs as Haditha Dam, Ramadi Barrage and
Fallujah Barrage) that would influence abundance of pelagic zooplankton in
Hindiya Dam sites.
It was found that all of nauplii, immature cyclops, Cyclops (♂), Paracyclops
fimbriatus and Halicyclops sp. were more frequent and formed constant taxonomic
units during the study period.
Thorp & Rogers (2014) observed that the dominance of nauplii (Figure 7) in
rivers with greater densities frequently compared with adult copepod forms owing
to its similarity to the rotifers which can drift passively farther than copepod adults
for the small size and weight of nauplii, or may be due to its tolerance to a wide
range of environmental conditions.

Figure 7: Densities of nauplii during the study period.
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Czerniawski & Domagała (2014) observed that nauplii, followed by immature
copepods (Figure 8), have greater occurrence compared with adult copepod forms as
a result of the predation intensity which was higher to adult forms. This is in
agreement with their higher occurrence in sites of the present study area.

Figure 8: Densities of immature cyclops at the study sites.

Brandl & Prazakova (2002) found that most cyclopoid species, such as cyclops,
prefer to live in brackish water as they feed on all common species of rotifers, as
well as nauplii and immature cladocerans (Figure 9).

Figure 9: Densities of Cyclops (♂) during the study period.

Błędzki & Rybak (2016) referred that Paracyclops fimbriatus (Figure 10)
occurred frequently in the study area because it has a cosmopolitan distribution and
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thrive in total dissolved solids (TDS) rich water for river and lakes which agreed
with water nature of the present study area.

Figure 10: Densities of Paracyclops fimbriatus during the study period.

Fuentes-Reinés et al. (2013) reported that the frequent occurrence of Halicyclops
sp. (Figure 11) which occurred frequently in study area may be due to its
cosmopolitan distribution and its favor to brackish waters in rivers, ponds and lakes.

Figure 11: Densities of Halicyclops sp. during the study period.

In view of all that has been so far mentioned from the present investigation and
the previous concerned studies, it is clear that the dam has affected on occurrence
and constancy of most zooplankton species. This could be due to the reservoirs,
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even with short water retention times, which led to high presence of pelagic
zooplanktons. Also, reservoirs provide a place for drifting pelagic zooplanktons and
to proliferate in sites downstream the dam (Czerniawski & Kowalska-Góralska,
2018).
It was concluded that the changes in hydrological conditions from the current
water in site 1 to limnetic basins in site 2 (the dam reservoir), then back to current
water at sites 3, 4 and 5 downstream dam, had a significant impact on the spatial
composition of the copepod community.
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Abstract: The main cause of death remains infectious diseases, especially in
many countries, due for example to the emergence of large numbers of
microbial strains that are resistant to many drugs and the increase of new
infectious diseases. The previous problem is mostly caused by Gram-negative
bacteria. For example, Acinetobacter baumannii resistance to drug plays a
serious role in the abortive treatment of infectious diseases and cancer. So, to
improve effective treatment in contradiction of A. baumannii, it is vital to know
the origin of bacterial host interfaces, particularly those related to the host's
body's defenses. Altered innate immune cells, for example DCs, NK cells,
monocytes and macrophages have been recognized as primary influences in
protection, in contrast to A. baumannii, between them, neutrophils refer to a
master immune cells that are essential for controlling infection. Several
immunological strategies have been identified to fight A. baumannii for
example acknowledgment of bacteria through immunocyte done design
appreciation receptors, and certainly TLRs, which activate cytokine-containing
germicidal mechanisms, oxidative blast and synthesis of chemicals to increase
the immune response against germs of pathogens.
Keywords: Acinetobacter baumannii, Pathogenicity, Immune response,
Biofilm

Introduction
Acinetobacter baumannii belongs to the family Moraxellaceae, Order
Pseudomonadales, class Gammaproteobacteria, phylum Proteobacteria of the
kingdom Eubacteria (GBIF, 2022). The adequate phylogeny, taxonomy, and
clarification of the nomenclature of the genus Acinetobacter has been disordered
because of the masses of arrangement systems proven via scientists initial on, with
over 40 recognized species within the genus (Abdul, 2018; Cameranesi et al.,
2018). The greatest clinically significant Acinetobacter sp. is A. baumannii, due to
its connotation with hospice acquired-infections. Others include: A. calcoaceticus,
A. grimontii, A. junii, and A. baylyi. A. baumannii is a Gram-negative non-motile,
exactingly aerobic, non-fermentative, coccobacillus, which is notorious for its
capacity to tolerate in a diversity of environmental (Perez et al., 2010).
Received Jan. 1, 2022, accepted Apr. 4, 2022
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Figure 1: Appearance of A. baumannii in microscope and Petri dish (Ehlers et al., 2012).

A. baumannii is considered as one of the greatest demanding pathogens to treat
(Evans et al., 2013). It is one of the universally significant nosocomial pathogens
(Smani et al., 2012). It is the subsequent highest public Gram-negative nosocomial
bacilli next to Pseudomonas species seen in clinical samples (Cerezales et al.,
2018). Antibiotics not only kill the bacteria, but also affect the host's immune
response (Ankomah & Levin, 2014). It’s useful to know in what way the body
immunity is resistant to this bacteria. Description of the cellular and molecular
bases of the response of the body's defenses could afford ways for the improvement
of immunological or substitute therapies, in contrast to A. baumannii (Morais et al.,
2020). This article reviews the limited present concepts regarding the response of
the body's defenses to disease through this disease, so the potential healing goals to
be implemented in coming approaches for controlling A. baumannii infection will
be addressed. This is useful to know by what means body's defenses is resistant to
these microbes (Romero-Calle et al., 2019).
Categorization of the molecular and cellular bases of the protected defense
probably offers apparatuses to advance of immunological or substitutional therapies
against A. baumannii (García-Patiño et al., 2017). In the present article, the recent
information regarding the pathogenesis and immune reaction through this contagion
and debate potential healing goals for their implementation in future strategies for
controlling A. baumannii infection is given.
Factors of Virulence
Several factors of bacterial virulence have been identified. Despite the recent
phenotypic and genomic analyzes of bacteria, moderately limited virulence have
been recognized in A. baumannii, related to those in other G-ve pathogens (Cho &
Blaser, 2012).
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Lipopolysaccharides (LPS) and Capsular Polysaccharides
Away from outer membrane proteins (Omp), the A. baumannii covering is
connected with several factors that donate to pathogenicity. Amongst these,
capsular exopolysaccharides and LPS are A. baumannii pathogenicity influences.
Particularly, numerous isolates from patients with A. baumannii infections definite
surface capsular polysaccharides and contain a preserved gene group, called the K
locus, which may regulate invention of capsular polysaccharides (Murray et al.,
2020). An accidental transposon screening to recognize genes important for
development in an incendiary exudative liquid principal to the proof of identity of
the ptk and epsA genes, which are foretold to be required for capsule
polymerization and assemblage (Nielsen et al., 2021).
Phospholipase Enzyme
Phospholipase is a hydrolysis enzyme necessary for metabolism of phospholipid
and is a virulence factor in several bacteria, for example P. aeruginosa, Legionella
monocytogenes and Clostridium perfringens (Kon et al., 2021). Three important
classes of enzyme, such as phospholipase C (PLC), phospholipase A (PLA) and
phospholipase D (PLD) have been definite established on the cleavage location.
PLA hydrolyzes fatty acids from the glycerol (Nielsen et al., 2021), while PLC
chops the phosphorylated head collection from the phospholipid. PLD is a
transphosphatidylase that only cleaves off the head cluster. Poverty of
phospholipids affects the solidity of cell membranes, and the smitten head group
can affect with cellular indicating, resultant in alterations in the host immune
response (Singh et al., 2019).
Outer Membrane Proteins (OMP)
OmpA, previously Omp38 of outer membrane, is the greatest overflow outer
membrane protein of A. baumannii (Botelho-Nevers et al., 2013), and one of the
supreme well-regarded as factors of virulence. Protein A is greatly preserved,
through 83 of 100 and three medical isolates displaying more than 99%
characteristics of sequence, by furthermost different taking 85% exact likeness of
sequence (Ofek & Doyle, 2012). For instance, OmpA has frequently been
encouraged, such as a primary goal for vaccine development. As cited by Mihu &
Martinez (2011), β barrels at outer membrane, with a hole length of 2 nm are made
by protein A and extension of circular C-terminal periplasmic, accepting molecules
up to 500 Da (Lindblom et al., 2015). In contrast to other key porins, for instance
OmpA of A. baumannii, it is believed that it contributes to the total decrease in
outer membrane penetrability of A. baumannii (Wang et al., 2017). Up to the
present time, only domain of the periplasmic of C-terminal has been crystalized
(1.6 Å) and through Asp271 and Arg286 binding to diaminopimelate often,
revealed to directly interact with peptidoglycan (Kröger et al., 2017). This
interaction is assumed to stimulate the OMPs packing into vesicles (OMVs) of
outer membrane. However, this has until now selected established, also might
remain only as a result of changed tissue homeostasis in mutant of an outer

147

Abdul et al.

membrane A (Morris et al., 2019). OMPA, especially intense addicted to Omvs
through regular growing and in vivo diseases (Zgurskaya et al., 2015). Protein A
interaction on the surface cell of microbes or OMVs through cells of eukaryotic
prompts cytotoxicity, done adhesion, then binding toward death receptors of
eukaryotic cell surface (Park et al., 2012). Besides, OmpA are cytotoxic
characteristic moderate’s series of added traits of virulence (Yu et al., 2018).
An increase in information of new OMPs donating for pathogenesis of A.
baumannii have seen at recent years. Omp34 (also named Omp34-36) is greatly
preserved in A. baumannii (Lindblom et al., 2015). Omp34 is like to OmpA,
prompts apoptosis in cells of eukaryotic over and done with caspase-dependent
technic and autophagy suppression, encouraging persistence to bacteria in the autophagosome (Hannan et al., 2012).

Figure 2: Acinetobacter cell virulence factors, consisting of outer membrane; OmpA,
schemes type, phospholipase D (PLD), iron attainment systems (Acinetobactin
and FecA) and internal membrane, GacA/GacS and outer factors, such as lipid
oligosaccharide, capsular polysaccharide and outer membrane vesicles (Morris et
al., 2019).

Biofilm Formation
Injury associated with biofilms over a specific location long before separation
(Schwechheimer & Kuehn, 2015). The separate biofilms then cause infection via
the urinary system or the bloodstream, as well as a lack of blood flow (Doran et al.,
2016; Abdul et al., 2019). On the contrary, biofilms have the ability to resist harsh
environmental conditions and immune systems as well as anti-bacterial agents than
planktonic bacteria. Therefore, the removal and destruction of biological
membranes is a serious challenge (Lin et al., 2020), causing in biofilms producing a
extensive variety of sub-acute or chronic infections which are actual stimulating to
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eradicate (Chiang et al., 2018). A. baumannii has been selected as a “red-alert”
human pathogen because of its capacity to purchase confrontation to all presently
accessible antimicrobial causes (Lee et al., 2017). However, A.
baumannii infections are attractive increasingly significant in medical repetition
and are a universal health concern, moderately little is famous about the factors
prompting its pathogenesis. Sections of indication explicated external membrane
protein A (OmpA), phospholipids and extracellular polysaccharides (Abdul et al.,
2019).
Such a relationship may describe the capability of A. baumannii to disseminate
and persevere with human host plus medical environments even in the existence of
antibiotics in a wide range (Hall & Hall, 2020). Abdi-Ali et al. (2014) established
that loss of lipopolysaccharide (LPS) takes significant result on traits of multiple
virulence; include production of slime layers via A. baumannii.

A
B
Figure 3: A. baumannii biofilm in scanning electron micrograph images. (A), strong
biofilm development; (B), moderate biofilm formation (Yang et al., 2019).

Antibiotic Resistance
The speedy appearance of multiple, drug-resistant strains of Acinetobacter
highpoints the organism's capacity to adapt rapidly to careful alterations in
environmental stresses. The regulation of the organism's inherent resistance
mechanisms along with the attainment of external elements joked a critical part in
the organism's quick path to attractive a multidrug-resistant pathogen (Ellington et
al., 2017).
This possibility of 'switching' their genomic makeup is due in part to the rapidity
with which Acinetobacter acquires resistance factors when below the influence of
antimicrobials, possibly in high-danger environments, such as in hospital intensive
care units (Hassan et al., 2014), where broad-spectrum antibiotics are used
indiscriminately. The analyses showed similarity in the genetic sequence that most
of the resistance genes are located in the Acinetobacter AYE strain that was
recently obtained from the bacteria Escherichia (Axente et al., 2017).
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A. baumannii resistance to antibiotics managers are by means of via wholly of
main appliances of drug resistance recognized to happen in bacteria counting active
efflux, enzyme disabled, goal place modification, and reduced medicine inflow. In
addition, a monovalent cation mostly establishes in our skin, NaCl has newly been
related with heightened A. baumannii multidrug resistance (Draughn et al., 2018).
As stated by Chang et al. (2018), A. baumannii can adjust its opposition to drugs
by detecting NaCl with surroundings. A. baumannii is fewer sensitive to
antibacterial means in species of Enterobacteriaceae (Bulens et al., 2018).
The antimicrob reluctance properties of A. baumannii are partial attributable to
the reduced penetrability of OMP. Omp A is most traditional A. baumannii
proteins. The possibility of Ag can motivate multiple reaction of the adaptive
immune response (Chang & Lin, 2011). A. baumannii-MDR is established
worldwide, and do not typical description of A. baumannii. In addition, most
reports define A. baumannii-MDR as strong to at least three for the subsequent five
antibiotics: carbapenems, ampicillin/sulbactam, cephalosporins, amino-glycosides
and fluoroquinlone (Katchanov et al., 2018).
Likewise to MDR, PDR are definite in several means, most proper description of
A. baumannii-PDR is a bacterium hardy to wholly line antibiotics that have healing
possibility transversely A. baumannii (Hood et al., 2010). In the same way as MDR,
PDR has been defined through a variety of methods. The most appropriate
description is that A. baumannii-PDR is a kind of resistance to all first-line
antimicrobial agents with cross-sectional therapeutic for pathogenic organisms such
as A. baumannii (Hood et al., 2010).

Figure 4: A. baumannii resistance mechanism including beta-lactams, aminoglycosides,
quinolones and colistin, AME (aminoglycoside modifying enzyme), LPS, PBP
(penicillin-binding protein) and OMP (Yan et al., 2017).
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Immune Responses
Innate (Neutrophils and Macrophages) Immune Response
The status of neutrophils in response to A. baumannii is observed for the first
time in relation to the improved occurrence of this pathogen in patients with
neutropenia. Though, it took another ten years for some scholars to prove its
prominence in fighting respiratory infections caused by Acinetobacter (Kabbaj et
al., 2013). Immune cells act as antimicrobial agents that defend the body (Agoba et
al., 2018). Phagocytosis is facilitated via TLR stimulation, IgG obliteration, or cell
mediated response (CMR) necessary (Ghajavand et al., 2015). Once phagocytosed,
quick killing relies on reactive oxygen species ROS and granular fusion, which
leads to the release of a huge number of antibacterial molecules, defenses into
phagocytosis (Pieterse et al., 2016). However, neutrophils ability on destroying A.
baumannii is controversial, as certain laboratory studies have demonstrated that
their co-culture does not affect the capability of either (Underhill & Goodridge,
2012). Alternatively, A. baumannii specially adheres to neutrophils, in a manner
dependent on IL-8, enhancing their proliferation (Dakal et al., 2016), but some are
demonstrated in vitro phagocytosis destroy A. baumannii, an outcome constant in
vivo readings (Yin & Heit, 2018). The reason for such discrepancies in reporting is
mostly led to trial facts. Simply, one strain of A. baumannii, ATCC 19606, was
tested for one hour after infection, A. baumanii and A. pitii, above a period, assure
the significance of compound strains exam.
Networks are a significant mechanism through which neutrophils controller
pathogens, whereas their creation in reaction to A. baumannii is also provocative
(Konig & Andrade, 2016; Yin & Heit, 2018). The networks are a network of
chromatin, saturated with peptides and antimicrobial proteins, including neutrophil
elastase, myeloperoxidase, then LL-37 correspondingly (Dakal et al., 2016).
Bacterial infection control networks have been connected, but A. baumannii is
described to impede its development (Kamoshida et al., 2015). This inhibition
mechanism has not been completely clarified and established in vivo, although
neutrophil cell wall receptors CD11b and CD11a have been concerned in
experiential summary bond of A. baumannii to neutrophils (Lindblom et al., 2015).
That cytokines like IL-8 (TNF-α) need stimulating plus chemically attractive
belongings on neutrophils, it is noteworthy are TNF-α triggers attention-reliant on
belongings, counting cytokine announcement and MAP kinase stimulation,
apoptosis (Kamoshida et al., 2016). Additional host elements like Wip1, neutrophil
phosphatase and serum amyloid A and P container control neutrophil passage and
pro-inflammatory emission (Sun et al., 2016). Character of macrophages in A.
baumannii contagion is similarly important. As for its reduction in zebra fish
(Danio rerio(, there is no significant result. In mouse replicas, macrophage give
generously decreases pro-inflammatory cytokines plus rises bacterial loads when
tried in combination with supplementation (Kamoshida et al., 2016). Tongue and
roof of mouth macrophages form major line of protection in contrast to A.
baumannii in the lungs, plus they have the ability to dependent phagocytosis by
microfilaments and microtubules of bacteria, and to stimulate great plains of
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interleukins-6, TNF-α, and the inflammatory protein macrophage-2. This is a strong
chemical attraction to neutrophils, in added interleukins-1β and interleukins-10
produced at later period opinions (Okshevsky & Meyer, 2015). They can
phagocytize microbes now in place of slight as 10 minutes (Thorley et al., 2007;
Okshevsky & Meyer, 2015).

Figure 5: Interaction between A. baumannii and the host.
1- Attachment of the bacteria to the host cells causing inflammatory response. 2Initiation immune response by TLR4 recognition of LPS. 3- Pro-inﬂammatory
mediators including IL-6 and TNF-a as well as chemokines KC/IL-8 and MIP-2.
4- Chemokines activate granulocytes and lymphocytes. 5- A. baumannii infection
causes the host cells to apoptosis. 6- ROS/RNS production and antimicrobial
peptides. 7- Other virulence factors contributed in A. baumannii pathogenesis.
(Mortensen & Skaar, 2012).

