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ABSTRACT: The current study was conducted in the period from July 2022 until June 2023 to test the 

seasonal biological, chemical and physical changes of the Tigris River water and the effect of its passage 

through the city of Tikrit on changing these properties. The results showed that electrical conductivity had 

differences in temporal and spatial values, with the lowest value in the summer and the highest value in the 

winter. The turbidity had significant differences in the temporal and spatial values at the study stations, the 

lowest value in the winter and the highest value in autumn. The results also indicate that there are no significant 

differences in the temporal and spatial pH values at the probability level of p ≤ 0.05. The lowest value was in 

the winter and the highest value in the summer. The results also showed significant differences in the temporal 

and spatial values of total soluble solids. The value was lowest in the autumn and the highest value in the 

winter. Dissolved oxygen also had differences in spatial values, with the lowest value in the summer and the 

highest value in the winter. The results also recorded that the total basicity had differences in spatial values, 

where the highest value was in the winter and the lowest value in autumn. Likewise, the results for chloride 

ion recorded non-significant differences in the temporal and spatial values, where it reached the highest value 

in the winter and the lowest value in the summer. The results also showed that sulfate had differences in 

temporal values, reaching the highest value in the winter and the lowest value in summer.It was also observed 

that some types of algae were dominant in the study stations, such as: Oedogonium Spp and Navcula Spp. and 

Cladophora Spp. and Netrium sp. and Ulothrix sp. 

 

 

 

1. Introduction 

Algae are living organisms whose name comes from the 

Latin Algology or the Greek term Phycology, derived 

from the Greek word Phykos meaning seaweed or 

seaweed [1]. Algae are a group of self-trophic organisms 

characterized by the fact that they contain photosynthetic 

pigments. They are thallus plants (that is, their bodies are 

not divided into true roots, stems, and leaves, as is the 

case in vascular plants). Algae are among the largest 

plant phyla in terms of number. Their types and densities 

on Earth [2]. Algae are also considered one of the main 

products in aquatic systems and are one of the food 

sources for fish larvae and other aquatic plankton [3]. It 

contains chlorophyll a as a basic pigment in its 

composition, in addition to various other pigments. 

These pigments give it multiple colors and may 

overpower the green chlorophyll pigment [4]. Algae vary 

in size, from single cells so small that they cannot be seen 

with the naked eye to complex structures, multi-celled 

seaweeds up to several meters in length. Algae may be 

unicellular (motile or non-motile), colonies (motile or 

non-motile), filamentous (branching or non-branching), 

and may be of irregular shape (i.e. cell clusters) [5]. 

  Algae are found in different environments. Most algae 

are aquatic. Some of them live in salt water and some live 

in fresh water in a form suspended within the water 

column called plankton, or in a form attached to a surface 

like plants, or they live on the bottom known as benthic. 

Some of them live in the dirt. In wetlands, on rocks or 

tree trunks, the other group also lives symbiotically with 

fungi, known as lichen [6]. 

2. Materials and methods 

 samples collection 

Water samples were collected from five locations at 

different distances on the Tigris River passing through 
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the city of Tikrit within Salah al-Din province during 

four seasons (summer, autumn, winter, and spring), 

starting from July 2022 until June 2023, where samples 

were taken at a depth of about 10 cm. from the surface of 

the water and placed in 5-litre polyethylene bottles, after 

being washed twice with sample water at each station. 

Winkler bottles with a capacity of 250 ml were also used 

for the purpose of measuring the amount of oxygen 

dissolved in the water, and measuring the vital 

requirement for oxygen. The bottles were filled to their 

full capacity and without any air bubble so that the 

transportation process and the movement of the water 

would not affect changing a number of properties. The 

plastic bottles were closed well and the necessary 

information was recorded. Each bottle was then 

transferred to a 4C° refrigerator to conduct physical and 

chemical analyses. Various samples of phytoplankton 

were also collected using the network designated for 

collecting phytoplankton and algae. The samples were 

then transferred to the laboratory for examination and 

diagnosis. All of the aforementioned analyzes were 

conducted in the graduate laboratory of the Life Sciences 

Department, College of Education for Pure 

Sciences/University of Tikrit, the College of Engineering 

(Chemical Engineering Department), and the Salah al-

Din Water Department (Quality Control Department). 