Role of Other Immune Cells against A. baumannii Infection
Natural killer cells (NKs) are significant protection device versus
microorganism’s infections both outside and inside cells. However, its function on
A. baumannii infection is still not fully defined (Thorley et al., 2007).
NKs are one of the types of immune cells that operate in the soon defense
rejoinder period versus A. baumannii expending for the natural killer in the
pneumonia classic intervene in the removal of the bacteria. The instrument by
which NKs participate to control A. baumannii pneumonia indirectly depends on
formation for chemical attractant KC that volunteers neutrophils to place of
contagion (Azcutia et al., 2018). DCs were single Ag-PCs connecting the immune
system. A. baumannii outer membrane A triggers DCs by their dependence, which
induces development, NF-B signaling, led to either CD4 + T-helper1, TC rejoinders
or initial programmed cell death (Lindblom et al., 2015). By targeting mitochondria
and producing dendritic cell (DC), reactive oxygen species (ROS) is dying off, in
line with the device of deed of OmpAs, suggesting which A. baumannii might
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justice the TC rejoinder across the cell kind (Qiu et al., 2012). Mast cells are
guardians of the mucous layers, sensing and responding to invading pathogens. It
has been demonstrated that pulmonary mast cells conceal interleukin-8 tumor
necrosis factor-α in reaction to bacteria, which enhances neutrophil employing in
situ (Wong et al., 2017).
Complement-Mediated Killing
Supplemental arbitrated killing is essential innate non-cellular invulnerable
ingredient, containing of a group of solvable agents that act in stream chain that
promotes either bacterial cell lysis or increased phagocytosis. There are three ways
at statement of accompaniment issues on cell wall, though an alternate
complementary pathway in human serum is required to kill A. baumannii (Gupta et
al., 2018). Confrontation is repeatedly told in medical isolates of bacteria plus in
vitro blood confrontation, probably related to additional intense illness (GarcíaPatiño et al., 2017).
The alternative complementary way is controlled by agent H, solvable element
of importance for recognizing steward bacteria symbols (Lee et al., 2007).
Substitutional action complementary passage induces C3 entrusting on inner of
blood-susceptible bacteria, although there are variations on issue H binding to
bacteria and later reserve C3 statement, which increases serum resistance in A.
baumannii. Previously, reports indicated that element H was binding with the
bacteria OMPs, enhancing blood opposition (Arora et al., 2019), while some reports
the identification of factor H bound in their blood opposition isolates (Blaum et al.,
2015) has not been reached, and this indicates that acquisition of factor H is not the
only culprit.
In addition, it has also been demonstrated that A. baumannii, cip A plasminogenbinding protein degrades fibrin networks and inhibits the alternative
complementary pathway through C3b cleavage, by mechanisms that have not yet
been fully addressed (Miętka et al., 2016). In line function of cip A in
complementary confrontation, alterations of cip A removal is high likely killed by
human blood (Viehman et al., 2014).
Genes convoluted in the bacteria cover homeostasis are too involved in blood
impedance, such as inactivation of TCS bfmS, that controls capsule plus tablet bio
formation, pointers to blood impedance (Cserhalmi et al., 2019; Sandholm, 2019).
Soluble Excrete Factors
The inflammatory immune fluids are produced in reply to A. baumannii mainly
by NF-B action, whereas all immune fluids drives various stimulators such as
activation of caspase 1, 11 results in discharge of interleukin-1β, 18 of the affected
pulmonary tract epithelium, thus causing skin injury (Li et al., 2016). However, IL7 increases agranulogenesis and stimulates discharge of interleukin-8, inducing the
drugs peptide LL-37 (Koenigs et al., 2015). Through discharge of interleukin-8,
TNF-α, is employed plus motivated but, interleukin-33 suppresses IL-8 emission,
besides, recognized to aid neutrophil trek and motivation (Geisinger et al., 2019).
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Epithelialization, neutrophils besides discharge a host for drugs, counting human
β- preservation two plus three, cathlicidin LL-37 and CD14 to enhance toll like R-4
actions by myeloid distinction agent two tie (Lindblom et al., 2015). That it is
unlikely (Tejera-Alhambra et al., 2016). Notably, merely lower oesophageal
sphincter LOS-lacking A. baumannii showed hypersensitivity of antibiotics LL-37,
although aim is careful LOS (Navegantes et al., 2017; Arora et al., 2019).
Adaptive Immune Response (AIR)
Humoral immunity has been extensively traveled in an effort to scheme an
active and harmless inoculation, although there is little information regarding the
influence of bacteria of adaptive immune response to controlling plus resolving A.
baumannii infection. A group of microbial antigens (Ags) are planned like
applicants for inoculation improvement (Kobayashi, 2008; Bertheloot & Latz,
2017). Now, OmpA stands out like one of top species, due to their great immunity
in men (Kobayashi, 2008; Kumar et al., 2018), in addition to their widespread
prevalence like harmful agent amid numerous various strains of A. baumanii
(Kobayashi, 2008). Anti-specific induction of A. baumaii antibodies (Abs) through
contagion is told, demonstrating that OmpA are main Ag capable of improving the
response of the humeral Ab. By a diabetics mice, which had beforehand been
exposed is disposed host of A. baumannii contagion (Powers & Trent, 2018). In
addition, it has been established that this one of apparatuses by that averse-OmpA
drugs uses defense is through microbial shadowing, results macrophage-arbitrated
over-phagocytosis. A similar study to indicate this defense granted was selfdetermining of supplement stimulation (Kobayashi, 2008). Vaccination in reunified
OmpA no unique consequences in manufacture of particular IgG1 Abs plus
stimulation to spleen cells producing IfN, IL-4 and IL-17 in Ag-particular mode.
However, besides with Ag amount dependent, results about vaccination generate
different forms of cytokines. As a result, with little quantities (3 micrograms) of the
Ag, the IFN/ IL-4 outline was touched, but vaccination in greater quantities of
reunified OmpA (100 micrograms) leads to the IL-4 shape, which is properties of
Th2 reactions (Bertheloot & Latz, 2017).
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Figure 6: Acinetobacter and immune responses through toll-like receptor (TLR) pathways
signalling (Yang et al., 2019).
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Abstract: The levels of seven heavy metals (Cd, Co, Cu, Fe, Ni, Pb and Zn)
were determined in the sediment samples from different water bodies southern
Iraq. Distribution of these heavy metals in sediment showed variations in
concentration with sampling site, it was undetectable for Cd and Pb for all
sites, while the highest concentration was 2.207 µg/g for Ni in the upper and
the middle part of Shatt Al-Arab River. Co, Cu, Fe, Ni and Zn ranged from
0.083, 0.402, 1.829, 0.214 and 0.307 µg/g, respectively in Al-Chibayish Marsh
to 0.486, 0.863, 2.186, 2.207 and 1.343 µg/g, respectively in the middle part of
Shatt Al-Arab River. The geoaccumulation Index (Igeo) was calculated for the
metals in the sediment of this study and for all other findings since 2001, to
evaluate the levels of sediment pollution with heavy metals. The values of Igeo
indicated that the sediment of southern Iraq were mostly unpolluted with heavy
metals, except for Cd which was the polluting element in almost all of the
previous studies.
Keywords: Heavy metals, Igeo, Marsh, Sediment, Shatt Al-Arab River,
Southern Iraq

Introduction
All environments, such as freshwater or marine ecosystem, have a low
concentration of most of the heavy metals that naturally occurred in the Earth’s
crust or come from dust storms (Jassim et al., 2021) in addition to those come from
different sources of pollution in the area (Issa et al., 2020). Sediment act as a sink
for heavy metals that makes it a possible source for water pollution in case of any
changes in environmental conditions (Al-Hejuje, 2014; Al-Edresy et al., 2019; Cui
et al., 2019).
Heavy metals occur in the aquatic environment either in water, suspended load,
or in deposited sediment. However, measuring their concentrations in water for a
short period does not give accurate results on the extent of pollution due to
heterogeneity in water discharges, as well as the irregularity of topical releases of
these pollutants. So, there were a focus on the sediment as it act as a recipient of all
kinds of pollutants and organic matter that fall from the water column above,
because they reflect more stable indicators about the degree of heavy element
pollution of water environment (Al-Sayegh & Taka, 2002). Sediment is also a good
Received Jan. 10, 2022, accepted Apr. 6, 2022
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indicator for pollution due to its ability of archiving many types of pollutants in the
aquatic ecosystem (Adam et al., 2007; Azeez & Mahdi, 2019).
Trace elements, especially the heavy ones, are not soluble for long periods of
time in water as they appear in the form of suspended or stabilized particles by
plankton. The heavy metals are easy to be attracted and captured by clay minerals,
organic compounds, iron or manganese hydroxides and other metals or carbonates
(Njinga et al., 2011). They accumulate on surface sediment or adsorb by aquatic
organisms (Ali et al., 2019; Yousif et al., 2021). Therefore, their concentration in
surface sediment or in plants is evidence of water pollution with these elements.
So, the percentage of pollutants and concentrations of minerals rises in the
sediment more than in water (Qzar, 2009). Thus, sediment act as a potential source
of pollution in aquatic environment and used to record the history of pollution
(Hassan et al., 2008).
In recent years, the rapid growth of population is associated with the expansion
of industrial sector, which raises the heavy metals concentration in the
environment. Many studies have been conducted to assess heavy element pollution
in water bodies south of Iraq. Qazar et al. (2019) reviewed most of them in the
water for both particulate and dissolved phase from 1985 till 2016. Many
researchers have studied heavy metals concentration in sediment of Southern Iraq
since 1985 such as Abaychi & DouAbul (1985), Al-Khafaji (2001) and Awad et al.
(2004) who didn’t find any serious pollution in Shatt Al-Arab River sediment. On
the other hand, Hassan (2007) and Al-Hechamai (2012) found that the sediment
were strongly polluted with cadmium for the same river.
This study aims to determine the geochemical distribution of the trace elements
in sediment south of Iraq and the levels of pollution with heavy metals from 1985
to 2019, providing a comprehensive view of the pollution with heavy metals.
Materials and Methods
Sixteen sediment samples were collected in early spring 2019 from four areas
south of Iraq including upper and middle part of Shatt Al-Arab River, Al-Hammar
and Al-Chibaysh marshes (Table 1, Fig. 1). Sediment samples were dried out,
finely ground, sieved with a pore size of 63µm, digested according to R.O.P.M.E.
(1987) and analyzed using flame atomic absorption spectrophotometer type
Phoenix 986 (UK).
Most of researches in the field of heavy element pollution in sediment of the
southern region of Iraq were reviewed, a sole value for each trace elements in each
individual study was obtained by calculating the mean annual value for each
element in the concerned study. These studies were classified in three groups
according to their location; Shatt Al-Arab River group, which includes all the
studies conducted about this river from its beginning until the estuary and the
nearby region of the Arabian Gulf. Second group is the southern marshes group,
which includes three major marshes; Al-Hammar, Al-Chibayish and Al-Hawizah.
Third group includes many different water bodies in Basrah and Thi-Qar provinces.
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Table 1: Locations of studied stations.
Station
Upper part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Al-Hammar Marsh
Al-Chibayish Marsh

North
31˚00’02’’
30˚48’25’’
30˚33’31’’
30˚30’13’’
30˚40’04’’
30˚36’39’’
30˚59’05’’
30˚58’59’’

East
47˚27’22’’
47˚34’49’’
47˚47’58’’
47˚51’30’’
47˚38’34’’
47˚40’13’’
47˚07’10’’
47˚02’08’’

Figure 1: Map of Southern Iraq.

Data Processing
Concentration of Elements
Seven heavy metals were considered: Cd, Co, Cu, Fe, Ni, Pb and Zn. The
average value of each trace element concentration in the reviewed studies was
calculated individually, from 1985 till the recent study in 2019, to compare their
spatial and temporal distribution, concentration and pollution levels. All the data
were analyzed (one-way ANOVA) using Minitab 16.1 software to identify the
existence of spatial and temporal significant differences with 5% as a significance
degree.
Geoaccumulation Index (Igeo)
Igeo, which was first introduced by Müller (1969), was used to show the level of
pollution of the sediment by Cd, Cu, Fe, Ni, Pb and Zn. This index identifies a
single metal pollutant or the co-pollutant of multiple metals in urban areas by
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comparing the metal concentration in the sediment with its permissible limits. The
geochemical background concentration of that metals was based on CBSQG
(2003).
Igeo = log2 [Cn/ 1.5 Bn]
Where:
Cn: The measured concentration of the analyzed metal in the samples.
Bn: The geochemical background concentration of the metal.
1.5: The factor used because of possible variations in background values due to
lithological variability.
The calculated value will be compared with Table 2 to identify the pollution level.
Table 2: Categories of Igeo classes.
Igeo value
Igeo ≤ 0
0 ≤ Igeo ≤ 1
1 ≤ Igeo ≤ 2
2 ≤ Igeo ≤ 3
3 ≤ Igeo ≤ 4
4 ≤ Igeo ≤ 5
5 ≤ Igeo

Description
Unpolluted (unP)
Unpolluted- moderately polluted (unP-M)
Moderately polluted (M)
Moderate- strongly polluted (M-S-P)
Strongly polluted (S-P)
Strongly- extremely polluted (S-E-P)
Extremely polluted (E-P)

Results and Discussion
Heavy metals Concentration
Concentrations of all studied heavy metals were low or not detected. They were
also much lower than what was recorded during all the past years attributed to the
heavy rains in winter and early spring 2019, which leads to a great dilution of
pollutants in water. Pb and Cd were undetected, while Fe was significantly lower
than its concentration in the previous studies, it was more than 2000 times lower as
recorded in some studies (Table 3).
Table 3: Heavy metals concentration (µg/g dry weight) in sediment of some areas in south of Iraq
2019.
Location
Cd
Co
Cu
Fe
Ni
Pb
Zn
Upper part of Shatt Al-Arab River

ND

0.391

0.707

2.011

2.207

ND

1.017

Middle part of Shatt Al-Arab River

ND

0.486

0.863

2.186

2.207

ND

1.343

Al-Hammar Marsh

ND

0.385

0.724

1.877

1.931

ND

0.963

Al-Chibayish Marsh
ND= Not detected.

ND

0.083

0.402

1.829

0.214

ND

0.307

For the southern Iraqi region, heavy element concentration varied throughout the
years (Tables 4, 5 & 6). This variability resulting from different probabilities, such
as change in natural phenomena like weathering and erosion or washing to
groundwater in addition to change in non-natural additives such as human factors
(Hassan et al., 2008).
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Temporally, there were significant changes in the studies dealing with metals
concentration in Shatt Al-Arab River through the time except for Ni and Pb. Cd
reached a high dangerous level according to Al-Shamary et al. (2015), while Co
was significantly higher in 2008 according to Mahmood (2008). The current study
shows the presence of a significant lower concentration of Co. Fe concentration
was high in almost all studies, although it was significantly high in Al-Muddafar et
al. (1992) and Al-Timari et al. (2001). Spatially, there were no significant
differences for all the studied metals along Shatt Al-Arab River (Table 4).
Table 4: Spatiotemporal variations of some heavy metals concentration (µg/g dry weight) in
sediment of Shatt Al-Arab River and Arabian Gulf from 1985-2019.
Location

Shatt
River

Al-Arab

Upper part of Shatt
Al-Arab River

Middle
Shatt
River

part of
Al-Arab

Lower part of Shatt
Al-Arab River
Shatt
Estuary

Al-Arab

Cd

Co

Cu

Fe

Ni

Pb

Zn

0.03

17.4

39.6

6205

57.2

19

25.8

-

-

6.51

-

12.23

1.58

-

Reference
Abaychi
&
Al-Saad
(1988)
Daigham (1989)

0.05

-

30

31800

421

61.5

135

Al-Muddafar et al. (1992)

-

64.988

-

15009.35

92.695

-

-

Al-Hejuje (1999)

0.22

10.68

21.66

-

526.8

16.3

34.7

Al-Khafaji (2005)

24.52

-

36.61

14443.29

-

263.47

149.28

Hassan (2007)

-

-

26.69

1911.03

-

83.78

75.56

Alshmery (2013)

7.46

255.97

24.4

7500.33

201.09

46.53

89.66

Mahmood (2008)

15.5

-

-

-

-

42.83

-

79.6

-

-

-

-

-

111.3

0.175

17

33.9

6801

655

34.4

63

0.03

-

39

-

-

19.3

24.8

0.2

-

-

6731

-

16.1

62.8

Al-Shamary et al. (2015)
Abaychi & DouAbul
(1985)
Abaychi
&
Mustafa
(1988)
Al-Khafaji (2001)

0.57

-

53.21

-

352.25

70.35

68.86

Atte (2004)

5.58

-

-

-

39.44

15.35

21.12

Awad et al. (2004)

6.39

86.155

4.3

4119.55

-

16.6

235.4

Al-Saffie (2005)

6.99

261.78

23.66

7225.4

150.22

178.77

198.87

Mahmood (2008)

-

-

52.4

-

-

117.56

-

8.12

-

-

8317.19

-

69.3

74.1

20.62

-

-

-

-

53.4

-

13.08

-

44.11

20485.79

234.64

104.97

106.21

Al-Hejuje (2014)

37.72

-

-

-

-

-

66.96

Al-Shamary et al. (2015)

6.53

236.2

20.44

6441.55

141.74

48.53

138.11

Mahmood (2008)

25.88

-

-

-

-

68.97

-

0.12

-

15.9

2494.95

252.9

9.05

10.1

0.27

16.98

29.24

5210.5

104.2

17.74

31.99

Al-Hechamai (2012)

Haneff (2009)
Al-Milky (2011)
Al-Hechamai (2012)

Al-Hechamai (2012)
Al-Saad & Al-Khafaji
(1996)
Al-Khafaji (1996)
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33.75

-

-

723.25

158.9

20.42

42.1

Al-Khafaji (1997)

8.67

277.09

19.18

4579.71

116.86

44.43

128.99

Mahmood (2008)

9.58

10.72

18.16

2924.8

48.2

30

34.36

5

-

31.73

88.15

344.33

21.73

79.67

32506.7

81.97

23.7

96.52

Al-Shamsi et al. (2016)
Al-Imarah & Al-Timari
(1996)
Al-Timari et al. (2001)

2.011

2.207

ND

1.017

The present study

2.186

2.207

ND

1.343

The present study

0.6
Upper part of Shatt
ND
0.391 0.707
Al-Arab River
Middle part of
Shatt
Al-Arab
ND
0.486 0.863
River
ND= Not detected, -= No data.

There were no significant changes along time for all the studied elements in
marshlands except Co. Spatially, the changes between the three marshes were
insignificant for all the metals (Table 5).
Table 5: Spatiotemporal variations of some heavy metals concentration (µg/g dry weight) in
sediment of southern marshes 1995-2019.
Location

Cd
Co
88
Al-Hawizah Marsh
11.01 350.7
58
62
Al-Chibayish Marsh
2.32
3.5
50
0.56
6.92 228.09
125
Al-Hammar Marsh
0.37
3.62
223.3
18.66
Al-Hammar Marsh
ND
0.385
Al-Chibayish Marsh
ND
0.083
ND= Not detected, -= No data.

Cu
397
31.53
13.1
2.25
2.75
35.5
36.8
19.73
527
16.13
19.8
14.7
34.81
0.724
0.402

Fe
12011
316.5
61960
7051.63
36541
1.877
1.829

Ni
182.29
118.14
81.25
184.5
40
137.41
122.64
122.76
167
1.931
0.214

Pb
1244
55.37
31.1
5.1
6.75
21
46.95
2233
3.29
41.65
67.94
11.06
ND
ND

Zn
330
97.23
120
109.47
127
93
106
101.63
241
26.7
420.5
76
0.963
0.307

Reference
Awad et al. (2008)
Mahmood (2008)
Al-Baidany (2013)
Talal (2013)
Al-Khafaji (2015)
Al-Khafaji et al. (2015)
Abaychi (1995)
Al-Imarah et al. (1997)
Mahmood (2008)
Awad et al. (2008)
Qzar (2009)
Al-Yaseri (2011)
Talal (2013)
Al-Gburi et al. (2017)
The present study
The present study

Temporally, Cu, Pb and Zn were significantly higher in Basrah canals during
1997 according to Al-Hejuje. Spatially, Al-Jubayla Creek had higher levels of Fe,
while Basrah canals had higher levels of Zn and Pb (Table 6).
It is well known that the concentration of pollutants including heavy metals in
the rivers increases downstream due to the increase in the civil activities and
variability in sediment discharges as a result of heterogeneity in basin geology, and
the variation in screening during sediment transport (Al-Sayegh & Taka, 2002).

Long term monitoring of heavy metal pollutants in sediment of Southern Iraq

168

Shatt Al-Arab River represents the downstream of Tigris and Euphrates with all its
pollutants. So, it is expected to have a high concentration of metals.
Abaychi & DouAbul (1985) explained the increased concentration of heavy
metals of downstream due to the deposition of heavier particles along the river,
leaving the lighter particles to the end, represented by the phytoplankton that
accumulate trace elements in their body six times more than the surrounding
environment.
The Geoaccumulation Index (Igeo)
Igeo results of the recent study showed a healthy situation of the studied areas
(Table 7) this might be due to the heavy rains during winter 2019 at this region.
While most of the former studies demonstrate a dangerous level of Cd and Ni
pollution in Shatt Al-Arab River, marshlands, and different water bodies in Basrah
and Nassiriyah cities (Tables 8, 9 & 10). It was unpolluted with Cu, Fe and Zn for
Shatt Al-Arab River (Table 8). Meanwhile Al-Hammar Marsh, Al-Hawiza Marsh
2008 (Table 9) and Al-Garaf River 2001 (Table 10) recorded Cu pollution. One can
say also that there was no Fe pollution southern Iraq in most studies despite its high
levels and the presence of wrecked ships along Shatt Al-Arab River since the
1980's of the last century. In terms of the current study and most of the reviewed
studies, sediment were unpolluted with Pb and Zn in almost all the reviewed
studies (Tables 7, 8 & 9). This is in agreement with Issa et al. (2020), who
indicated unpolluted to moderate polluted Tigris River sediment.
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Table 6: Spatiotemporal variations of some heavy metals concentration (µg/g dry weight) in sediment of some locations in Basrah and
Nassiriyah provinces 1991-2016.
Location

Cd
1.7
0.87
0.3
5.87
0.19
24.807
12.22
0.26
43.38
1.07
5.92
1.26
40.78
3.76

Al-Garaf River, Nassiriyah City
Euphrates at Nassiriyah City
Shatt Al-Basrah Canal
Upper part of Shatt Al-Basrah Canal
North Basrah
Khor Al-Zubair
Basrah Canals
Al Jubayla Creek
Um-Khaser
Al-Masab Alamm
-= No data.

Co
21.9
10.93
-

Cu
15.94
26
30.4
17.75
31.7
13.11
29.025
9.785
28
41.21
12.8
67.86
20.36
31.52
25.9

Fe
2034
2237.58
72
806.3
8684.75
-

Ni
56.72
67.5
46.26
171.5
84.682
10.306
90
139.871
150.036
-

Pb
24.4
11.17
24.4
8.86
21.58
18.075
29
47.76
26.82
132.59
22.68
33.52
24.73

Zn
89.06
24.05
23.65
66.2
13.1
72
31.27
290.44
55.97
-

Reference
Fahad (2006)
Al-Khazali (2012)
Al-Khafaji et al. (2011)
Al-Awady et al. (2015)
Isa & Qanbar (2016)
Al-Saa’don (2002)
Aziz et al. (2006)
Raaheem (2009)
Al-Edanee et al. (1991)
Al-Saa’don (2002)
Sultan et al. (2013)
Al-Hejuje (1997)
Al-Khafaji (2000)
Al-Saa’don (2002)
Al-Khafaji et al. (2012)

Table 7: Igeo results for heavy metals in sediment of some areas south of Iraq 2019.
Location

Cd

Desc.

Cu value

Desc.

Fe

Desc.

Ni

Desc.

Pb

Desc.

Zn

Desc.

Upper part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Al-Hammar Marsh
Al-Chibaysh Marsh

ND
ND
ND
ND

unP
unP
unP
unP

-6.08
-5.80
-6.05
-6.90

unP
unP
unP
unP

-13.87
-13.74
-13.96
-14.00

unP
unP
unP
unP

-3.96
-3.64
-4.15
-7.36

unP
unP
unP
unP

ND
ND
ND
ND

unP
unP
unP
unP

-7.46
-7.07
-7.55
-9.18

unP
unP
unP
unP

ND= Not detected, Desc.= Description. See table 2 for other abbreviations.
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Table 8: Igeo results for heavy metals in sediment of Shatt Al-Arab River and Arabian Gulf from 1985-2019.
Location
Shatt Al-Arab River
Shatt Al-Arab River
Shatt Al-Arab River
Shatt Al-Arab River
Shatt Al-Arab River
Shatt Al-Arab River
Shatt Al-Arab River
Upper part of Shatt Al-Arab River
Upper part of Shatt Al-Arab River
Upper part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Middle part of Shatt Al-Arab River
Lower part of Shatt Al-Arab River
Lower part of Shatt Al-Arab River
Shatt Al-Arab Estuary
Shatt Al-Arab Estuary
Shatt Al-Arab Estuary
Shatt Al-Arab Estuary

Reference
Abaychi & Al-Saad (1988)
Daigham (1989)
Al-Muddafar et al. (1992)
Al-Hejuje (1999)
Al-Khafaji (2005)
Hassan (2007)
Alshmery (2013)
Mahmood (2008)
Al-Hechamai (2012)
Al-Shamary et al. (2015)
Abaychi & DouAbul (1985)
Abaychi & Mustafa (1988)
Al-Khafaji (2001)
Atte (2004)
Awad et al. (2004)
Al-Saffie (2005)
Mahmood (2008)
Haneff (2009)
Al-Milki (2011)
Al-Hechamai (2012)
Al-Hejuje (2014)
Al-Shamary et al. (2015)
Mahmood (2008)
Al-Hechamai (2012)
Al-Khafaji (1996)
Al-Khafaji (1997)
Al-Saad & Al-Khafaji (1996)
Mahmood (2008)

Cd
-5.63
-4.89
-2.75
4.05
2.33
3.38
5.74
-2.89
-5.63
-2.89
-1.38
1.91
2.11
2.23
2.45
3.80
3.14
2.14
4.12
-2.46
4.51
-3.63
2.55

Desc.
unP
unP
unP
S-P
M-S-P
S-P
E-P
unP
unP
unP
unP
M-P
M-S-P
M-S-P
M-S-P
S-P
S-P
M-S-P
S-E-P
unP
S-E-P
unP
M-S-P

Cu
-0.28
-2.88
-0.68
-1.15
-0.39
-0.85
-0.98
-0.50
-0.30
0.15
-3.48
-1.02
0.13
-0.12
-1.23
-0.72
-1.59
-1.32

Desc.
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP-M
unP
unP
unP-M
unP
unP
unP
unP
unP

Fe
-2.27
0.08
-1.00
-1.05
-3.97
-2.00
-2.14
-2.16
-2.86
-2.05
-1.85
-0.55
-2.22
-2.53
-5.37
-3.59
-2.71

Desc.
unP
unP-M
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP

Ni
0.73
-1.50
3.61
1.43
3.93
2.54
4.25
3.35
0.19
2.12
2.77
2.04
1.59
2.20
2.87
1.76

Desc.
unP-M
unP
S-P
M-P
S-P
M-S-P
S-E-P
S-P
unP-M
M-S-P
M-S-P
M-S-P
M-P
M-S-P
M-S-P
M-P

Pb
-1.51
-5.09
0.19
-1.73
2.29
0.63
-0.21
-0.33
-0.65
-1.48
-1.75
0.38
-1.81
-1.70
1.73
1.12
0.36
-0.02
0.96
-0.15
0.35
-1.61
-1.40
-2.58
-0.28

Desc.
unP
unP
unP-M
unP
M-S-P
unP-M
unP
unP
unP
unP
unP
M-unP
unP
unP
M-P
M-P
unP-M
unP
unP-M
unP
unP-M
unP
unP
unP
unP

Zn
-2.80
-0.42
-2.37
-0.27
-1.25
-1.01
-0.69
-1.51
-2.86
-1.52
-1.39
-3.09
0.39
0.14
-1.28
-0.76
-1.43
-0.38
-2.49
-2.10
-4.16
-0.48

Desc.
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP
unP-M
unP-M
unP
unP
unP
unP
unP
unP
unP
unP
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Shatt Al-Arab Estuary
Al-Shamsi et al. (2016)
2.69 M-S-P -1.40
Arabian Gulf
Al-Imarah & Al-Timari (1996) 1.75
M-P
-0.60
Arabian Gulf
Al-Timari et al. (2001)
-1.31
unP
Upper part of Shatt Al-Arab River The present study
ND
unP
-6.08
Middle part of Shatt Al-Arab River The present study
ND
unP
-5.80
ND= Not detected, Desc.= Description, -= No data. See table 2 for other abbreviations.

unP
unP
unP
unP

-3.36
-8.40
0.12
-13.87
-13.74

unP
unP
unP-M
unP
unP

0.48
3.32
1.25
-3.96
-3.64

unP-M
S-P
M-P
unP
unP

-0.85
-1.31
-1.19
ND
ND

unP
unP
unP
unP
unP

-2.39
-1.18
-0.90
-7.46
-7.07

Table 9: Igeo results for heavy metals in sediment of southern marshes from 1995-2019.
Location
Reference
Cd
Desc. Cu
Desc.
Fe
Al-Hammar Marsh
Abaychi (1995)
-0.44 unP
-6.57
Al-Hammar Marsh
Al-Imarah et al. (1997) -1.41
unP
-0.41 unP
1.05
Al-Hammar Marsh
Mahmood (2008)
2.22 M-S-P -1.28 unP
-2.09
Al-Hammar Marsh
Awad et al. (2008)
6.40
E-P
3.46
S-P
Al-Hammar Marsh
Qzar (2009)
-2.00
unP
-1.57 unP
Al-Hammar Marsh
Al-Yaseri (2011)
1.29
M-P
-1.28 unP
Al-Hammar Marsh
Talal (2013)
-1.71 unP
Al-Hammar Marsh
Al-Gburi et al. (2017)
-0.46 unP
0.28
Al-Chibayish marsh
Mashkhool (2012)
0.64 unP-M -4.42 unP
Al-Chibayish Marsh
Talal (2013)
-1.87 unP
Al-Chibayish Marsh
Al-Khafaji (2015)
0.64 unP-M -4.42 unP
Al-Chibayish Marsh
Al-Khafaji et al. (2015) 1.24
M-P
-4.13 unP
Al-Hawizah Marsh
Awad et al. (2008)
5.89
E-P
3.05
S-P
Al-Hawizah Marsh
Mahmood (2008)
2.89 M-S-P -0.61 unP
-1.32
Al-Hawizah Marsh
Al-Baidany (2013)
5.29
E-P
Southern marshes
Al-Imarah et al. (2007) 3.22
S-P
-1.95 unP
-7.41
Al-Hammar Marsh
The present study
ND
unP
-6.05 unP -13.96
Al-Chibaysh Marsh
The present study
ND
unP
-6.90 unP -14.00
ND= Not detected, Desc.= Description, -= No data. See table 2 for other abbreviations.

Desc.
unP
M-P
unP
unP-M
unP
unP
unP
unP

Ni
2.42
0.21
1.99
1.83
1.83
2.28
1.24
1.78
1.91
2.40
0.43
-4.15
-7.36

Desc.
M-S-P
unP-M
M-P
M-P
M-P
M-S-P
M-P
M-P
M-P
M-S-P
unP-M
unP
unP

Pb
-1.36
-0.20
5.37
-4.04
-0.37
0.33
-2.29
-3.40
-0.80
8.11
-3.00
4.53
0.04
-0.73
ND
ND

Desc.
unP
unP
E-P
unP
unP
unP-M
unP
unP
unP
E-P
unP
S-E-P
unP-M
unP
unP
unP

Zn
-0.95
-0.76
-0.82
0.42
-2.75
1.22
-1.24
-0.72
-0.72
-0.50
0.87
-0.89
-0.58
0.12
-7.55
-9.18

Desc.
unP
unP
unP
unP-M
unP
M-P
unP
unP
unP
unP
unP-M
unP
unP
unP-M
unP
unP

unP
unP
unP
unP
unP

Long term monitoring of heavy metal pollutants in sediment of Southern Iraq

172

Table 10: Igeo results for some locations in Basrah and Nassiriyah provinces from 1991-2016.
Location

Reference

Cd

Desc.

Cu

Desc.

Fe

Desc.

Ni

Desc.

Pb

Desc.

Zn

Desc.

Khor Al-Zubair

Al-Edanee et al. (1991)

-2.51

unP

-0.78

unP

-8.70

unP

1.38

M-P

-0.90

unP

-1.32

unP

Khor Al-Zubair

Al-Saa’don (2002)

4.87

S-E-P

-0.22

unP

-

-

2.02

M-S-P

-0.18

unP

-

-

Khor Al-Zubair

Sultan et al. (2013)

-0.47

unP

-1.91

unP

-5.22

unP

-

-

-1.01

unP

-2.53

unP

Al-Garaf River

Fahad (2006)

0.20

unP-M

9.58

E-P

-

-

0.72

unP-M

-

-

-1.02

unP

Al-Garaf River

Al-Khazali (2012)

-0.77

unP

-0.88

unP

-

-

0.97

unP-M

-1.15

unP

-

-

Euphrates at Nassiriyah City

Al-Khafaji et al. (2011)

-2.31

unP

-0.66

unP

-3.88

unP

-

-

-2.27

unP

-2.90

unP

Euphrates at Nassiriyah City

Al-Awady et al. (2015)

1.98

M-P

-1.44

unP

-3.74

unP

0.42

unP-M

-1.15

unP

-2.93

unP

Euphrates at Nassiriyah City

Isa & Qanbar (2016)

-2.97

unP

-0.60

unP

-

-

2.31

M-S-P

-2.61

unP

-1.44

unP

Shatt Al-Basrah Canal

Al-Saa’don (2002)

4.06

S-E-P

-1.87

unP

-

-

1.30

M-P

-1.32

unP

-

-

Shatt Al-Basrah Canal

Aziz et al. (2006)

-

-

-0.73

unP

-

-

-

-

-1.58

unP

-3.78

unP

Basrah canals

Al-Hejuje (1997)

2.00

M-P

0.50

unP-M

-

-

-

-

1.30

M-P

0.69

unP-M

Al Jubayla Creek

Al-Khafaji (2000)

-0.24

unP

-1.24

unP

-1.79

unP

-

-

-1.25

unP

-1.69

unP

Um-Khaser

Al-Saa’don (2002)

4.78

S-E-P

-0.61

unP

-

-

2.12

M-S-P

-0.69

unP

-

-

Main Drainage System

Atte (2004)

-1.93

unP

-1.09

unP

-

-

1.40

M-P

-1.15

unP

-2.95

unP

North Basrah

Raaheem (2009)

3.04

S-P

-2.29

unP

-

-

-1.74

unP

-

-

-

-

Al-Masab Alamm
Al-Khafaji et al. (2012) 1.34
M-P
-0.89
unP
ND= Not detected, Desc.= Description, -= No data. See table 2 for other abbreviations.