Physical and chemical tests: 

Electrical Conductivity 

I use a Professional Benchtop conductivity meter type 

BC3020 after calibrating the device, and the results are 

expressed in µS/cm. The measurement was done directly 

during sampling. 

Turbidity 

A HANNA-LP 2000 Turbidity meter was used to express 

the results in Nephelometer Turbidity Unit (N.T.U.). The 

samples were shaken before measuring the turbidity for 

homogenization, and two average readings were taken 

for each sample. 

pH 

The pH measurement was taken using a Professional 

Benchtop pH meter, type BP3001, and the device was 

calibrated before measuring by using solutions with a pH 

of (4,7,9). The measurement was done directly during 

sampling. 

Measurement of total dissolved solids (TDS) 

The method described by the American Public Health 

Association [7], was followed by filtering 100 ml of the 

sample through 0.45 micrometer filter paper, then 

evaporating the filtrate in an oven at a temperature of 

(103-105) C to estimate the value of dissolved solids, and 

the results were expressed in units of milligrams per liter.  

Measurement of dissolved oxygen (DO): 

Dissolved oxygen was measured in the laboratory using 

a device (Oxygen meter lovibond) made in Germany and 

according to the method described in [7]. The device was 

calibrated at each reading by calibrating it with the 

amount of oxygen in the atmospheric air. The device 

reads (20.9), which is a quantity Oxygen in the 

atmospheric air, then the reading is converted to mg/L, 

and the oxygen in the water is measured. 

Total Alkalinity 

The total basicity was determined according to the 

method described by Welch [8], and the results were 

expressed in CaCO3 in units (mg/L). 50 ml of the sample 

was taken and 3 drops of methyl orange indicator were 

added to it and flushed with sulfuric acid (0.02 N) until 

the color changed to Pink and take an average of two 

readings. The basicity of calcium carbonate (CaCO3) is 

calculated according to the equation: 

T.Alk mg/l=(V   ×  N   ×  1000  ×Equ.Wt.as CaCO3 )/(V 

Sample) 

where: 

V = volume of standard solution of H2SO4 

N = standard solution of H2SO4 

Mole-wt = equivalent weight of CaCO3 

Chloride ion Ion Chloride 

Chloride was measured according to the American 

Society for Testing and Methods [9] in water tests by 

taking 50 ml of sample water and adding some drops of 

potassium dichromate to it, then it was lubricated with a 

standard silver nitrate solution with a concentration of 

0.025N until the color changed from yellow to brown red 

and was calculated. Chloride according to the following 

equation: 

Chlorinity(mg\L)=(VAgNo3×NAgNo3×1000×M.W.as 

CaCO3)/V sample 

http://www.jchr.org/


  

 

1284 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2023) 13(4), 1282-1293 | ISSN:2251-6727 

Sulphate SO4 measurement 

Sulfate ions were estimated using the Turbidity Method, 

where a volume of (100 ml) was taken, then (5 ml) of the 

condition reagent was added, and it was shaken 

mechanically at a constant speed using a magnetic stirrer, 

then barium chloride crystals were added while the 

mechanical shaking continued for another minute. After 

that, the concentrations were read and calculations were 

made compared to the standard curve, and the results 

were expressed in mg/L [10]. 

Diagnosis of algae 

Diatomosis of non-diatom algae 

The algae samples were examined using a microscope 

under high and low power. The samples were fresh after 

the algae were well explained under the microscope. A 

counting cell with a size of 0.23 ml, which was made 

from glass microscope slides and thin slide covers, was 

used in the process of estimating the species density and 

was examined using an Olympus-CH compound light 

microscope. All samples were photographed using a 

HUAWEI P30 Pro mobile device. 

Identification of diatoms 

A drop of the sample was placed in the middle of a glass 

slide, dried on a hot plate at a temperature of 70 degrees 

Celsius, and a drop of concentrated nitric acid was added 

to it; To clarify the structures of the diatoms, after that 

they were left to dry, then a drop of Canada balsam was 

added to them and they were covered with a glass cover, 

so the samples were ready for examination [11, 12, 13, 

14]. 

statistical analysis : 

The results were analyzed statistically by applying the 

MINI TAB statistical program, the analysis of variance 

(ANOVA) test was applied, and the arithmetic means 

were compared with the Duncan multinomial test with a 

probability level of 0.05 

3.  Results and discussion : 

Physical and Chemical traits of Water 

Electrical Conductivity (EC) 

The results in Figure (1) showed that electrical 

conductivity had differences in temporal and spatial 

values, but the temporal differences were significant at 

the probability level p ≤ 0.05, and its values ranged 

between 440-548 micromm/cm, with the highest value 

recorded at 548 micromm/cm in the winter when The 

first station and the lowest value is 440 micromm/cm in 

the summer at the first station as well. Electrical 

conductivity may be affected by the seasons of the year 

and during the rainy season as it carries with it torrents 

of dust, in addition to various human and agricultural 

activities that may lead to an increase in electrical 

conductivity values, which It contains a large amount of 

dissolved salts [15]. In addition, its proportionality is 

directly proportional to the concentration of salts present, 

and it is a measure of the quality and quantity of ions 

dissolved in water [16]. 

 

Figure (1) Spatial and temporal variation of the 

electrical conductivity value micromm/cm in the 

stations under study. 

It was noted in our study that the values were high in the 

winter and the reason for the high electrical conductivity 

may be due to the erosion of quantities of soil found on 

both banks of the river into the main course of the river 

during the rainy season, which contributes to increasing 

the amount of dissolved salts in the water. Thirumulini & 

Joseph [17], also mentioned that conductivity has a 

relationship with dissolved solids (TDS) as a function of 

the type and nature of positive and negative ions 

dissolved in water. The results of the samples showed 

that the electrical conductivity did not excelled  the 

classification of river water [18]. 

These values agreed to record the highest electrical 

conductivity values in winter with Al-Dulaimi and 

Khamis [19], as the values they reached ranged from 

145-651 µS/cm, and Al-Dulaimi [20], and Al-Jumaili 

[21], where the two studies recorded the highest 

conductivity values of 630 and 673. µS/cm, respectively. 

The results were lower than what Al-Rawi [22], reached, 
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as he recorded values that ranged between 341-1684 

µS/cm. 

Turbidity: 

The results in Figure (2) showed that the turbidity had 

significant differences in the temporal and spatial values 

at the study stations and the location during the study 

months at the probability level of p ≤ 0.05, as the highest 

value was recorded at 21.4 NTU in autumn season  at the 

first station, while the lowest value was recorded at 1. 79 

NTU in winter at station 5. 

 

Figure (2): Spatial and temporal variation of NTU 

values at the stations under study. 

The turbidity is classified according to the clarity of the 

water in terms of the turbidity values [60]. The turbidity 

values were different during the study period. This may 

be due to the fact that the factors causing the increase in 

their values are different, and the turbidity values in 

winter are affected by rainfall, which may lead to their 

increase. Because soil runoff occurs and thus reaches the 

river [23]. The highest turbidity values were recorded in 

March as a result of the rise in water levels, which in turn 

may have led to the erosion of rocks and dead plant parts, 

due to the rapid movement of water flow as well as the 

speed of the current [24]. 

The results were close to those reached by Madeed et al. 