-

-

-

-1.13

unP

-

-
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In conclusion, the sediment of the southern region of Iraq were polluted with Cd
and Ni in most of the reviewed studies since 1985, while there is no significant
pollution with other metals such as Cu, Fe and Zn. Rain season in late winter and
early spring 2019 has led to a great dilution of heavy metals in sediment.
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Abstract: Using a production function method and district-level data from
1941 to 2020, this study examines the influence of climate change on wheat
cropped area in Sulaimaniyah. The data for these time periods provide
evidence of an increase in mean rainfall. Since the quantity of rain that fell on
Sulaimaniyah during the 79-year research period is averaged out, it comes to
679 mm, which is a good rate for fulfilling agricultural irrigation demands in
this location, especially when an essential crop like wheat requires about 450
mm for adequate output. Only nine years, out of the 79 years analyzed, had
less than 450 mm of rain, while the rest had more than 450 mm. During the
research period, variations in rainfall quantities had an impact on the farmed
areas. Season 2019-2020 cultivated about 39250 hectares in Sulaimaniyah
Region, with precipitation of 746 mm, while the season before that was one of
the wettest, with 1317 mm rain. For the rainy years, which allow greater areas
for cultivation, the visual distribution of cultivated areas across the study years
reveals a semi-organized pattern. Seasons 2006-2007, 2007-2008 and 20082009 were three of the driest seasons, with agricultural areas reduced to bare
minimums despite acceptable rainfall levels, although those years were not
drought years, since a drought year is defined as a year with less than 300 mm
of rain.
Keywords: Climate change, Rainfall, cultivating area, Wheat cultivation

Introduction
One of the most critical elements influencing the overall impact of climate
change will be changes in precipitation. Although precipitation is more difficult to
forecast than temperature, scientists can make certain predictions with confidence
about the future (Schlenker & Roberts, 2008; Dell et al., 2014). Warmer air can
contain more moisture, and global water vapor increases by 7% for every degree
Celsius of warming. It's less obvious how this will translate into changes in global
precipitation, although overall precipitation volume is anticipated to rise by 1-2%
for each degree of warming (Feng et al., 2013). There is evidence that regions that
are currently wet are more likely to grow wetter, but details regarding how much
moisture and the consequences will be at the local scale are difficult to predict. The
subtropical dry lands are expected to get drier and move towards the poles. Winters
Received Jan. 15, 2022, accepted Apr. 8, 2022
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are anticipated to be wet over much of Europe, while summers in central and
southern Europe will be dryer. (Hundecha & Bardossy, 2005; Fisher et al., 2012).
Changes in weather patterns that make it harder to anticipate precipitation, while
many climate models agree on future warming on a global scale, there is less
consensus at a technical level when it comes to predict how these changes will
impact weather and hence precipitation (Ward et al., 1993). In warmer climates,
heavy precipitation is expected to increase, resulting in fewer, but more severe
occurrences. This might result in prolonged droughts and a higher danger of floods
(Okpara, 2006). So far, any impact of climate change on regional precipitation has
been indistinguishable from natural fluctuations. However, a signal began to
develop in some specific situations.
According to a new research, man-made climate change increased the likelihood
of disastrous floods in England and Wales in the fall of 2000 and Germany in 2021.
Increases in severe rainfall throughout the winter may begin to emerge in the UK in
the 1920s of twentieth century, according to current thinking (Mearns et al., 2001).
According to global warming data, the average global temperature has risen by
roughly 1.5 °C since the Industrial Revolution began. According to a separate
research, the tendency is increasing, with average temperatures rising by 0.2 °C per
decade as global temperatures rise and precipitation patterns shift locally (Tamiotti
et al., 2009).
According to the Global Discussion Forum of the United Nations Framework
Convention on Climate Change (UNFCCC), rising global temperatures are
anticipated to enhance agricultural productivity in temperate zones while reducing
yields in tropical regions. Climate change is described by the United Nations
Environment Program (UNEP) as severe weather events that have negative
consequences for agriculture, water resources, human health, plant cover, soil,
ozone layer depletion and carbon dioxide doubling in the ecological environment
(Ofori-Boateng, 2014). Climate change has an impact on all natural and human
systems, and it may jeopardize human progress as well as social, political and
economic existence. Most droughts in arid and semi-arid regions are linked to a late
beginning of the rainy season and an early cessation of rainfall, resulting in a
significant reduction in the length of the rainy season (Stern, 2008).
Rainfall as a Critical Variable in Climate Change
Agro-meteorology is the study of the impact of numerous meteorological
conditions on agriculture (Salami et al., 2010). Climate variables have a direct
influence on agricultural productivity and are used as a basis for agricultural
production forecasts. Changes in air temperature and precipitation fluctuations can
be used to track climate change. Due to disruptions in the socio-economic system
caused by drought or floods, climate change has piqued public attention,
particularly in connection to the unpredictability of precipitation over time. On the
social and economic side, the impact of climate change is expressed in the amount
of surface water in the valley and the volume of groundwater recharge (Ajayi,
1998). Climate fluctuation has a limited influence on power supply (for heating,
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cooling, irrigation and lighting), coastal cattle husbandry and agriculture, the
presence of some disease vectors (valley fever), flood water devastation and tourist
and business curtailment (Sivakumar, 1992).
The findings revealed that the frequency of distinct rainfall events, as well as
related seasonal and yearly rainfall, in the Kurdistan Region/ Iraq is geographically
and seasonally heterogeneous, with the highest rainfall in the northeast and
decreasing rainfall in the south. Unsurprisingly, it was discovered through seasonal
research that there was a favorable association between agricultural productivity
and rainfall in the region. This connection indicates rain-fed agriculture's
dominance in the region (Al-Quraishi et al., 2021).
All humid events in Central Europe rose throughout the second half of the
twentieth century (1946-1999), despite limited geographical coherence in the trend
and evidence of too high changes in extremes relative to the yearly average
(KleinTank & Können, 2003). The annual precipitation fraction index rose in the
station where the quantity of yearly precipitation increased, leading to particularly
wet days with disproportionately significant swings in precipitation extremes
(Giannini et al., 2003). There is no obvious reaction to extremes in places with
lower annual rainfall. Maximum precipitation patterns in Europe during the last
century (1901-2000) indicated regional variations in seasonality (Mottet et al.,
2006).
Ahmad et al. (2017) conducted an experiment in Kurdistan Region/ Iraq on the
effect of drought on some wheat cultivars and found that wheat yield decreased
significantly with the effect of drought and a decrease in rainfall, especially in
critical months. Germination percentages of all cultivars used in this experiment
were greater in the control treatment and began to decline with increasing amount
of water stress.
Opoku-Ankomah & Amisigo (1998) used a time series spectral analysis to
determine the importance of weekly, monthly and yearly rainfall in agriculture,
water and environmental projects. The most notable feature of precipitation in
Central and Western Europe is a considerable rise in winter precipitation, both in
terms of average intensity and in the occurrence of quite intense occurrences. There
is no indication that summer precipitation indices have changed much (Bozzola et
al., 2012).
Osborn et al. (2000) identified a tendency towards wetter circumstances in
winter and drier conditions in summer for the United Kingdom, based on a
comprehensive data network over the second half of the twentieth century.
Intensive heavy rainfall in the winter and transitional seasons grew severe in
magnitude and frequency in Western Germany over the same time period. Unlike in
the winter, however, the summer tendency in severe rainfall is less dramatic.
Climate variability may impact the availability of ground and surface water
resources in the long run (Chebil & Frija, 2016). To establish the nature of this
restriction, more study is required. Precipitation, an important component of the
hydrological cycle, has a high value, both spatially and temporally (between annual
and inter annual) and the change in high precipitation has been analyzed, in part, for
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each of the individual European countries and stations, and to a lesser extent, for
Europe as a whole, based on these indicators. (Ghosh et al., 2009).
Changes in precipitation can be regarded as a reaction to external influences or
feedback mechanisms in the climate system (Finan et al., 2002). Rainfall is the
most significant meteorological element that controls agriculture since it provides
the water required for the soil and plant atmosphere systems to function.
Precipitation fluctuates greatly, although other time and spatial factors are quite
conservative. Precipitation is defined by a numerous asymmetric cycle of
abnormalities of various magnitude; these findings corroborate prior findings
(Hulme et al., 2001).
Naylor et al. (2007) stated that the findings of rainfall studies in any location can
aid decision-makers in the management of water, agricultural, environmental, and
other water-related initiatives. While precipitation variability is a prominent
characteristic of the climate, the region's average annual precipitation has
significantly decreased since 1969.
Due to the intense and severe years of drought that affected Iraq, which resulted
in decreased agricultural land areas, large losses in the area of vegetation in
Kurdistan Region/ Iraq were noted from 2000 to 2008. The severe drought periods
that affected Iraq, particularly the Kurdistan Region/ Iraq in 2000 and 2008, among
other variables, as well as a considerable reduction in rainfall averages, are mostly
to blame for this loss (Gaznayee et al., 2022).
Methodology
The mathematical programming technique is used in this work for two reasons.
Extensive assessment of economic studies on climate and agriculture is the first
reason (Olayide et al., 2016). Using economically estimated fixed-effects dashboard
data models, the most notable pair of traditional issues with models based on crosssection data, such as inconsistent and unobservable estimates of climate-related
variables, may be minimized. This needs at least two years of observations and data
collection, and is based on a single year of original data from farmers.
The other reason is that mathematical optimization provides for a more detailed
depiction of the physical limitations that actual farmers confront when selecting
what to plant and when to plant it. Because various rainfall schedules specify a
distinct set of limitations experienced by farmers, accurate characterization of these
constraints is critical to the present study (Rodrigues et al., 2012). Because the
present unit of observation and the relevant data are at the farmer level, the crop
and farmer-specific production functions may be parameterized without resorting to
maximum entropy approaches to disaggregate production characteristics from
coarser to finer particular scales, such as the farmer level (Obioha, 2008). The
hydrological component employs a mass-balance model to estimate the monthly,
seasonal and annual water available for irrigation to farmers in the watershed
(Nicholson et al., 2012). The physical restrictions on water and rainfall utilized in
the economic component were determined using this information. Following that,
these two components are progressively coupled to allow for the assessment of the
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impacts of changes in rainfall and the volume of stored water in tiny reservoirs on
agricultural revenue at various model time resolutions (Mills, 2007).
Location Study
Sulaimaniyah is a province in northern Iraq. It is distinguished by the overall
appearance of its surface. It is hilly, with valleys and tiny plains surrounding it. The
city (35°33′26″N 45°26′08″E) is situated at an elevation of 850 meters above sea
level. From north to south, the city is bordered by many mountain ranges.
Sulaimaniyah is built on a 3.5% sloping piece of ground. The city's northern end
rises to 885 meters above sea level, while the southern end rises to 800 meters. The
city's climate may be classified as temperate, or the Mediterranean climate of the
mountain, based on climate classifications conducted by researchers and
professionals in this field. It's most important climatic features included the average
annual temperature of 18.74 °C, the predominant winds (locally known as rashaba,
which in Kurdish language means strong winds) are northeast and usually very fast
and the rainy season is primarily in the winter and spring, with little rain in the
summer. In 2018, more annual rain was reported; totaling 1273.80 mm. solar
radiations hitting the Sulaimaniyah station on a daily basis averages 989.4
kcal/cm2/day. Due to the heavy clouds and relative humidity, it is reasonable to
state that solar radiation is moderated in the northern area in general and in
Sulaimaniyah in particular. Daily vertical radiation rate of 5-6 kWh/m2 in the
northern area, and 6-6.5 kWh/m2 in the middle and southern regions. Wheat is the
most significant crop in the study region, accounting for more than half of the total
land area (Mazid, 2015).
Result and Discussion
Figure 1 depicts the time spans from 1945 to 1951, then 1952 to 1957, 1959 to
1962, and so on through 2019. The line rises and falls in a semi-regular pattern
during all of these times. During the 79-year research period, there were at least 21
rises and falls. It did not exceed the periods when rainfall dropped for four seasons
in a row, such as the years 1948 to 1951. When the amount of rain that fell on
Sulaimaniyah Rgion over the study period, is averaged out, it comes to 679 mm,
which is an excellent rate for meeting agricultural irrigation needs in this region,
especially when an important crop like wheat requires approximately 450 mm for
adequate production. Table 1 displays the yearly rainfall trend. Based on the results
of research and studies conducted at stations affiliated with the Agricultural
Research Department in Sulaimaniyah Province, the amounts of rainfall were
classified into three main divisions according to the needs of the irrigated wheat
plant, which were estimated to be around 400 mm. (Dell et al., 2014).
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Figure 1: Data of rainfall for Sulaimaniyah Region based on the compositing of 79 annual analyses
from the newly developed 1941 to 2019. Source: Directorate of Meteorology and
Earthquakes in Sulaimaniyah, Iraq.

There were only nine seasons in which the amounts of rain were less than the
critical limit or the first division, which was calculated at less than 400 mm, which
is a small fraction compared to the 78 years in the research period. In terms of the
second class of rain quantities, it was a fair quantity, estimated at more than 450
mm, with 21 seasons in which the amount of rain was between 400 and 650 mm.
The plant gets its needs from the amount of rain water at these percentages. The
number of seasons covered in the third group grew to 41, with heavy years defined
as those with more than 650 mm of rain. As a results for data's in table 1, it is clear
that if the wheat crop depends in its growth and production on the amounts of rain,
then the percentage of rain is good and is considered good to give the best
production in the event of a good distribution of this rain (Tošić & Unkašević,
2005; Aggarwal, 2008).
As indicated in Table 2, total rainfall in eight decades has grown. Of course, this
increase is dispersed across the years of these decades in various years and months,
but it appears that the rates of rainfall have increased with time (Lobell et al., 2011).
Because the bulk of seeds, planted in November, the germination of these seeds
is dependent on the amount of rain. November is one of the most significant months
for the culture of wheat.
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Table 1: The state of rain during the period from 1941 to 2019.
Rainfall state
Low

Years
Number of years
Rainfall amounts
1948-1949, 1949-1950, 1998-1999
9
Lower than
1950-1951, 1959-1960, 1947-1948
400 mm
1965-1966, 2007-2008, 1999-2000
Moderate
2008-2009, 1983-1984, 1966-1967
29
400-650 mm
1946-1947, 1988-1989, 2000-2001
1941-1942, 1989-1990, 1964-1965
1963-1964, 1977-1978, 2010-2011
1943-1944, 1976-1977, 2011-2012
1954-1955, 2012-2013, 1955-1956
2016-2017, 1951-1952, 2006-2007
1957-1958, 1969-1970, 1996-1997
1979-1980, 1974-1975, 1970-1971
1972-1973
High
2004-2005, 1986-1987, 1958-1959
41
More than 650
1961-1962, 1944-1945, 1995-1996
mm
1985-1986, 2014-2015, 2013-2014
1967-1968, 1942-1943, 1960-1961
1978-1979, 1952-1953, 2019-2020
2005-2006, 1982-1983, 1980-1981
2001-2002, 1981-1982, 1971-1972
2009-2010, 1975-1976, 1984-1985
2017-2018, 1993-1994, 2003-2004
2015-2016, 1992-1993, 2002-2003
1953-1954, 1997-1998, 1973-1974
1962-1963, 1956-1957, 1987-1988
1945-1946, 1994-1995, 1991-1992
1968-1969, 2018-2019.
Source: Directorate of Meteorology and Earthquakes in Sulaymaniyah, Iraq.
Table 2: Changes in rainfall amounts for specific months over decades since 1941.
Years
(1941-2020)

Rainfall
amount

Rainfall amount
Rainfall amount
for November*
for March*
Mm
%
mm
%
Decade 1 (1941-1950)
5031.6
528.9
10.51
901.1
17.9
Decade 2 (1951-1960)
6701.6
829.5
12.37
1262
18.83
Decade 3 (1961-1970)
6819.7
634.0
9.29
914
13.4
Decade 4 (1971-1980)
7123.1
536.9
7.53
1455.8 20.43
Decade 5 (1981-1990)
6894.6
1086.9
15.76
1008.2 14.62
Decade 6 (1991-2000)
6873.5
1012.5
17.64
1105.0 16.07
Decade 7 (2001-2010)
6647.7
578.8
8.7
797.6
11.99
Decade 8 (2011-2019)
7474.0
982.3
13.14
1267.2 16.95
Source: directorate of Meteorology and Earthquakes in Sulaimaniyah, Iraq.
* Since November, March and April are critical months for wheat growth.

Rainfall amount
for April*
Mm
%
543.6
10.80
1136.3
16.95
1394.9
20.45
872.1
12.24
725.7
10.52
916.4
13.33
1030.8
15.50
628.9
8.41

Table 3 shows that the quantity of rain varied by season and decade over the
research period, but in general, most of the seasons had good quantities of rain until
the seeds germinated, which surpassed the 10% of November rainfall. This month
is important for the growth of wheat plants since the absence of ground moisture
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during this phase leads to a loss of fertilization and seed storage, therefore plants
should not be thirsty during this phase.
The ovary progressively comes up to maturity in this month, as well as a process
of pollination and fertilization in wheat flowers. The most essential activities that
occur in this month are the transfer of nutrients, water and organic elements,
necessary for growth, from stems and leaves to grains. A pollination and
fertilization procedures are also carried out throughout April. After pollination and
fertilization in the wheat flower, starch storage occurs in the grains, and the weight
of the grains rises linearly throughout this month depending on rainfall quantities,
temperature, organic matter and nutrients, and then progressively follows the stage
of grain maturity (Moberg & Jones, 2005).
Table 3: Effect of long term of rainfall on changing sowing wheat date.
Decades (1941-2020)

Sowing in
Sowing in
Sowing in
Sowing in
Sowing in
September
October
November
December
January
Decade 1 (1941-1950)
Non
3 Seasons
6 Seasons
Non
1 Season
Decade 2 (1951-1960)
Non
1 Season
5 Seasons
4 Seasons
Non
Decade 3 (1961-1970)
Non
Non
5 Seasons
4 Seasons
1 Season
Decade 4 (1971-1980)
Non
1 Season
4 Seasons
5 Seasons
Non
Decade 5 (1981-1990)
Non
2 Seasons
7 Seasons
1 Season
Non
Decade 6 (1991-2000)
Non
3 Seasons
7 Seasons
Non
Non
Decade 7 (2001-2010)
Non
3 Seasons
4 Seasons
3 Seasons
Non
Decade 8 (2011-2019)
Non
4 Seasons
5 Seasons
Non
Non
Sources: Directorate of Meteorology and Earthquakes in Sulaimaniyah, Iraq and General Directorate
for Agriculture in Sulaimaniyah, Iraq.

Climate change, particularly changes in the critical and important months for the
germination of crops, particularly the crop under study, has had an impact on the
field study conducted and the information received that the dates of planting the
wheat crop have changed as the dates of rainfall have changed.
Table 3 shows that the planting season has shifted between October and
November in the recent decade. They used to plant their crops in October at the
start of the decade, but as rainy season dates changed, farmers had to wait planting
until November to ensure that the seeds of their crops germinated, as this month
became more guarantees for planting and seed germination (Dai et al., 2004).
Table 4 shows the steady rise in temperature rates as in the months under
investigation, which is clearly seen, especially in the crucial and essential months
for wheat cultivation, such as October and November. The average temperatures for
October and November in the 1940s were 25 and 16.7, respectively. In following
study period, average temperatures reached 28.9 and 20.3, respectively in the first
decade of this century. Although this rise in temperatures was accompanied by a
rise in the rates of rain, the dates of the fall of these rains were not in the interest of
some field crops, especially the crop under study.
According to Figure 2, differences in rainfall amounts had an effect on the
cultivated areas during the study period. The largest cultivation areas reordered
were in season 2019-2020, which cultivated nearly 157 000 dunam (also spelled as
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donum) in Sulaimaniyah Region. In this season, the precipitation was 746 mm, but
the season before that was one of the wettest, with 1317 mm rain (Parry et al.,
2004).
Table 4: Relationship between rainfall and temperatures.
Decades
(1941-2020)

Rainfall
Average

Average
Temp. in
Sep.

Average
Temp.
in Oct.

Average
Temp. in
Nov.

Average
Temp. in
Dec.

Average
Temp. in
Jan.

Decade 1 (1941-1950)
503.16
32.6
25.0
16.76
10.75
7.25
Decade 2 (1951-1960)
670.16
33.4
26.10
17.07
10.95
7.3
Decade 3 (1961-1970)
681.97
34.9
26.70
17.8
11.32
7.5
Decade 4 (1971-1980)
712.31
35.03
27.25
18.42
11.63
7.77
Decade 5 (1981-1990)
689.46
35.62
27.78
18.57
12.41
8.4
Decade 6 (1991-2000)
687.35
36.2
28.5
19.2
13.35
9.0
Decade 7 (2001-2010)
664.77
36.5
28.6
19.8
12.5
10.4
Decade 8 (2011-2020)
830.44
34.76
28.9
20.3
13.17
10.6
Sources: Directorate of Meteorology and Earthquakes in Sulaimaniyah, Iraq and General Directorate
for Agriculture in Sulaimaniyah, Iraq.