[25], as they recorded values for turbidity that ranged 

between 21.6-28.9 NTU, and with Ismail [26], as their 

values ranged from 20.9-28.0 NTU, and less than 

Muhammad [27], as The turbidity values ranged from 

25.4-40.1 NTU and Al-Majjami [28], whose results 

ranged from 0.340-60.50 NTU. 

pH: 

The results shown in Figure (3) indicate that there are no 

significant differences in the temporal and spatial pH 

values at the probability level of p ≤ 0.05. The highest 

value was 8.1 in the summer at both the fourth and fifth 

stations, and the lowest value was 6.9 in the winter at the 

second station. 

 

Figure (3) Spatial and temporal variation of pH values  

The current results are consistent with what was reached 

by [29], and [30], during their studies, and the results of 

the current study were lower than what was recorded by 

Al-Sahn [31], as the pH values ranged between (8.4 - 

7.3). The results of the statistical analysis showed that 

there were no significant differences between the 

stations, while significant differences were recorded 

between the months at a significant level of P≥0.05, and 

that the variation in pH values was simple, and this 

indicates the nature of the water in Iraqi rivers, which is 

often alkaline or tends to be alkaline. The pH results did 

not exceed the permissible limit for drinking water, 6.5-

8.5, according to the Iraqi specifications for drinking 

[61]. 

Total Dissolved Solids (TDS): 

The results in Figure (4) showed that total dissolved 

solids had significant differences in temporal and spatial 

values at the probability level of p ≤ 0.05, where the 

highest value was 292 mg/L in the winter at the first 

station, and the lowest value was 222 mg/L in the fall. At 

the second stop.at the stations under study. 
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Figure (4) Spatial and temporal variation of dissolved 

solids values, mg/L, at the stations under study. 

Dissolved solids are positively affected by electrical 

conductivity, and this is what was indicated, and also 

what was shown by the results of our study of electrical 

conductivity, as in Figure (1). Likewise, the amount of 

rain or floods that may result from it is also directly 

affected, in addition to being affected by river drainage 

and current speed [32]. Perhaps rainfall may lead to a 

significant increase in their values, as a result of surface 

soil runoff and its subsequent arrival into the river [32]. 

The results agreed with Mansour [33], and Ismail [26], 

as their result values ranged from 277-255 mg/L and 282-

202 mg/L, respectively, and were higher than the results 

of Muhammad [27], as their result values ranged from 

119-183 mg/L and less. From Al-Dulaimi [19], they 

recorded values ranging between 823-1600 and 190-325 

mg/L, respectively. 

Dissolved oxygen (DO): 

The results in Figure (5) showed that dissolved oxygen 

had differences in spatial values, as the highest value was 

recorded during the winter, amounting to 8.2 mg/L at 

both the first and fourth stations, and the lowest value 

was 2.8 mg/L during the summer at Fourth stop. 

 

Figure (5) Spatial and temporal variation of dissolved 

oxygen mg/L at the stations under study. 

Normal values for the level of dissolved oxygen in 

drinking station water depend on many factors, including 

the source of the water and the conditions of the 

surrounding environment. However, average values can 

be given that are general values for the normal level of 

dissolved oxygen in freshwater. These values are usually 

in milligrams per liter (mg/L) or dissolved oxygen in 

percentage (%). In unpolluted fresh water oxygen values 

can range The solute is between 7 and 9 milligrams per 

liter (mg/L), or about 70-90% of oxygen saturation under 

normal conditions. In winter, water with lower 

temperatures, such as cold water in rivers and lakes 

during the winter, dissolved oxygen values can generally 

be higher. As for water that is polluted or affected by 

organic flows, and in places affected by organic or 

industrial pollution, dissolved oxygen values may be 

lower than natural values [34]. 

Remember that these values are general estimates, and 

there may be significant variations depending on local 

conditions, water quality and other factors, in addition to 

temperature, atmospheric pressure, pollution level, and 

biological activity in the water. Water treatment plants 

need to monitor and review the dissolved oxygen level 

and ensure that it is in the appropriate range to support 

the ecological life and health of the treated water that will 

be used for distribution to consumers. 

Total alkalinity: 

The results in Figure (6) showed that the total basicity 

had differences in spatial values, as the highest value was 

208 mg/L during the winter season at the fifth station, 

and the lowest value was 110 mg/L during autumn 

season  also at the second station. 
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Figure (6) Spatial and temporal variation of total basal 

values, mg/L 

The results of the current study were of a wide range than 

those mentioned by [51], as the values of alkalinity were 

between 146 - 230 mg/L, for the Tigris River in the city 

of Tikrit within the Salah al-Din province , and are not 

identical to the study of Al-Sultan [35], who indicated 

that the range of alkalinity ranges. Between 145-240 

mg/L for the Tigris River in the city of Mosul, and it was 

close to the results reached by [52] and Al-Hamdani [36], 

as it reached 82-210, 92-202 mg/L, respectively. 

Observing the results of the current study, we find that 

all values obtained for basicity in water samples were 

within the permissible limits for drinking water, as the 

World Health Organization (WHO) (2008) set 250 mg/L 

as the maximum permissible limit for calcium carbonate 

CaCo3 in potable water. The results of the statistical 

analysis showed that there were no significant 

differences between the stations, while significant 

differences were recorded between the months at a 

significant level of P≥0.05. 

Alkaline compounds contribute to influencing and 

changing the pH of water, and contamination with them 

leads to the formation of salts such as carbonates, 

bicarbonates, hydroxides, and chlorides. In many 

locations, these values excelled on  the permissible limits 

set by the World Health Organization (350 mg/L), and 

this is due to the limestone nature and the geological 

structure of the region [37]. 

Chloride ion (Cl- (Chloride Ions): 

The results in Figure (7) showed that the chloride ion had 

non-significant differences in temporal and spatial 

values, as the highest value was 43 mg/L in the winter at 

the fourth station, and the lowest value was 27 mg/L in 

the summer at the second station. 

 

Figure (7) Spatial and temporal variation of chloride ion 

values mg/L at the stations under study. 

The reason for the increase in the concentration of 

chlorides in water samples may be the result of the 

presence of this ion in high concentrations in the soil and 

rocks, and thus a dissolution process occurs when contact 

with water occurs. This leads to an increase in its 

concentration in the water, and its presence may be the 

result of waste water. And sewage, which is often rich in 

this ion Grode & Jadhav [38]. 

These values agreed with the study of [53], as his results 

ranged between 15-30 mg/L, and converged with [54] 

and [55], as their results ranged from 13.8-33 mg/L and 

20.6-37 mg/L, respectively. It is lower than the results of 

[56], [57], and Al-Sultan [35], as their results ranged 

between 17.7-58.5, 170-17.75, and 30-60 mg/L, 

respectively. 

Sulphur: 

The results in Figure (8) showed that sulfate had 

differences in temporal values, as the highest value was 

103 mg/L in the winter at the third station, and the lowest 

value was 70 mg/L in the summer at the fourth station. 

 

Figure (8): Spatial and temporal variation of sulfate 

values mg/L at the stations under study. 
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The natural source of sulfates is rainwater [39], either 

from groundwater or surface water, the dissolution of 

gypsum layers through the passage of water over the rock 

layers containing the gypsum, or the oxidation of sulfates 

such as iron sulfide [40]. The World Health Organization 

sets the level of sulfate in drinking water at 400,200 mg/L 

[41]. 

The source of sulfates in the study area results from the 

dissolution of gypsum soil components [42], and this is 

due to ion exchange between the sulfate ion present in 

the soil and the water ion [40]. As a result of the soil 

being washed away by rainwater falling on the study area 

[42]. 

Types of algae isolated from the studied stations: 

Different types of algae were isolated from water sources 

in the studied stations, as shown in Table (1). 