Figure 2: Relationship between the areas cultivated with wheat (in dunam which is 2500 m2) and the
amount of rain in Sulaimaniyah. Sources: General Directorate for Agriculture in Sulaimaniyah, Iraq
and Directorate of Meteorology and Earthquakes in Sulaimaniyah, Iraq.

The graphic distribution of cultivated areas over the study years (Figure 2),
shows a semi-organized pattern for the wet years, which provided larger areas for
cultivation, such as the seasons1994-1995, 1997-1998, 2001-2002, 2002-2003,
2003-2004, 2004-2005, 2005-2006, 2006-2007, 2007-2008, 2008-2009, 2009-2010,
2015-2016, 2017-2018 and 2018-2019 which were one of the very dry seasons in
which farmed lands were reduced to the bare minimums, despite the fact that
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rainfall levels were within permissible standards, and those years were not drought
years, since a drought year is defined as a year with less than 300 mm of rain.
When comparing the cultivated areas in successive years from 1994 to 2020
(Figure 3), one can see that there is a change in the cultivated areas, particularly
during 1994, 2006 and 2019. As a result, the quantities of wheat produced will
change annually, affecting the output and economic return for farmers. When
looking at the cultivated areas from 1997-98, when about 934 dunam were planted,
it is clear that there has been a reduction in the cultivated lands, peaking in 20062007. After the 2006-2007 seasons, wheat planting areas increased until they
reached their greatest level in 2016 season, when they reached around 870 dunam.
When drawing a trend line for these data in the graph, one can notice that the areas
planted with wheat in the years under consideration have been rather stable (Singh
et al., 2013).

Figure 3: Impact of rainfall amounts changes on cultivated area in Sulaimaniyah Region (One
dunam= 2500 m2). Sources: General Directorate for Agriculture in Sulaimaniyah, Iraq
and Directorate of Meteorology and Earthquakes in Sulaimaniyah, Iraq.

The adoption of most regions is one of the causes for output fluctuations from
year to year. The impact of cultivated wheat on rainfall quantities and dispersion, in
addition to other variables, such as the development of rust infections, epidemic in
a number of wet years before maturity, during the planting season (Zolina et al.,
2005).
Because of the dramatic variations in rain amounts and distribution, as well as
the dramatic increase and fall in temperatures, officials may be compelled to reexamine some of the fundamentals of wheat production, such as selecting better
planting dates in response to climatic changes. Researching and developing longterm solutions, at the very least, to the impact of climate change on agriculture in
general, including meetings between scientists, government officials and
incorporating farmers through a series of interconnected workshops are needed.
The work of specialized committees between the Ministry of Agriculture and
meteorologists is needed to create simulation programs for the next 30 years and to
find sports models. The Aqua Crop program has shown to be crucial in determining
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how people may be impacted by climate change in the near future. Every year that
goes by, without the program being implemented, is an irreversible loss in terms of
studying the consequences of climate change on agriculture and developing more
effective policies.
References
Aggarwal, P.K. (2008). Global climate change and Indian agriculture: Impacts,
adaptation and mitigation. Indian J. Agric. Sci., 78(10): 911-919.
Ahmad, N.S.; Kareem, S.H.S.; Mustafa, K.M. & Ahmad, D.A. (2017). Early
screening of some Kurdistan wheat (Triticum aestivum L.) cultivars under
drought stress. J. Agric. Sci., 9(2): 88-103. DOI:10.5539/jas.v9n2p88.
Ajayi, A.E. (1998). Agrostatistical analysis of rainfall data for the humid and sub
humid stations of Nigeria. M. Eng. Thesis, School of Postgraduate Studies,
Federal University of Technology, Akure, Nigeria: 73 pp.
Al-Quraishi, A.M.F.; Gaznayee, H.A.A. & Messina, J.P. (2021). Drought severity
trend analysis based on the landsat time-series dataset of 1998-2017 in the
Iraqi Kurdistan Region. In: IOP Conf. Ser.: Earth Environ. Sci., 779(1):
012083. IOP Publishing.
Bozzola, M.; Massetti, E.; Mendelsohn, R. & Capitanio, F. (2012). A Ricardian
analysis of the impact of climate change on Italian agriculture. In: Bosello, F.
(ed.). Climate change: Economic impacts and adaptation. Note di Lavoro,
Fondazione eni Enrico Mattei, 23: 47 pp.
Chebil, A. & Frija, A. (2016). Impact of improving water use efficiency on its
valuation: The case of irrigated wheat production in Tunisia. Afr. J. Agric.
Resour. Econ., 11(2): 131-140. https://hdl.handle.net/20.500.11766/5904.
Dai, A.; Lamb, P.J.; Trenberth, K.E.; Hulme, M.; Jones, P.D. & Xie, P. (2004). The
recent Sahel drought is real. Int. J. Climatol., 24(11): 1323-1331.
Dell, M.; Jones, B.F. & Olken, B.A. (2014). What do we learn from the weather?
The new climate-economy literatures. J. Econ. Lit., 52(3): 740-798. DOI:
10.1257/jel.52.3.740.
Feng, X.; Porporato, A. & Rodriguez-Iturbe, I. (2013). Changes in rainfall
seasonality in the tropics. Nat. Clim. Change, 3: 811-815. DOI:10.1038/
nclimate1907.
Finan, T.J.; Austin, D. & McGuire, T.R. (2002). Processes of adaptation to climate
variability: A case study from the US Southwest. Clim. Res., 21(3): 299-310.
DOI:10.3354/cr021299.
Fisher, A.C.; Hanemann, W.M. & Roberts, M.J. & Schlenker, W. (2012). The
economic impacts of climate change: Evidence from agricultural output and
random fluctuations in weather. Am. Econ. Rev., 102(7): 3749-3760. DOI:
10.1257/aer.102.7.3749.
Gaznayee, H.A.A.; Al-Quraishi, A.M.F.; Mahdi, K. & Ritsema, C.J. (2022). A
geospatial approach for analysis of drought impacts on vegetation cover and
land surface temperature in the Kurdistan Region of Iraq. Water, 14(6), 927:
29 pp. DOI:10.3390/w14060927.

189

AbdulRahman et al.

Ghosh, S.; Luniya, V. & Gupta, A. (2009). Trend analysis of Indian summer
monsoon rainfall at different spatial scales. Atmos. Sci. Lett., 10(4): 285-290.
DOI:10.1002/asl.235.
Giannini, A.; Saravanan, R. & Change, P. (2003). Ocean forcing of Sahel rainfall
on inter-annual to inter-decadal time scales. Science, 302: 1027-1030.
Hulme, M.; Doherty, R.M.; Ngara, T.N.M.; New, M.G. & Lister, D. (2001).
African climate change: 1900-2100. Clim. Res., 17(2): 145-168. DOI:
10.3354/cr017145.
Hundecha, Y. & Bárdossy, A. (2005). Trends in daily precipitation and temperature
extremes across western Germany in the second half of the 20th century. Int.
J. Climatol., 25(9): 1189-1202. DOI:10.1002/joc.1182.
KleinTank, A.M.G. & Können, G.P. (2003). Trends in indices of daily temperature
and precipitation extremes in Europe, 1946-99. J. Clim., 22(16): 3665-3680.
DOI:10.1175/1520-0442(2003)016<3665:TIIODT>2.0.CO;2.
Lobell, D.B.; Schlenker, W. & Costa-Roberts, J. (2011). Climate trends and global
crop production since 1980. Science, 333(6042): 616-620. DOI:10.1126/
science.1204531.
Mazid, A. (2015). The project for wheat productivity improvement towards food
self-sufficiency. Baseline Survey Analysis. Status of wheat production in
Kurdistan Region of Iraq: Results of baseline survey. Japan International
Cooperation Agency (JICA) and International Center for Agricultural
Research in Dry Area (ICARDA): 40 pp.
Mearns, L.O.; Easterling, W.E.; Hays, C. & Marx, D. (2001). Comparison of
agricultural impacts of climate change calculated from high and low
resolution climate change scenarios: Part I. The uncertainty due to spatial
scale. Clim. Change, 51(2): 131-172. DOI:10.1023/A:1012297314857.
Mills, E. (2007). From risk to opportunity: 2007 Insurer’s responses to climate
change. A. Ceres Report, Boston: 44 pp.
Moberg, A. & Jones, P.D. (2005). Trends in indices for extremes in daily
temperature and precipitation in Central and Western Europe, 1901-99. Int. J.
Climatol., 25(9): 1149-1171. DOI:10.1002/joc.1163.
Mottet, A.; Ladet, S.; Coqué, N. & Gibon, A. (2006). Agricultural land-use change
and its drivers in mountain landscapes: A case study in the Pyrenees. Agric.
Ecosyst. Environ., 114(2-4): 296-310. DOI:10.1016/j.agee.2005.11.017.
Naylor, R.L.; Battisti, D.S.; Vimont, D.J.; Falcon, W.P. & Burke, M.B. (2007).
Assessing risks of climate variability and climate change for Indonesian rice
agriculture. Proc. Natl. Acad. Sci. U.S.A., 104(19): 7752-7757. DOI:10.1073/
pnas.0701825104.
Nicholson, S.E.; Klotter, D. & Dezfuli, A.K. (2012). Spatial reconstruction of semiquantitative precipitation fields over Africa during the nineteenth century
from documentary evidence and gauge data. Quat. Res., 78(1): 13-23. DOI:
10.1016/j.yqres.2012.03.012.

Precipitation change and its impact on wheat cultivation in Sulaimaniyah Region, Iraq

190

Obioha, E.E. (2008). Climate change, population drift and violent conflict over land
resources in Northeastern Nigeria. J. Human Ecol., 23(4): 311-324. DOI:
10.1080/09709274.2008.11906084.
Ofori-Boateng, K. (2014). The impact of climate change and cocoa production in
West Africa. Int. J. Clim. Change Strategies Manag., 6(3): 296-314. DOI:
10.1108/IJCCSM-01-2013-0007.
Okpara, E.P. (2003). Complementarily between densification and climate change
conventions responses to unpredictable rainfall patterns in Nigeria, Dry Belt.
NEST Forum: No. 19: 7-8.
Olayide, O.E.; Tetteh, I.K. & Popoola, L. (2016). Differential impacts of rainfall
and irrigation on agricultural production in Nigeria: Any lessons for climatesmart agriculture? Agric. Water Manag., 178: 30-36. DOI:10.1016/
j.agwat.2016.08.034.
Opoku-Ankomah, Y. & Amisigo, B.A. (1998). Rainfall and runoff variability in the
southwestern river system of Ghana. In: Servat, E.; Hughes, D.; Fritsch, J.M.; Hulme, M. (eds.). Water resources variability in Africa during the XXth
century. Proc. Abidjan’ 98 Conf., IAHS Publ. No. 252: 307-314.
Osborn, T.J.; Hulme, M.; Jones, P.D. & Basnett, T.A. (2000). Observed trends in
the daily intensity of United Kingdom precipitation. Int. J. Climatol., 20(4):
347-364. DOI:10.1002/(SICI)1097-0088(20000330)20:4<347::AID-JOC475
>3.0.CO;2-C.
Parry, M.L.; Rosenzweig, C.; Iglesias, A.; Livermore, M. & Fischer, G. (2004).
Effects of climate change on global food production under SRES emissions
and socio-economic scenarios. Glob. Environ. Change, A, 14: 54-67. DOI:
10.1016/j.gloenvcha.2003.10.008.
Rodrigues, L.N.; Sano, E.E.; Steenhuis, T.S. & Passo, D.P. (2012). Estimation of
small reservoir storage capacities with remote sensing in the Brazilian
Savannah Region. Water Resour. Manag., 26(4): 873-882. DOI:10.1007/
s11269-011-9941-8.
Salami, A.; Kamara, A.B. & Brixiova, Z. (2010). Smallholder agriculture in East
Africa: Trends, constraints and opportunities. African Development Bank,
Tunis, Tunisia, Working Paper Series No. 105: 52 pp.
Schlenker, W. & Roberts, M. (2008). Estimating the impact of climate change on
crop yields: The importance of non-linear temperature effects. National
Bureau of Economic Research (NBER) Working Paper No. 13799: 35 pp.
Sivakumar, M.V.K. (1992). Climate change and implications for agriculture in
Niger. Clim. Change, 20: 297-312.
Singh, N.P.; Byjesh, K.; Ranganathan, C.R. & Bantilan, C. (2013). Quantifying
economic impact of climate change on rice in semiarid tropics of India: Using
Ricardian approach for the state of Andhra Pradesh. Asia Pac. J. Environ.
Dev., 20: 41-55.
Stern, N. (2008). The economics of climate change. Am. Econ. Rev., 98(2): 1-37.
DOI:10.1257/aer.98.2.1.

191

AbdulRahman et al.

Tamiotti, L.; Teh, R.; Kulaçoğlu, V.; Olhoff, A.; Simmons, B. & Abaza, H. (2009).
Trade and climate change. WTO-UNEP Rep. Secretariat, Switzerland: xxii +
166 pp. ISBN: 978-92-870-3522-6.
Tošić, I. & Unkašević, M. (2005). Analysis of precipitation series for Belgrade.
Theor. Appl. Climatol., 80: 67-77. DOI:10.1007/s00704-004-0076-1.
Ward, M.N.; Folland, C.K.; Maskell, K.; Colman, A.W.; Rowell, D.P. & Lane,
K.B. (1993). Experimental seasonal forecasting of tropical rainfall at the UK
meteorological office. In: Shukla, J. (Ed.). Prediction of interannual Climate
Variations. NATO ASI Ser., 6: 197-216.
Zolina, O.; Simmer, C.; Kapala, A. & Gulev, S. (2005). On the robustness of the
estimates of centennial-scale variability in heavy precipitation from station
data over Europe. Geophys. Res. Lett., 32(14): 5 pp. DOI:10.1029/
2005GL023231.

Vol. 6(2): 192-203, 2022
https://doi.org/10.51304/baer.2022.6.2.192

Evaluating the Water Quality of Al-Chibayish Marsh, Southern
Iraq by Using the Canadian Index CCME-WQI
Azhar A. Al-Asadi & Makia M. Al-Hejuje*
*Department of Ecology, College of Sciences, University of Basrah, Iraq
Corresponding author: makia.khalaf@uobasrah.edu.iq
Abstract: Al-Chibayish Marsh is one of the most important marshes located in
southern Iraq. Many sewage plants discharging into the marsh and affect its
water quality. The present study aims at evaluating the water suitability for
drinking, irrigation and other domestic uses. Water samples were collected
monthly from six stations in the marsh during August 2018 to July 2019.
Twenty variables were monitored to apply the Canadian index, there are
including water temperature, pH, turbidity, electrical conductivity, total
suspended solids , total dissolved solids, dissolved Oxygen, biological oxygen
demand, total hardness, Calcium, Magnesium, Nitrate, active Phosphate,
Sulfate, Chloride, Sodium, Potassium, Sodium adsorption ratio, Boron and
fecal coliform bacteria. The findings showed that the water of Al-Chibayish
Marsh was marginal to poor for general uses, while it was poor for drinking or
irrigation at all stations. The Iraqi Marshes Protection Law against pollution
must be enforced to prevent the obvious deterioration of the marsh water to
improve its quality.
Keywords: Iraqi marshes, Water assessment, Water quality, CCME-WQI

Introduction
Water quality assessment has become a central issue in many countries that have
begun to take measures for water shortages. The population increase in recent
decades and the development which may coincide in the future (economic and
social aspects) has increased the demand for surface water sources to meet the
various corresponding needs for this increase causing contamination of freshwater
sources (Mohammed & Abdulrazzaq, 2018; Al-Sudani, 2021).
As a result of the improper and unsafe use of water resources, many countries
are concerned about water resources. Therefore, water quality assessment has
become a sensitive process, especially with the awareness that freshwater will be a
limited resource in the future (Alazawii et al., 2018; Chabuk et al., 2020).
Traditional methods of estimating water quality were based on comparing the
values of specific experimental variables with existing local standard values, and
here it does not use water quality indices to give a global view of the spatial and
temporal direction of total water quality (Nasirian, 2007; Al-Ani et al., 2019; Qzar
et al., 2021).
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Any water quality index such as the Canadian index is a mathematical model
that is efficient in determining water quality. It can summarize many water quality
data and convert them into data that decision-makers and administrators can easily
understand and interpret (CCME, 2001). The objective of the index is to transform
complex water quality data into understandable and usable information by the
public (Alazawii et al., 2018). The concept of the index is based on the comparison
of a set of water quality variables with permitted limits according to standards and
specifications that result in specific values of 0-100, which represents a certain
level of water quality status (Rosemond et al., 2009; Shaawiat et al., 2019). The
Canadian model tends to be the most accurate model to determine surface water
quality for different water uses (Al-Hejuje, 2014; Hanna et al., 2019).
The aim of the present study is to assess water quality of Al-Chibayish Marsh
through determining the concentration of certain physical, chemical and biological
variables affecting water quality by applying the Canadian model CCME-WQI to
predict its condition compared to global and Iraqi environmental scale and showing
its suitability for different uses.
Materials and Methods
Study Area
Marshes constitute an important part of the wetland area of Southern Iraq and an
important source of fisheries, reeds, agricultural and animal products. Al-Chibayish
Marsh is one of these marshes located in the middle of the central marshes which
exposed to the discharge of untreated domestic wastewater that contain
considerable concentration of nutrients and toxic chemicals. Water samples were
collected monthly from six stations in the Al-Chibayish Marsh during the period
from August 2018 to July 2019 (Table 1).
Table 1: GPS coordinates of sampling sites.
Stations
GPS Coordinates
St. 1
E: 46◦ 59ʼ 55.0ʼʼ
N: 30◦ 58ʼ 13.9ʼʼ
◦
St. 2
E: 46 59ʼ 48.2ʼʼ
N: 30◦ 58ʼ 35.8ʼʼ
◦
St. 3
E: 46 59ʼ 54.6ʼʼ
N: 30◦ 59ʼ 00.7ʼʼ
St. 4
E: 47◦ 00ʼ 05.6ʼʼ
N: 30◦ 58ʼ 36.1ʼʼ
◦
St. 5
E: 47 00ʼ 18.0ʼʼ
N: 30◦ 59ʼ 04.2ʼʼ
◦
St. 6
E: 47 00ʼ 24.0ʼʼ
N: 31◦ 00ʼ 13.4ʼʼ