The species identified from the first station were: 

Bambsina sp. , 

Cladophora Glomerata, Navicula SP., Achanathes 

Clevel, Ulothrix Aequalis, Ulothrix Zonata, Oedogonim 

Aureum, Oedogonium Lattuniarum, Aphanochae SP. 

Occs Turgidus, while the second station was most of the 

diagnosed species: Oedogonium Isolatum, Oedogonium 

Persheimii, Synedra SP ., Netrium sp., Navicula 

standeriella, Navicula goppertiana, Surirella robusta, 

Trachelomonas abrupt. The third station, from which 

four species were isolated: Chadophora glomerata, 

Netrium sp., Pandoriua sp., Ceratium spp., Figure (4-3), 

and the station The fourth station also isolated four 

species: Chadophora glomerata, Navicula sp., Amphora 

sp., Endorina. As for the fifth and last station, 

Chadophora glomerata, Navicula standeriella, Netrium 

sp. were isolated from it. and Stephanodiscus. 

Appendix (20): Types of algae isolated from the studied water plants 

Station summer autumn winter spring 

Station 

1 

Bambsina sp. 
Cladophora 

glomerata 

Navicula sp. 

Achanathes 

clevel 

Ulothrix 
aequalis 

Ulothrix 

zonata 
Oedogonim 

aureum 

Oedogonium 
lattumniarum 

Aphanochaete 

sp. 
Netrium sp. 

Chroococcs 

turgidus 

Spirogyra sp. 
Cladophora 

glomerata 

Navicula sp. 
Achanathes clevel 

Chadophora sp. 

Netrium sp. 
Euodorina 

 

 

Netrium sp. 
Cladophora 

glomerata 

Navicula 
standeriella 

Lepocinclis 

sp. 
 
 
 

Netrium sp. 

Cladophora 

glomerata 
Navicula 

standeriella 

Surirella 
Helvetica 

 

Station 

2 

Oedogonium 

isolatum 

Oedogonium 
pringsheimii 

Synedra sp. 

Netrium sp. 
Navicula 

standeriella 

Navicula 
goppertiana 

Surirella 

robsta 
Trachelomonas 

abrupt 

Oedogonium sp. 

Spirogyra 
Synedra ulna 

Netrium sp. 

 
 

 

Euglena acus 

Cladophora 

glomerata 
Euglina 

gracilis 

Azpeitia 
tabularis 
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Station 
3 

Cladophora 

glomerata 
Netrium sp. 

Oedogonium 

sp. 
Cladophora 

crispate 

Chlorella vulgaris 

Spirogyra sp. 
Pandorina 

Euglena 
 
 

 

Cladophora 

glomerata 

Synedra 
ulna 

Netrium 

oblongum 
sp. 

Chroococcs 

turgidus 

Chadophora 
glomerata 

Netrium sp. 

Pandorina sp. 
Ceratium spp. 

Station 

4 

Cladophora 

glomerata 

Lepocinclis 
salina 

Oedogonium 

sp. 
Surirella 

robsta 

Cladophora 
glomerata 

Chlorella sp. 

Nestrium,Navicula 

sp. 

Achanathes clevel 

 

Navicula 
standeriella 
Netrium sp. 

Synedra 

ulna 

Chodophora 

glomerata 

Navicula sp. 

Amphora sp. 

Eudorina 

Chadophora 

glomerata 

Station 
5 

Surirella 

robsta 
Cymatopleura 

elliptica 

Navicula 
standeriella 

Stigeoclonium 

sp. 
Cladophora 

glomerata 

Scytonema  sp. 
Craticula 

halophile 

Lepocinclis 
fusiformis 

Diatome sp. 

Cladophora 

glomerata 
Spirogyra 

Heterococcus 

chodatii 

Diatome sp. 