Sample Analysis
Water temperature, pH and electrical conductivity (EC) were measured in situ by
using Multimeter type Multi 350 i SET 5. Water turbidity was measured in the field
by turbidity meter type TURB 355 IR WTW. Fecal coliform bacteria (FC) samples
were collected in tightly stopper polyethylene sterilized containers (60 ml),
preserved and stored in ice box according to APHA (2005), until further analysis
using filtration method. Total suspended solid (TSS) and Total dissolved solid
(TDS) were gravimetrically measured according to APHA (2005) at the laboratory.
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Azid modification Winkler method according to Lind (1979) was followed to
determine the level of dissolved oxygen (DO) and biological oxygen demand
(BOD5). Titrimetric method as described in Bartram & Ballance (1996) was applied
to determine the sulfate ions (SO4), while Total Hardness (TH), Calcium (Ca+2) and
Chloride (Cl-) were determined according to APHA (2005). Magnesium (Mg) was
calculated according to total hardness and Calcium hardness values.
Spectrophotometer (model v-1100d EMC.LAB/ Germany) was used to
determine the Boron ions (B+3) by using Curcumin method, while the colorimetric
method was used to measure nitrite ion (NO3-) according to Ultra Violet Method
(APHA, 2005). Reactive phosphates (PO4) were determined according to the
Ascorbic acid method (Strickland & Parsons, 1972).
Sodium (Na+) and Potassium (K+) were measured by Flame photometer
instrument according to APHA (2005), while Sodium adsorption ratio (SAR) was
calculated according to the equation:
SAR=Na / √ [(Ca + Mg) /2].
The water quality index for general use (GWQI) was calculated based on nine
variables including DO, FC, pH, BOD5, turbidity, TH, PO4, EC and NO3, whereas
drinking water quality index (DWQI) was calculated according to 13 variables
including DO, FC, pH, BOD5, SO4, turbidity, TH, Cl, EC, NO3, Mg, Na and Ca. For
Irrigation water quality index (IWQI), ten variables (B, EC, Cl, SO4, pH, Na, K,
SAR, TSS and TDS) were used to calculate the water suitability for irrigation.
The Canadian water quality guide (Canadian Council of Ministers of
Environment) and the Iraqi standard limits has been implemented as CCME (2001)
index:
F1= [Number of failed variables/ Total number of variables] * 100
F2= (Number of failed tests/ Total number of tests) * 100
F3= nse/ (0.01 * nse + 0.01)
The normalized sum of excursion (nse) was calculated as follows:
nse =Σ excursion/ total number of tests.
Calculation of deviation (excursion): The number of times that the value of the
test is exceeded represents higher than the value of the standard set, calculated
according to the following equation:
The excursion= (failed test value/ objective)-1, or the value of the test is less
than the value of the standard set, depending on the following equation:
The excursion= (objective/ failed test value)-1
WQICCME= 100- (√ (F12+F22 +F32)/ 1.732)
Then, the value was compared with the WQI designation (Table 2).
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Table 2: WQI Designations (CCME, 2001).
Designation
Excellent

Index value
95-100

Good

80-94

Fair

65-79

Marginal

45-64

Poor

0-44

Description
The water is well protected and free from pollution as it
approaches the ideal water.
Water is less protected and rarely strays from ideal
specifications.
Water is often protected but sometimes contaminated
and sometimes far from ideal.
Water is frequently contaminated and is often far from
ideal.
Water is always polluted and far from ideal at all times.

Statistical Analysis
Analysis of variance (ANOVA test -one way) used by applying the statistical
analysis program Minitab (version 16.1) to mention the temporal and spatial
variations in the values of variables below the moral level (p<0.05) and the
correlation coefficient (r) was calculated between the different variables depending
on the Pearson's correlation coefficient. Principal component analysis (PCA) was
performed by using XLSTAT 2015 program to identify the most important
physical, chemical and biological water quality variables and its impact on water
quality index values.
Results and Discussion
The obtained results showed increasing some water variables (Table 3)
compared to the permissible values mentioned by Ayers & Westcot (1985), USEPA (2012) and WHO (2018) for irrigation purposes, general used and drinking
water supply (Table 4).
General Water Quality Index (GWQI)
The results gave a clear indication of the nature of temporal and spatial
variability in the water quality of the Chibayish Marsh, as the water of the studied
area was classified into two categories: poor or marginal (Table 5). Autumn was
the most degrading season in water quality for all stations, as water classified as
category 5 (poor) due to the decrease in water discharge from the Euphrates River
and the increased concentration of untreated sewage pollutants discharged to the
marsh, which increased salinity, electrical conductivity, fecal coliform and
phosphates, as well as a decrease in the values of dissolved oxygen due to
increased concentration of organic pollutants (Al-Asadi & Al-Hejuje, 2019).
Effective nitrates and pH values remained within the limits of permitted values,
whereas relative improvement in the values of other variables (turbidity, dissolved
oxygen, phosphates, total hardness and fecal coliform) make most stations to be
classified in the fourth category (marginal). This may be due to increase
discharging rates of water from the Euphrates River to these stations. This finding
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is in agreement with Al-Musawi et al. (2018), while, the first and fourth stations
have no improvement and stilled classified in the fifth category (poor).
As for the spatial differences, the first and fourth stations have a significant
decrease in the values of the index in all seasons. This may be due to the fact that
these two stations are receiving untreated sewage owing to their location near
sewage treatment stations as well as a considerable input of pollutants from
domestic and agricultural sources. The sixth station exhibited the highest values of
the index because it is located far from sources of pollution.
The results of PCA analysis showed that magnesium, nitrate, sodium, calcium,
sulfates, pH and conductivity are the most influential on the value of the index,
followed by dissolved oxygen, total hardness, BOD5, chloride and fecal coliform
bacteria (Figure 1).
Drinking-Water Quality Index (DWQI)
Low values of DWQI during the present study classified central marshes water
in the fifth category (poor) in all stations and seasons (Table 5). The sharp decrease
in the values of the index indicates significant deterioration in the quality due to the
impact of sewage plant water that discharged into the marshes in large quantities
without treatment. The lowest values of the guide were recorded during the fall in
all stations due to high values of some variables (TH, FC, turbidity, chloride,
sodium, calcium, sulfates and electrical conductivity) from its standard
specifications, excluding pH and nitrates that remained within the permissible
limits, which may be due to lower water quantities input to the marshes and
increased evaporation rates due to high temperatures and increased concentrations
of pollutants without treatment, resulting in increased values of most of the
permitted variables. The on-site changes recorded the first and fourth stations with
the lowest water quality index values for drinking. This is due to the number of
pollutants reaching these stations from untreated sewage stations that increase the
concentration of many of the measured variables. The results of PCA showed that
magnesium, nitrate, sodium, calcium, sulfates, pH and EC are the most influential
factors on the index value (Figure 2).
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Table 3: Variables ranges at the studied stations during the studied period.

Variables
Water Temperature °C
pH
Turbidity NTU
Conductivity mS/cm
TSS mg/l
TDS mg/l
DO mg/l
BOD5 mg/l
Total Hardness mg/l
Calcium Ca+2 mg/l
Magnesium Mg+2 mg/l
Nitrate NO3- mg/l
Active Phosphate PO4-2
Sulfate SO4-2 mg/l
Chloride Cl- mg/l
Sodium Na+ mg/l
Potassium K+ mg/l
Sodium Adsorption Ratio
Boron B+3 mg/l
Fecal coliform bacteria
FC CFU/100ml

Station 1
10-28
7.45-8.55
4.16-26.9
3.60-5.42
10.7-46.8
2346-4036
0.6-5.5
0.6-3.8
840-1500
128.3-234.5
156.7-300.4
2.10-7.92
0.73-10.35
652.8-1430.4
749.8-1624.5
577.5-806.2
9.4-38.4
39.59-60.97
0.124-0.922
444-1889

Station 2
11-30
7.7- 8.25
15.1-51.5
2.5-4.71
16.9-83.9
1917-3128
3.9-8.4
0.4-6.9
790-1300
114.2-220.4
143.6-252.6
1.8-8.65
0.3-2.76
528.0-1420.8
574.8-1374.6
436.6-779.3
8.2-25.3
31.3-60.47
0.1-0.8
444-2000

Station 3
11-31
7.32-8.05
2.40-88.85
2.76-4.49
5.6-130.1
2069-3383
2.2-6.7
0.65-5.1
820-1450
114.2-226.5
154.4-300.9
1.79-8.26
0.25-2.49
96.0-1219.2
624.8-1274.6
478.9-777.8
8.8-27.3
31.86-61.82
0.092-0.759
333-2222

Station 4
12-31
7.43-8.16
6.78-63.4
2.56-4.53
8.6-63.2
2087-3132
2.1-7.9
1.05-4.0
770-1400
142.3-244.5
138.0-287.3
2.76-6.71
0.40-9.24
211.2-1344
599.8-1324.6
507.0-834.9
8.2-35.6
36.53-62.5
0.116-0.654
1000-5889

Station 5
13-33
7.33-8.05
1.7-107.9
2.74-4.48
5.3-107.7
2120-3238
1.8-7.45
0.6-6.25
860-1400
138.3-216.4
158.6-286.3
2.12-8.02
0.16-2.54
201.6-1305.6
524.8-1124.7
450.7-825.2
6.47-30.57
33.82-58.95
0.068-0.79
222-1889

Station 6
14-32
7.4-8.0
1.61-12.25
2.91-6.0
6.1-18.3
2237-3224
2.75-5.65
0.4-1.8
890-1530
152.3-260.5
165.6-297.5
3.16-6.23
0.127-0.825
676.0-1099.6
599.8-1899.4
606.9-887.3
9.42-32.66
39.70-55.59
0.163-0.602
111-556

Evaluating the water quality of Al-Chibayish Marsh by using the Canadian index

198

Table 4: Variables ranges at the studied stations as compared to the permissible values.
Variables

Units

WHO
(2018)

Water Temperature
ᵒC
Dissolved Oxygen
mg/l
5
BOD5
mg/l
5
TDS
mg/l
EC
mS/cm
pH
6.5-8.5
TH as CaCO3
mg/l
NG*
Ca
mg/l
Mg
mg/l
Turbidity
NTU
5
TSS
mg/l
NO3
mg/l
50
3
Reactive PO4
mg/m
B
mg/l
2.4
SO4
mg/l
Cl
mg/l
Na
mg/l
50
K
mg/l
SAR
Fecal Coliform (FC) CFU/100 ml ZERO

USEPA
(2012)
500
0.25
6.5-8.5
100
100
30
5
10
40
250
250
30-60
200

ISRM
(2011)

Ayers &
The present
Westcot
study
(1985)
20-30
10-33
>5
0.6-8.4
<3
0.4-6.9
1917-4036
0.7
2.53-6.0
6.5-8.5 6.5-8.4
7.32-8.55
770-1530
114.23-260.52
137.98-300.85
<5
1.61-107.9
50
5.3-130.14
15
5
1.79-8.65
400
0.127-10. 35
0.7
0.068-0.922
200
250
96.0-1430.4
200
250
524.84-1899.41
200
436.62-887.32
12
6.47-38.39
3
31.32-62.50
111-5889

F2 (17.16 %)

Variables (axes F1 and F2: 87.42 %)

1
0,75
0,5
0,25
0
-0,25
-0,5
-0,75
-1

E.coli

T.H

TUR
E.C PO
PH4
NO3 DO
BOD5

GWQI

-1

-0,75 -0,5 -0,25

0

0,25

0,5

0,75

1

F1 (70.27 %)

Figure 1: General water quality variables responsible by Principal Component Analysis
(PCA).
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Variables (axes F1 and F2: 70.76 %)

1

TUR

BOD5

0,75

E.coli

F2 (21.01 %)

0,5
SO4

0,25

T.H

PH

0

NO3

-0,25

Ca

Mg
Na

DO

-0,5

E.C

Cl

-0,75

DWQI

-1

-1

-0,75

-0,5

-0,25

0

0,25

0,5

0,75

1

F1 (49.75 %)

F2 (25.53 %)

Figure 2: Drinking water quality variables responsible by Principal Component Analysis
(PCA).
Variables (axes F1 and F2: 58.14 %)

1
0,75
0,5
0,25
0
-0,25
-0,5
-0,75
-1

Cl E.C

K
Na

TDS

SAR
SO4

B+3
PH
TSS

IWQI

-1

-0,75

-0,5

-0,25

0

0,25

0,5

0,75

1

F1 (32.61 %)

Figure 3: Irrigation water quality variables responsible by Principal Component Analysis
(PCA).

Irrigation Water Quality Index (IWQI)
Water of the middle marshes falls under the fifth category (poor) for irrigation
(Table 5), as it recorded low values in all seasons and stations. This is due to the
rise of most variables responsible for the quality of water for irrigation purposes,
including the decrease of water levels in the marshes, rising temperatures which
increased concentrations of ions such as chlorine, sulfate, sodium, SAR and TDS in
addition to increased concentrations of pollutants from various sources, including
sewage plants.
Water affects soils and crops, particularly alkaloid soils, as sodium is one of the
most important variables that have a direct impact on water use for irrigation
purposes (Nishanthiny et al., 2010). Sodium adsorption ratio (SAR) is also
effective in estimating the water quality index for agriculture (Zhang et al., 2012).
Electrical conductivity also has effects on crop productivity due to the presence of
some plant-toxic ions such as boron (B+3), causing damage to the plant and public
health (ISRM, 2011). The results of PCA analysis (Figure 3) showed that SAR,
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sulfates, boron, sodium, pH and chloride were the most influential factors on the
value of the water index for irrigation purposes, followed by total suspended solids,
potassium, electrical conductivity and total dissolved solids due to elevated values
as compared with other studies (Shekha et al., 2017).
Table 5: The WQI CCME (GWQI, DWQI and IWQI) values and their descriptions at the
studied stations during the studied period.
Stations Seasons GWQI Description DWQI Description IWQI Description
St. 1

St. 2

St. 3

St. 4

St. 5

St. 6

Autumn
Winter
Spring
Summer
Mean
Autumn
Winter
Spring
Summer
Mean
Autumn
Winter
Spring
Summer
Mean
Autumn
Winter
Spring
Summer
Mean
Autumn
Winter
Spring
Summer
Mean
Autumn
Winter
Spring
Summer
Mean

29.82
31.34
31.86
31.54
31.14
27.79
45.27
42.68
41.06
39.20
37.09
47.18
46.85
37.33
42.12
26.66
41.65
33.52
32.35
33.54
24.97
48.13
48.11
35.65
39.22
45.60
50.5
49.26
48.47

Poor
Poor
Poor
Poor
Poor
Poor
Marginal
Poor
Poor
Poor
Poor
Marginal
Marginal
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Marginal
Marginal
Poor
Poor
Marginal
Marginal
Marginal
Marginal

14.84
12.44
13.89
14.87
14.01
13.41
20.37
17.26
15.10
16.53
13.34
20.47
16.63
16.71
16.78
12.51
19.48
11.67
16.44
15.02
13.39
17.44
18.11
16.73
16.42
17.22
18.53
21.89
19.21

Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor

38.51
38.14
38.40
32.80
36.96
33.69
38.81
40.64
39.74
38.22
33.11
38.63
40.45
35.79
36.99
33.19
38.35
40.38
40.53
38.11
31.94
38.33
40.67
36.07
36.76
37.83
40.43
36.72
38.33

Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor

Conclusions
The current study showed a marked increase in the values of some of the
measured variables (total hardness, BOD5, turbidity, TDS, TSS, sodium, sodium
adsorption ratio, chloride and magnesium) compared with the world permissible
values. This is due to the domestic sewage that discharges directly, without
treatment, to the marsh through Al-Ghameja and Al-Machri pumps stations. Large
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numbers of fecal coliform bacteria were recorded in all the studied stations,
especially the first and fourth stations, which indicated an increase in household
waste and sewage directly into the marsh. The study showed that the application of
WQI is a useful tool in assessing the overall quality of water, which gave a
straightforward interpretation of the monitoring data to help local people improve
water quality.
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Abstract: The current experiment was conducted in one earthen pond (2500
m2) at Agricultural Research Station of the Aquaculture Unit, College of
Agriculture at the University of Basrah, Al-Hartha District from 17 February to
10 June 2021. This experiment aims to investigate growth differences between
common carp cultivated in small cages (2 x 3 x 2 meter) located inside earthen
pond and those were released in the same pond. Effects of fish stocking density
inside small cages were also investigated. Four stocking densities were used
[100 fishes in cages 1 and 2 (T1); 150 fishes in cages 3 and 4 (T2); 200 fishes
in cages 5 and 6 (T3); 250 fishes in cages 7 and 8 (T4); while 1600 fishes were
stocked in the earthen pond (T5)]. Fishes were fed daily 3% of fish weight on
commercial sinking pellets manufactured by Agricultural Consultant Office of
the College of Agriculture. Total length and weight of fishes were measured at
the beginning and at the end of the experiment, while subsamples of fishes
were weighed periodically and daily feed changed after each weighing. Daily
feed was divided into three meals, the first one was given early at the morning,
the second one at mid-day and the third one at afternoon. Results of current
experiment revealed best growth criteria in T1 where average final weight was
750.5 g, average weight increment was 454.6 g, average daily growth rate was
4.33 g/day and average feed conversion rate was 2.77. Some of these criteria
showed significant differences (P≤0.05) between T1 and other treatments,
while feeding conversion rate (3.33) was achieved by fishes reared outside
cages in the pond. As a conclusion, it can be pointed out that growth criteria of
fishes reared inside cages were better than fishes reared outside cages and fish
stocking densities were not affecting growth criteria of fishes reared inside
cages.
Keywords: Cages, Condition factor, Length-weight relationship, Growth.

Introduction
Fishes are considered as one of an important highly value protein resources
around the world that comprise 20% of total consumed protein (FAO, 2016). Fish
production of aquaculture in 2018 comprised around 46% of total world fish
Received May 12, 2022, accepted June 14, 2022
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production, and it must be increased at least five times to face the increasing
demand of fishes during the next two decades (FAO, 2020). Expansion of
traditional fish culture projects leads to negative environmental effects because of
pollution that leads to reduce the capacity of these fish culture projects (Martins et
al., 2010). For this reason, new production systems must be improved to be depend
on little amount of water to reduce environmental effects, such as recirculating
aquaculture systems, RAS (Zachritz et al., 2008; Martins et al., 2010). It is well
known that the RAS projects need more treasury funds than traditional projects
(Schneider et al., 2006), so fish density must be too high in these projects to
increase fish production in small area and achieve benefits quickly (Martins et al.,
2005).
Recent country reviews of FAO support that the characteristics of fish ponds
make it very suitable to produce cultivated fishes in an inexpensive integrated way
(Hasan et al., 2007). Common carp, Cyprinus carpio is considered as one of the
most common species that generates a significant part of fish production in inland
freshwater environments. It was introduced to inland waters of different regions
around the world (Vilizzi et al., 2015). Khan et al. (2016) stated that the common
carp was introduced into many countries around the world, in addition to Asia,
Europe, Australia and North America. It was revealed that common carp farming
had a key role in the Blue Revolution at a global level (Gyalog et al., 2017).
Common carp in 2018 occupied the fourth place of the total world production
which consisted 7.7%, after grass carp Ctenopharyngodon idella that consisted
10.5% of world production, silver carp Hypophthalmichthys molitrix (8.8%) and
Nile tilapia Oreochromis niloticus which consisted 8.3% (FAO, 2020).
Badilles et al. (1996) pointed out that cultivated fish growth depends on many
factors, stocking rate and available natural food, were the most important. Fish
density is the important or key factor in determining the management of fish pond
including fish production (Hassan & Mahmoud, 2011). It is well known that the
competition for food increases with increasing stocking density. It is hardly to
consider optimum stocking densities for different species and for the same species
in different rearing systems, but also it is important to determine these densities in
order to improve fish performance and economic profitability of any aquaculture
system. Musa et al. (2010) stated that the data of optimum stocking density of
common carp are highly variable. Al-Daham et al. (1991) found that 0.17 fish/m2
stocking density of common carp provided superior results in respect to growth and
food conversion. Mehta et al. (2016) pointed out that fish production level of
existing practice of fish culturists may be enhanced up to 1.5 times with proper
stocking density.
Pond and cage fish culture is the main aquaculture systems in Iraq, but the
absence of correct understanding about the scientific fish culture and management
practices in Iraq, the common carp production per hectare is much lower than in
other countries around the world. The present study aims to evaluate the growth of
the common carp in different stocking densities, inside cages located in earthen
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pond and also comparing it with the growth of common carp outside cages in
earthen pond.
Materials and Methods
The current experiment was conducted in one earthen pond (2500 m3) at
Agricultural Research Station of the Aquaculture Unit, College of Agriculture of
the University of Basrah at Al-Hartha District, about 16 km northern-east of Basrah
Province (30o65`64.6"N, 47o 74`79.5"E) from 17 February to 10 June 2021.
Feeding experiment begin after eight days of fish acclimation. The current
experiment was conducted to investigate growth differences between common carp
cultivated in small cages (2 x 3 x 2 meter) located inside earthen pond and those
fishes which were released in the same pond. Effects of fish stocking density inside
small cages was also investigated. Four stocking densities were used [100 fishes in
cages 1 and 2 (T1); 150 fishes in cages 3 and 4 (T2); 200 fishes in cages 5 and 6
(T3); 250 fishes in cages 7 and 8 (T4); while 1600 fishes were stocked in the
earthen pond (T5)]. Initial average fish weigh was 295.9 g for T1, 234.2 g for T2,
257.5 g for T3, 209.6 g for T4 and 258.1 g for T5.
Fishes were fed daily 3% of fish weight on commercial sinking pellets
manufactured by Agricultural Consultant Office of the College of Agriculture by
using different ingredients (Fishmeal 25%, wheat flour 28%, wheat bran 25%,
barley 15%, soya meal 5% and vitamins-minerals premix 2%). Total length and
weight of fishes were measured at the beginning and at the end of the experiment,
while subsamples of fishes were weighed periodically and daily feed was changed
after each weighing. Daily feed was divided into three meals, the first one was
given early at the morning, the second one at mid-day and the third one at
afternoon.
Temperature, pH and salinity of the water of pond were measured at each
sampling period. Throughout this period, six sampling data were collected to
calculate the following equations:
Weight increments (WI, g) = FW – IW
Daily growth rate (DGR, g/day) = (FW – IW)/ days
Specific growth rate (SGR, %/day) = 100 * [(ln FW) - (ln IW)]/ days
Where: FW = Final fish weight (g); IW = Initial fish weight (g)
Length-weight relationship and condition factor were calculated for fishes at the
beginning and the end of the experiment for each treatment. The following equation
was used to calculate the length-weight relationship:
W= aLb (Pauly, 1983).
Where W= weight of fish in g, L= Length of fish in cm, a = the rate of change in
weight with length (intercept), and b = weight at unit length (slope).
The condition factors (K) were estimated by using the following equations:
1- Fulton’s condition factor, the value of K was calculated according to Froese
(2006) as K3 = 100 w/L3
2- Modified condition factor (Ricker, 1975) was estimated following Gomiero &
Braga (2005) as Kb = 100 w/Lb

207

Al-Dubakel et al.

3- Relative condition factor ‘Kn’ (Le Cren, 1951) was estimated following
Sheikh et al. (2017) as Kn = W/ ^W
Where W= the actual total weight of the fish in g, ^W= the expected weight
from length-weight relationship formula.
Statistical Analysis
The results of current experiment was conducted with a completely randomized
design, and the differences between the means were tested by analysis of variance
(ANOVA). The significant differences were tested by LSD test at 0.5% probability
level by SPSS program Ver. 26.
Results
Table 1 shows the measurement of water temperature which ranged from 17 0C
during Feb. to 27 0C during May and June, pH ranged between 7.8-8.0 and the
salinity between 3.14-4.01 psu.
Table 1: Environmental parameters during the experimental period.
Date
24 February 2021
18 March
8 April
29 April
20 May
10 June

Water temperature (°C)
17
21
25
26
27
27

pH
8.0
7.8
7.9
7.9
7.9
8.0

Salinity
(psu)
3.19
3.22
3.14
3.34
3.88
4.01

Table 2 illustrates the average fish weight with standard deviation during the
experiment. Average initial weight ranged from 193.8 g in cage 7 to 352.7 g in cage
2, while it was 258.1 g in the pond.
Table 3 illustrates the growth criteria of the five treatments in the experiment.
The highest average final weight (750.5 g) was achieved by T1, while the lowest
(592 g) was achieved by T2. Statistical analysis for FW showed significant
differences (P≤0.05) between T1 and other treatments, while there were no
significant differences (P>0.05) between the other treatments. The highest average
weight increment (454.6 g) was achieved by T1, followed with 395.4 g achieved by
T3 and the lowest average weight increment (347.9 g) was achieved by T5.
Statistical analysis for WI showed significant differences (P≤0.05) between T1 and
other treatments, while there were no significant differences (P>0.05) between the
other treatments. Fishes in T1 recorded the highest average daily growth rate (4.33
g/day) followed by T3 (3.77 g/day), while the lowest (3.33 g/day) was recorded by
T5. Statistical analysis for DGR showed significant differences (P≤0.05) between
T1 and other treatments, while there were no significant differences (P>0.05)
between the other treatments. The average specific growth rates recorded were
0.89, 0.88, 0.89, 1.00 and 0.81 %/day for T1, T2, T3, T4 and T5, respectively.
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Statistical analysis for SGR showed no significant differences (P>0.05) between all
treatments. Average feed conversion rates recorded were 2.77, 2.72, 2.50, 2.77 and
3.33 for T1, T2, T3, T4 and T5, respectively. Statistical analysis for FCR showed
significant differences (P≤0.05) between T5 and other treatments, while there were
no significant differences (P>0.05) between other treatments.
Table 2: Measurements of average fish weight during the experiment period.
Date
Treatment
T1C1

24 February
2021
239.2±103.2

309.5±180.9

404.5±220.4

467.6±260.8

551.2±290.4

680.3±315.0

T1C2

352.7±101.1

489.5±170.9

594.5±210.8

670.5±290.8

743.2±320.9

820.8±377.0

T2C3

229.1±118.5

263.6±150.9

333.3±170.6

400.3±190.8

492.6±220.8

598.6±239.1

T2C4

239.3±85.6

247.3±110.9

313.6±170.6

376.4±195.8

454.2±210.6

585.5±256.2

T3C5

280.1±175.6

296.3±120.9

367.6±170.6

421.4±195.2

517.2±200.8

650.9±223.5

T3C6

235.0±183.5

296.3±130.9

367.6±180.5

421.4±220.6

517.2±240.8

655.0±270.9

T4C7

193.8±99.8

285.7±131.9

329.9±170.5

468.9±210.7

519.2±244.6

576.0±314.7

T4C8

225.5±100.1

244.1±111.7

327.3±171.5

397.3±201.7

510.4±214.2

616.6±247.0

T5

258.1±140.5

329.0±148.7

373.9±212.8

420.1±268.9

500.0±300.0

606.0±354.8

18 March

8 April

29 April

20 May

10 June

Table 3: Growth criteria of different treatments in the experiment.
Treatments
T3
C1
C2
C3
C4
C5
C6
FW
680.3
820.8
598.6
585.5
650.9
655.0
Average
750.5a
592.0b
652.9ab
WI (g)
441.1
468.1
369.5
346.2
370.8
420.0
Average
454.6a
357.8b
395.4b
DGR (g/day)
4.20
4.46
3.52
3.30
3.53
4.00
Average
4.33a
3.41b
3.77b
SGR (%/day)
0.99
0.80
0.91
0.85
0.80
0.98
Average
0.89a
0.88a
0.89a
FCR
2.67
2.88
2.72
2.73
2.62
2.37
Average
2.77a
2.72a
2.50a
Different letters in each row indicate significant differences (P≤0.05).
Growth Criteria

T1

T2

T4
C7
C8
576.0
616.6
596.3b
382.2
391.1
386.6b
3.64
3.72
3.68b
1.04
0.96
1.00a
2.92
2.62
2.77a

T5
606.0b
347.9b
3.31b
0.81a
3.33b

Table 4 shows data on length and weight of common carp before and after the
experiment. In all treatments there was an increase in total length and weight. The
highest increase (9.3 cm) in total length was achieved by T4, followed by T1, T2
and T3 with an increase of 9.2 cm, while lowest increase was 8.4 cm by T5. Figure
1 pointed out the length-weight relationship for fishes before the experiment. There
was a negative allometric pattern of growth (b less than 3) in the five treatments as
b values were 2.8788, 2.7455, 2.8999, 2.9485 and 2.7959 for T1, T2, T3, T4 and
T5, respectively. Figure 2 points out the length-weight relationship for five
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treatments after the end of experiment with positive allometric pattern of growth (b
more than 3) in the treatments, where b values were 3.5704, 3.4817, 3.1702, 3.3724
and 3.3502 for T1, T2, T3, T4 and T5, respectively. Table 5 points out the
parameters of the length weight-relationship for common carp before and after the
experiment. Statistical analysis showed that there were no significant differences
(P>0.05) between values of b with value 3 (Isometric pattern of growth) of common
carp before and after the experiment for the five treatments.
Table 4: Data of length and weight of common carp before and after the experiment.
Treatments
Before experiment
T1
T2
T3
T4
T5
After experiment
T1
T2
T3
T4
T5

1000

Length range
(cm)

Weight range
(g)

Mean length
(cm)

Mean weight
(g)

20.6-34.5
17.9-35.0
16.7-38.1
18.1-32.8
16.2-34.2

144-742
104-682
91-943
75-541
87-781

26.2
23.7
23.8
23.0
24.2

304.4
234
258.8
208.2
254.9

23.0-51.0
28.2-43.8
23-42.2
29.2-48.0
25.2-47.4

185-2890
275-1325
185-1250
334-1840
205-1720

35.4
32.9
33.0
32.3
32.6

750.5
592.0
652.9
596.3
606.0

T1

T2

T3

T4

Pond

900

800

Weight (g)
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Figure 1: Length-weight relationship for treatments of common carp before the experiment.
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Figure 2: Length-weight relationship for treatments of common carp after the experiment.
Table 5: Equation parameters of length-weight relationship for common carp before and after
the experiment.
t value
Treatments
a
b
R2
Significance of t
(calculated)
Before experiment
T1
0.0240
2.8788
0.9700
0.940
0.258
T2
0.0374
2.7455
0.9355
1.210
0.219
T3
0.0232
2.8999
0.9665
1.347
0.203
T4
0.0189
2.9485
0.9137
1.271
0.212
T5
0.0318
2.7959
0.9601
1.613
0.176
After experiment
T1
0.0018
3.5704
0.9362
0.727
0.299
T2
0.0025
3.4817
0.8848
1.074
0.238
T3
0.0077
3.1702
0.8256
0.797
0.285
T4
0.0040
3.3724
0.8969
0.698
0.306
T5
0.0040
3.3502
0.9713
2.270
0.132

Table 6 shows three models of condition factors for common carp at the
beginning and the end of the experiment. The results show little differences in the
value of K3 and Kn before and after the experiment, while there were notable
differences in the values of Kb (range differs from 1.90-3.76 before the experiment
to 0.19-0.79 after the experiment) related to differences in the value of b. Statistical
analysis proved that there were significant differences (P≤0.05) in modified
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condition factor (Kb) between some of the five treatments at the end of the
experiment, while there were no significant differences (P>0.05) in relative
condition factor (Kn) and Fulton’s condition factor (K) in all the treatments.
Table 6: Condition factors of common carp before and after the experiment.
Treatments
Before experiment
T1
T2
T3
T4
T5
After experiment
T1
T2
T3
T4

Modified condition factor
Kb= 100 W/ Lb

Condition factors
Relative condition
factor
Kn= W/ W^

Fulton’s condition
factor
K3= 100 W/ L3

2.41c±0.15
3.76a±0.36
2.33cd±0.24
1.90d±0.22
3.20b±0.31

1.00a±0.06
1.00a±0.10
1.01a±0.10
1.01a±0.11
1.01a±0.10

1.62a±0.10
1.69a±0.18
1.70a±0.18
1.62a±0.18
1.68a±0.17

0.19c±0.03
0.25c±0.03
0.78a±0.12

1.05a±0.16
1.00a±0.13
1.01a±0.16

1.46a±0.26
1.39a±0.19
1.43a±0.22

0.41b±0.07

1.02a±0.17

1.56a±0.27

T5
0.79a±0.07
0.99a±0.08
Different letters in each row indicate significant differences (P≤0.05).

1.38a±0.3

Discussion
Stickney (2000) stated that cultivated fishes are affected by many environmental
factors, such as water temperature, dissolved O2, salinity, pH and ammonia
concentration, whether in an open environment or in RAS systems. The feeding
requirements of cultivated fishes differ greatly according to many factors such as
species, fish size and other environmental parameters such as water temperature,
physiological situation, stress and balance feed (Piska & Naik, 2013). Many
researchers around the world stated that optimum water temperature for cultivation
of common carp ranged between 25 and 28 °C (Korwin-Kossakowski, 2008). It
was suggested that the desirable range of water temperature for common carp
culture in ponds was from 20 to 30 °C (Bhatnagar & Devi, 2013; Mocanu et al.,
2015; Oprea et al., 2015). In the current experiment, most environmental factors
were as optimum factors for growth.
Results of the current experiment revealed many facts for cultivation of common
carp in high densities to achieve good economic income. It has illustrates that
increasing fish stocking density in small cages don’t affected growth criteria and
also feed conversion. Taher & Al-Dubakel (2020) stated that growth criteria of
common carp cultivated in earthen ponds were decreased significantly (P≤0.05)
with increasing fish stocking densities. For early stages of common carp, there were
mostly negative relationship between fish stocking densities and growth criteria
(Irwin et al., 1999; Usandi et al., 2019). Many studies found that low fish density of
common carp exhibited high weight gain (Musa et al., 2010; Hossain et al., 2014;
Rumpa et al., 2016). The results of these studies may be attributed to the
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availability of natural food that decreased with increasing stoking density. Anadu &
Nwokoye (1993) stated that common carp stocked at 9 fish/ m2 and above might
likely resulted in poor growth because of poor feed conversion. Ble et al. (2011)
stated that the growth and final average weight were much affected by high density
treatment than the yield in situation of low availability of food resources. Shafiullah
et al. (2019) reported significantly higher (P<0.05) production in high density.
Growth criteria are not affected by stocking density in the current experiment,
may be due to that natural food doesn’t play any important role inside cages.
Another fact noticed in the current experiment was the low growth of fishes reared
in pond outside cages compared with fishes reared inside cages, in spite of natural
food that found in pond. This result may be attributed to less movement energy lost
by fishes reared inside cages comparing with fishes reared outside cages. It was
found that fast and strong continues water currents affect growth performance and
inhibit digestion (Farrell et al., 2001; Hvas et al., 2021).
Growth criteria in the current experiment differ from criteria of other
experiments. Weight increment ranged between 347.9 and 454.6, DGR between
3.31-4.33 g/day, SGR between 0.81 and 1.00 %/day and FCR between 2.67 and
3.33. Common carp showed SGR of 0.71, 0.87 and 0.76 %/day when fed on three
diets of different protein ratios 25, 30 and 35%, respectively (Al-Jader & AlSulevany, 2012). Taher et al. (2014) recorded WI of 186.8 g, DGR of 3.16, SGR of
1.85 %/day and FCR of 2.63 for common carp cultivated in floating cages on 5%
feeding ratio. Mirror carp (C. carpio) recorded SGR of 4.95 and 4.80 %day-1 in
two densities during 90 days (Hossain et al., 2014). Taher et al. (2018) revealed
SGR of 2.44 %/day and FCR of 2.12 for common carp reared in semi-closed
system for 52 days. Taher (2020) recorded WI of 484.5-411.4, DGR of 4.07-8.21
g/day and FCR of 2.56-7.07 when investigated four imported floating pellets.
Albahadly et al. (2021) recorded WI of 178.4 g, DGR of 2.35 g/day and SGR of
0.23%/day for ungraded common carp cultivated in floating cages. The differences
between results of the current study with other studies may be attributed to
differences in initial weights and period of cultivation.
The length-weight relationship is an important tool for fishery management, and
it may differ for the same species in the population due to many factors such as
feeding and reproduction activities. Results of the current experiment revealed that
the growth pattern of carp was negative allometric before experiment for all
treatments, while it was positive allometric after experiment. The modified
condition factor (kb) was also different, while other two condition factors did not
differ between before and after the experiment. Kadhar et al. (2014) recorded
negative allometric growth for common carp cultivated in different ponds at
Bhavanisagar, Tamil Nadu, India, while Singh et al. (2015) recorded positive
allometric growth (b=3.097) for common carp reared in Bengal with relative
condition factor (Kn) varied from 0.93 to 1.10 in males and 0.95 to 1.19 in females.
Rashid et al. (2018) recorded negative allometric growth (b = 2.574) for
common carp stocks from Taqtaq Region of Little Zab River, Northern Iraq.
Similar results have been found for the common carp population of Lake İznik
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(b=2.830) by Tarkan et al. (2006) and Gölhisar Lake (b=2.874) by Alp & Balık
(2000). Positive allometric growth (b>3) was observed for some populations of
common carp in Almus Dam Lake (b=3.319) and Ömerli Reservoir (b=3.140) by
Karataş et al. (2007) and Vilizzi et al. (2013), respectively. Das et al. (2019) studied
the length weight relationship of common carp in the river Ganga, Allahabad, India
and found b = 2.7805 with relative condition factor of more than 1 in both sexes.
These variations in b value may be attributed to differences in age, maturity and
sex. Bagenal & Tesh (1978) pointed out that geographic location, environmental
conditions, seasonality, stomach fullness, disease and parasite loads can affect the
value of b.
Conclusions
From results of the current experiment, it can be concluded that growth criteria
and feed conversion ratio of the common carp reared inside the cages was better
than fishes outside cages, and fish stocking densities inside the cages did not
affected growth criteria and feed conversion rate of reared fishes.
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Abstract: The present study was carried out to evaluate the effect of different
levels of dietary taurine (0%, 1%, 2% and 3%) on grass
carp Ctenopharyngodon idella fingerlings during salinity stress. Fishes (1.738.57 g) were fed a diet up to satiation twice daily for ten weeks in four
treatments: T1, T2, T3 and T4. At the end of the feeding trial, fishes were
stressed by exposure to 10 PSU salinity for 14 days during which fish survival
rates, total protein, glucose, oxygen and energy consumption were observed.
The results showed that there were no significant differences (P>0.5) in the
survival rates between treatments, which ranged from 73.3% to 93.3%. Total
protein and glucose were significantly (P≤0.05) improved by a dietary taurine
diet after 14 days of salinity stress in T2 and T3. Taurine supplementation
significantly (P≤ 0.05) influenced oxygen consumption with the highest value
observed for T1 (255.8 mg O2/kg/hr) and T2 (213.6 mg O2/kg/hr), while the
lowest value was in T3 (131.5 mg O2/kg/hr) and T4 (112.4 mg O2/kg/hr) after
14 days of salinity stress. Energy consumption rates were significant (P≤0.05)
different between the treatments on the 14th day, T1 (0.85 kcal/kg/hr)
significantly exceeded the other treatments, followed by T2 (0.72 kcal/kg/hr),
T3 (0.44 kcal/kg/hr) and T4 (0.38 kcal/kg/hr). It appeared that taurine could be
used as a feed supplement to confirm better energy consumption and blood
biochemical parameters during salinity exposure of grass carp fingerlings with
the optimal level of a 2% and 3% diet.
Keywords: Fingerlings, Grass carp, Glucose, Oxygen consumed, Total protein,
Salinity stress