 

Navicula 

standeriella 
Netrium 

Stephanodiscus 

Chadophora 
glomerata 

 

Algae generally live on the surface of the water as well 

as in its depths and are found in all water sources exposed 

to sunlight, while a small amount of algae is found in the 

soil and on surfaces exposed to the air. Most algae are 

actually aquatic and grow in the water of ponds, lakes, 

reservoirs, rivers, and oceans [43]. 

Algae are characterized by their ability to form large 

quantities of organic matter in water. For example, more 

than 130 tons of algae flow daily into the Fox River in 

the American city of Wisconsin from Lake 

Winnipegoah, while the maximum concentration of 

aquatic microscopic suspended algae has reached one of 

the Ohio rivers (Ohio) [44]. 

Such large quantities of algae are considered one of the 

most important causes of serious problems in water 

filtration plants, and small numbers of certain algae such 

as diatoms, Melosira, syncdra and tabcllaria (Mclosira, 

syncdra and tabcllaria) cause problems as they steadily 

reduce the longevity of the filter, and brown 

dinoflagellates are characterized Senora, even if they are 

few in number, have an unpleasant, undesirable taste and 

produce odor. Despite the above, the presence of most 

algae in low concentrations is beneficial in raw water 

[45].  

The massive growth of algae causes some difficulties, 

such as closing the water filter screens. It also causes a 

change in the taste and smell of the water if anaerobic 

respiration occurs. Algae blooms and mats cause the 

death of fish because they prevent the penetration of 

atmospheric oxygen into the lower layers of water [46]. 

  Algae may be a thin, sticky, colloidal gelatinous layer 

on the surface of the gravel used to filter water. It 

gradually reduces the speed of the water through these 

filters, but at the same time it performs useful services, 

where it adds oxygen to the water, which helps in 

decomposing organic materials aerobically by the 

bacteria on the filter. Instead of anaerobic activities in the 

gravel layer that make the leachate or water less tasty. 

Therefore, it has become necessary to determine the 

phytoplankton present in the aquatic environment 

because it is an indicator to determine the amount of 

pollution of the area. Torres [47] stated that marine 

microalgae are an indicator of organic & non-organic 

pollution. 
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Macleod [48], also pointed out that organic pollution and 

other types of pollution affect the ecosystem, and the 

changes that occur in biotic communities can be 

identified in response to the pollution occurring. Among 

these primitive organisms that are studied are algae or 

phytoplankton that are found suspended in water. In the 

current study, the algae section Oedogonium sp. and 

Netrium sp. Cladophora glomerata has clear dominance 

in the number of species recorded at the study stations, 

and a similar study was observed by a number of 

researchers in Iraqi waters [49,50]. 

A study by Al-Safi and Al-Moussawi [51]  showed high 

diversity in one station, as the highest degree of diversity 

was recorded at 2.9 in autumn season  for the station’s 

outlet water. This may be due to moderate temperatures, 

which encouraged the growth and flourishing of algae, 

and the diversity of algae in clean water is highly 

variable. It is not limited to the dominance of one or two 

species, but rather many species can be diagnosed and 

their dominance [58], while no diversity was recorded in 

the summer for the same station. This may be due to the 

high temperatures, which affects the growth and 

flowering of algae, and may also be due to the process of 

adding chlorine and other chemicals for sterilization. 

And water filtration. Antonio [52], mentioned that the 

growth of these algae in high concentrations releases 

toxins, but these toxins are broken down by the process 

of adding chlorination during sterilization. There are no 

previous studies in the study area on diversity. 

The results of the diversity function indicated a large 

diversity of phytoplankton throughout the year in the first 

and second stations compared to the other stations. This 

may be due to the abundance of suitable conditions that 

encourage the growth of these species, such as 

(temperature, pH, and abundance of nutrients), while the 

lack of diversity in the other stations. It may be due to the 

algae in this station being affected by a specific food 

source, coupled with the small number of species and the 

excessive increase in individuals per species [53]. 

 

Cladophora glomerata 

 

Ulothrix aequalis 

 

Spirogyra sp. 
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Netrium sp. 
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