Introduction
In regions where fresh water is scarce, fish farming in brackish or salt water can
provide a source of extra income (DiMaggio et al., 2009; Marengoni et al., 2010).
Water salinity stress is one of the most common stresses that occasionally occurs in
freshwater fishes and, if prolonged, can reduce production efficiency or lead to
death. In many studies, freshwater fishes, exposed to high salinities, were able to
change the internal osmolarity of the plasma, allowing an overflow of water. Carps
and most other bony fishes can regulate a narrow range of ionic concentrations in
their internal body fluids (Luz et al., 2008; Lawson & Alake, 2011; Alkhshali &
Received May. 20, 2022, accepted June 23, 2022
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Alhilali, 2020). In some parts of Basrah province, the water salinity of fish ponds
may be higher than usual in some months of the year. Therefore, grass carps as
freshwater fishes may be exposed to salinities higher than the normal range and are
considered to have a limited ability to withstand changes in salinity. They are
exposed to high levels of salinity or above normal, which can cause significant
economic losses in the field of fish farming, especially in countries like Iraq, which
suffers from clear climatic variability and a decrease in water levels, which leads to
a difference in salinity levels in inland waters, causing a threat to this important
economic aspect (Al-khshali, 2011).
The amino acids that play a vital role in the ability of fishes to adapt to salinity
include arginine, aspartic acid, glycine, serine and taurine. In addition, many studies
indicated that non-essential amino acids are more important than the essential
amino acids in the process of osmotic regulation of fishes (Hosoi et al., 2008; Li et
al., 2009; Aragặo et al., 2010; Salze & Davis, 2015). Taurine synthesis varies
greatly between fish species and has been shown to play a significant role in the
aquaculture feeding of freshwater and marine fishes. Animal proteins are rich in
taurine, whereas, plant proteins are deficient in taurine (Sundararajan et al., 2014).
So, it may require a plant-based protein food, fish feeder exogenous taurine to
maintain physiological functions (El-Sayed, 2014). Taurine represents 30-50% of
the total amino acids, depending on the species of animal. It is concentrated mainly
in the heart, retina, skeletal muscles, brain, large intestine, plasma and blood cells in
mammals (Jacobsen & Smith, 1968; Huxtable, 1992; Schuller-Levis & Park, 2003).
There were many local studies on grass carp. Taher et al. (2022) studied the
effect of some food additives (thebax and vitamin C) on the growth parameters of
grass carp fingerlings. Laboratory experiments were also conducted for the
cultivation of grass carp, which indicated that the best protein level in the prepared
diets was 25% (Taher, 2017). Al-khshali (2011) showed a high rate of oxygen
consumption and energy with the high salinity in both grass carp and goldfish
Carassius auratus. The current study aims to determine the effect of taurine on
survival rates and energy consumption parameters of grass carp fingerlings during
salinity stress.
Material and Methods
Experimental Fishes
Fingerlings of grass carp C. idella (4.27±1.28 g) were obtained from a local fish
farm located in Al-Musharrah District, Maysan Province. All handling and
treatment procedures were conducted according to the ethical requirements. Upon
arrival at the laboratories of the Department of Fisheries and Marine Resources,
College of Agriculture, the fishes were reared in glass tanks with circulating fresh
water for ten days. The dissolved oxygen was maintained above 7 mg/l by
continuous air pumping. During acclimatization, the fishes were fed to satiation
once daily at 09:00 with a commercial diet (25.35% protein). A total of 180 fishes
were sterilized with saturated saline (NaCl) to get rid of pathogens and parasites
(Herwig, 1979).
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Diet Formation
The diet was prepared according to Lovell (1989). The proximate chemical
composition of the experiment diets includes 25.35% protein, 3.54% lipids, 11.63%
ash, 2.96% fibre, 44.99% carbohydrates and 11.26% moisture. Four experimental
diets, using a fish meal and soya meal as the main protein source, were prepared: a
basal diet (T1) and three diets (T2, T3 and T4) supplemented with 1%, 2% and 3%
of taurine. The dietary ingredients were mixed in a feed mixer and moistened with
the addition of 50% (w/v) water (75 ºC) and then converted to pellets. Then the diet
was formed by using a 50 ml plastic syringe, dried in the laboratory for two days,
placed in plastic bags and stored at 5 ºC until used.
Experiment Design
The experiment was carried out in the laboratories of the Department of
Fisheries and Marine Resources, College of Agriculture. One hundred and eighty
grass carp fingerlings (4.27±1.28 g) were randomly divided into four groups. Fishes
were fed supplementary diets with different levels of taurine (0%, 1%, 2% and 3%)
for ten weeks. At the end of the feeding trial, fishes were stressed by exposure to
10 PSU salinity for 14 days in 12 glass tanks (30 × 40 × 60 cm). Samples of fishes
were taken after the 1st day, 7th day and 14th day for physiological measurements
(glucose and total protein).
Survival Rate
The survival rate was expressed as a percentage of total fishes tested and
calculated according to the following equation:
Number of fishes at the end of the experiment

Survival rate = Number of fishes at the beginning of the experiment ×100
Blood Collection
After the 1st day, 7th day and 14th day, the fishes were anesthetized and blood
samples were collected from the fishes. For blood collecting, bleeding was done
from the caudal peduncle vein (Svobodová et al., 1991). Blood samples were
immediately transferred to sterile tubes and the serum was separated by
centrifugation (3000 rpm for 2-3 minutes).
Serum Glucose Content
The China Bene Check devices were used to measure the level of glucose in the
blood. A drop of blood was placed on the tape of the device, which was installed in
its proper location, and the result was read directly. The glucose level was
measured in g/dl.
Serum Total Protein Content
The attached instructions, along with the used kit from the French company
Biolabo, were followed to estimate the total proteins in the serum. The samples
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were read by using a spectrophotometer at a wavelength of 550 nm, according to
the method of work attached by the company, as shown in the following equation:
Protein concentrate (g/dl) =

Sample
× 6/100ml
Standard

Oxygen and Energy Consumption
Oxygen consumption rates of grass carp fingerlings were determined according
to Nordlie & Leffer (1975) on the 1st day and 14th day. Individual fishes were
placed in a 1 L closed opaque chamber for 24 hours to acclimate them to their new
conditions. Compressor air was added to maintain oxygen-saturated conditions.
Following chamber acclimation, the chamber was sealed. Oxygen concentrations
from water samples were determined by utilizing an oxygen meter electrode.
Additional water samples were collected from each chamber and oxygen
concentration was determined at half-hour intervals. Chamber oxygen was not
allowed to drop below 3.3 mg/l. Following oxygen concentration measurements,
fishes were removed and weighted to determine oxygen consumption rates. The
oxygen consumed was estimated at mg O2/kg/hr. According to Brett (1972), the
consumed oxygen was converted into energy according to the following equation:
1 mg O2/kg/hr is equivalent to 0.00337 kcal/kg/hr.
Statistical Analysis
Complete Random Design (CRD) was used to study the effect of different
treatments on the studied traits by analysis of variance (ANOVA). The significant
differences between the means were compared with LSD under the significance
level of 0.05. The program SPSS (Version 26) was used in the statistical analysis.
Results
Survival Rate
There were no significant (P>0.5) differences between treatments when fishes
were transferred to a saline concentration of 10 PSU throughout the salinity stress
period. T1 and T4 had the lowest survival rate on the 14th day of the transfer
(Figure 1).

Survival Rates (%)

Effect of taurine on grass carp fingerlings during salinity stress

100
90
80
70
60
50
40
30
20
10
0
T1
T2
T3
T4

1st
93,3
93,3
86,7
93,3

7th
86,7
93,3
86,7
86,7
Time (day)

222

14th
73,3
86,7
80,0
73,3

Figure 1: Survival rates of grass carp fingerlings in different treatments during the
salinity stress period.

Serum Glucose Content
Significant differences (P≤0.05) were observed between treatments on the 1st
day of salinity stress. T1 is higher than T2 and T4, but there were no significant
differences (P>0.5) between T1 and T3. T1 was significantly (P≤0.05) higher on
the 7th and 14th days after salinity stress compared to the other treatments, followed
by T4. On the 14th day of salinity stress, there were no significant differences
(P>0.5) between T2 and T3 on the 14th day (Figure 2).

Figure 2: Blood glucose content (g/dl) of grass carp fingerlings in various treatments
during the salinity stress period.
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Serum Total Protein Content
The total protein content in blood serum on the 1st, 7th and 14th days of
salinity stress is shown in Figure 3. The T4 was significantly (P≤0.05)
superior to the other treatments on the 1st day, while there were no significant
differences (P>0.5) between the treatments on the 7th day. There were
significant differences (P≤0.05) between T1 (0.93 g/dl) and T2 (1.81 g/dl) on
the 14th day of the salinity stress period, and there were no significant
differences (P>0.5) between T2 (1.81g/dl), T3 (1.7 g/dl) and T4 (1.15 g/dl).
The highest value was obtained in T2, while the lowest value was observed in
T1.

Figure 3: Total protein content (g/dl) of grass carp fingerlings in different treatments
during the salinity stress.

Oxygen Consumption Rate
Oxygen consumption of grass carp fingerling (mg O2/kg/hr) increased during the
salinity stress period (Figure 4), Salinity exposure increases oxygen consumption in
T1 from 144.5 mg O2/kg/hr on the 1st day of exposure to 250.8 mg O2/kg/hr on the
14th day and in T2 from 95.7 mg O2/kg/hr to 213.6 mg O2/kg/hr on the 14th day of
exposure. While the changes in oxygen consumption rate were less in T3 and T4
during the 1st and 14th days of exposure, which were 99.4 to 131.5 mg O2/kg/hr
(T3) and 116.4 to 112.4 mg O2/kg/hr (T4).

Oxygen Consumed
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Figure 4: Oxygen consumption rate (mg O2/kg/hr) of grass carp fingerlings in different
treatments during salinity stress.

Energy Consumed

Energy Consumption
Figure 5 shows that the energy consumption rate of grass carp fingerlings was
increased on the 14th day of salinity exposure compared to the 1st day in T1, T2 and
T3, while it was decreased in T4. There were significant (P≤0.05) differences
between the treatments on the 14th day. T1 (0.85 kcal/kg/hr) significantly exceeded
the other treatments, followed by T2 (0.72 kcal/kg/hr), T3 (0.44 kcal/kg/hr) and T4
(0.38 kcal/kg/hr).
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Figure 5: The rate of energy consumed (kcal/kg/hr) of grass carp fingerlings in different
treatments during salinity stress.

225

Salman & Sultan

Discussion
Survival Rate
The current study results indicated that there were no significant differences
(P>0.5) between the treatments. These results are consistent with those of AbdelTawwab & Monier (2018), who observed no significant difference in the survival
rate of the common carp fed taurine-supplemented or control diet. However, the
current study did not agree with Jaaffar (2010) findings that grass carps have a
limited tolerance to sudden increases in salinity, with a survival rate of 0% recorded
at a salinity of 10 PSU. Furthermore, Saoud & Al-Shami (2006) demonstrated that
a sudden salinity increase to 9 PSU was lethal to grass carp within 48 hours,
whereas the same species was able to maintain a concentration of 8 PSU during a
168-hour experiment.
Serum Glucose Content
Serum biochemical parameters are important indicators of fish physiological
stress and can be used to promote fish health management (Lermen et al., 2004;
Jian et al., 2003). Environmental stress exposure in fish necessitates energy supply,
and glucose is an energy source derived from metabolism (Cho et al., 2015; Liu et
al., 2020). The current results showed that in grass carp fingerlings serum glucose
content significantly decreased after the 14th day of salinity exposure. This indicates
a stronger energy demand in grass carp adaptation to a hypertonic environment. T2
and T3 were lower than in the other treatments, which may imply that the fishes in
those treatments were more stressed, and had a greater energy demand. This is
consistent with Magalhães et al. (2019), who demonstrated that taurine can lower
blood glucose levels by interacting with insulin receptors. They also found that
taurine supplementation causes a decrease in the level of glucose in the blood of
white seabream Diplodus sargus. However, the results of Rodrigues et al. (2020)
are not agreeable with the results of the current study, as they reported that taurine
supplementation did not affect the physiological parameters of the blood, including
glucose level in the pirarucu Arapaima gigas. The high blood sugar level in T1 can
be attributed to the production of glucose after exposure to salt stress, which
contributes to stimulating the process of building glucose from non-sugar materials
(glyconeogenesis in the liver), in addition to taking glucose from the body (Nelson
& Cox, 2005).
Serum Total Protein Content
External stressors cause physiological responses in fishes, such as changes in
blood properties or indicators of energy consumption. Measuring the level of
protein in the blood is one of the important indicators which can reflect the level of
salt stress to which fishes are exposed (Martínez-Porchas et al., 2009).
After salinity exposure, the total protein content of grass carp fingerlings in T1
and T4 decreased and was significantly lower than in T2 and T3. It is possible that
the protein biosynthesis in the T1 and T4 was inhibited, or the biosynthesized
proteins were utilized for metabolic purposes, for example energy supply
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(McDonald & Milligan, 1992; Priya et al., 2012). The current study results suggest
that a decrease in serum total protein levels with an increasing period of salinity
exposure may be due to a decrease in fish appetite and a lack of food intake during
salinity exposure, which negatively affects the rate of protein assimilation in the
body (Plaut, 1998). High salinity leads to an increase in the metabolic rate, to fill
the high demand for energy to maintain the ionic and osmotic balance in the new
environment (Morgan & Iwama, 1991).
The decrease which occurred to a greater degree in the T1 (0% taurine)
compared to the other treatments is supported by the fact that taurine has a positive
effect on protein levels. This is consistent with Huang et al. (2021) who found that
the level of total protein in taurine-free treatment was lower than in other taurinesupported treatments.
The results of the current study did not agree with Rodrigues et al. (2020), who
showed that taurine supplementation did not affect the level of total protein and
other physiological parameters in the pirarucu A. gigas.
Oxygen Consumption and Energy Consumption Rate
The current study found that the rate of oxygen and energy consumption in the
T1 is higher than in other taurine-supported treatments. This indicates that the
addition of taurine has a positive effect on grass carp fingerlings in reducing the
rate of oxygen consumption and the amount of energy when exposed to salt stress.
This is in agreement with Yang et al. (2013), who showed that dietary taurine can
improve the tolerance of hypoxia in grass carp juveniles.
The change in salinity level is one of the most important factors affecting the life
of fishes, because of its direct effect on metabolic rate, oxygen consumption,
growth and survival rate (Jian et al., 2003). According to Dube & Hosetti (2010),
one of the physiological responses to salt stress in fishes is a change in the
respiratory rate. This was evident from the change in the rate of oxygen
consumption, which was often used to estimate the metabolic rate under conditions
of environmental imbalance. The difference in the rate of oxygen consumption that
occurs as a result of a change in salinity is due to increased activity in the active
transport of ions, which increases energy requirements to complete the process of
osmotic regulation (Sangiao-Alvarellos et al., 2003).
The active metabolism of oxygen consumption during stress to salinity, needs
additional energy to modify and stimulate the ion transport mechanisms in fishes. A
sufficient supply of energy at the right time is required to operate the mechanisms
of osmotic and ionic regulation in fishes where metabolic reorganization and
alterations in the intermediate metabolic pathways occur to meet the growing
demand for associated energy, adapt to the new environmental salinity (Mayzaud &
Conover, 1988; Gracia-López et al., 2006; Rocha et al., 2007; Tseng & Hwang,
2008).
The gills are assumed to be the most energy-consuming organs in fishes exposed
to high salt concentrations. The energy needs are met by the oxidation of glucose
and lactate obtained from the blood circulation. The liver is the main site of glucose
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processing in fishes (Perry & Walsh, 1989). Elevated liver metabolism in saltwater
acclimatized fishes leads to the preparation of the base material for the energy
necessary for metabolic processes in the gills (Nakano et al., 1997).
The results of the current study are consistent with those of Al-khshali (2011),
who found that increasing salinity had increased the rate of oxygen and energy
consumption in grass carp and goldfish. According to Jaaffar (2010), increasing
salinity levels resulted in a significant increase in the rate of oxygen consumption,
which was accompanied by a significant increase in the amount of energy expended
in both grass carp and common carp.
Conclusions
The current findings indicated that taurine has no effect on the survival rates of
grass carp fingerlings when exposed to a saline concentration of 10 PSU, but it does
contribute to an increase in total protein concentration, lowers the level of glucose
in the blood serum and slows the rate of oxygen and energy consumption when
grass carp fingerlings are exposed to salt stress.
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