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Abstract 
A quarterly qualitative study of the plankton diatoms within the waters of the Tigris River was conducted, starting 
from September 2022 until May 2023, to find out the effect of the liquid medical city waste released to the Tigris 
River on the quality of plankton diatoms within Tigris River for three sites confined between Al-Sarafiya Bridge in 
the north and Medical City Bridge, the site of Al-Khader Elias in the south, and the middle site affected by sewage 
waste for the Medical City Hospital Compound, with the study of some physical and chemical variables of the river 
water. The study was able to record 94 species of diatoms belong to the 26 genera in which pennate diatoms 
prevailed 74 species belonging to 21 genera while the centric diatoms recorded a smaller number of 20 species 
belonging to 5 genera. The study also showed the effect of sewage water for hospitals Medical City on the quality 
of diatoms, which it was few throughout the study period and the waste loaded with organic matter and 
antibiotics with high concentrations caused a decrease in the number of diatoms species throughout the study 
period within the site directly affected by waste. 
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Introduction 
Water is a necessary and important element for life 
on the surface of the earth and the hydrosphere 
constitutes 79% of the Earth's area, and includes 
lentic and lotic water, fresh and salty, snow and 
moisture. Although fresh water is the most 
important, its percentage is small compared to salt 
water on the surface of the earth (Al-Muthanani and 
Al-Salman, 2009; Al-Janabi, 2011), most living 
organisms live in water and it is two-thirds of the 
human weight, and represents 9/10 of the plant size. 
Water is used in many areas of daily life, whether it 
is agricultural, domestic or industrial consumption 
(Isehak, 2001; Ibrahim, 2012). The chemical and 
physical properties of water as well as biological 
properties are among the most important indicators 
affecting water quality (Salih et al., 2018). There 
have been many studies on the physical,chemical 
and hydrological properties of water to know its 
impact on the surrounding environment (Salman et 
al.2022). 
Algae are a widespread group of organisms, the 
majority of which are aquatic living with the ability 
to carry out photosynthesis, simple in composition, 
their reproductive bodies lack a sterile wall, play a 

major role in stabilizing the ecosystem, and have a 
wide range of vegetative forms, some of their 
prokaryotic genera and the vast majority are 
eukaryotic (Wehr and Sheath, 2003).Many studies 
have addressed the relationship of algae to the 
growth of different types of bacteria different 
environments, including polluted environments. 
(Ibrahahim at al.2020),Many studies were conducted 
in the local Iraqi environment, which dealt with 
studying the quality and classification of algae in the 
soil of some areas of Baghdad -Iraq. (AL-Magdamy, 
2019) 
Algae are divided into eight main sections according 
to special foundations, with diatoms forming the 
largest part, belonging to Divission: Chrysophyta and 
the class: Bacillariophyceae. Diatoms are widespread 
unicellular algae found in all salty and fresh aquatic 
environments, whether running or stagnant, and 
they exist either planktonic or benthic and the 
benthic are either epiphytic or epipelic or epizamic 
or epizoic, meaning that they are called according to 
the medium of their adhesion (Al-Husseini and 
Salman, 2020). 
Diatoms are distinguished from other algae in that 
they have a wall thickened with silica (SiO2) called 
the Frustule, divided into two halves called valve, 
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one upper and the other lower, and overlapping one 
with the other and both connected to connecting 
band. The etymology of the word diatom is Greek 
meaning something divided in half (Al-Bouaji, 2015). 
Medical waste resulting from hospital activities 
causes a great danger to water and the chemicals, 
radioactive substances and antibiotics are involved 
in water pollution and affect its quality (Twinch, 
2019).  
Some sources suggest that antibiotics can adversely 
affect the photosynthesis of autotrophic organisms, 
including eukaryotes and prokaryotes (Siedlewicz et 
al., 2018). The mechanism of action of some 
antibiotics depends on disrupting DNA replication or 
protein synthesis in blue-green algae, while in green 
algae it can be associated with inhibition of 
photosynthesis processes leading to growth 
inhibition (Halling et al. 1998; Gonzalez et al., 2013; 
González et al., 2019).  
As for diatoms, antibiotics affect them significantly 
and they reduce the efficiency of their use of light, 
that mean affect the process of photosynthesis, 
which leads to a lack of species in the environment 
exposed to antibiotic contamination, blue-green 
algae are characterized by the resistance of some 
types to high concentrations of antibiotics, unlike 
diatoms, which affect the presence of acceptable 
environmental concentrations of antibiotics in the 
construction of all their bodies from the silica, thus 
the reproduction stops and the types of diatoms are 
reduced (Guo et al., 2016). 

Abdul Saheb et al. (2022) indicated that 31 genera of 
pennales were recorded, including 160 species, and 
173 species belonging to 37 genera were identified 
through the study, including 6 genera of centric 
diatoms. 
It prefers marine water and it is sensitive to many 
pollutants, especially herbicides that enter the 
aquatic environment, while pennales diatoms are 
more resistant. 

Material and Methods 
Study area: Baghdad city is located at latitude of 
33.34 and a longitude of 44.40 and above sea level 
with an estimated height of 41 meters and is divided 
by the Tigris River into Al-Karkh and Al-Rusafa, the 
medical city hospital is located to the left of the 
Tigris River next to Al-Rusafa. Its impact is limited 
between Al-Sarafiya Bridge in the north and Bab Al-
Mu'adam Bridge in the south (Mostafa et al. 2007) 
(Figure 1). The Medical City is one of the most 
famous health institutions in Baghdad and includes 
the largest hospitals in it, and these hospitals 
dispose of their waste from sewage directly to the 
Tigris River without treatment at a rate of three to 
four times a week and at a rate of three hours in the 
morning and another in the evening (Abdul Majeed 
et al., 2022). These wastes affect the 
physicochemical properties of river water and 
change the quality of plankton algae, so they need 
periodic checks of river water (Wahhab et al., 2023). 

 
Figure (1): Map of the study area 
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Sample collection: The samples were collected three 
season every month, from three sites were chosen 
to collect samples, the first near Al-Sarafiya Bridge, 
north of the Medical City, and the second near to the 
site of the release Medical City waste water in the 
Tigris River, the third site was located south of the 
Medical City, Al-Shaljiyeh region, near the Bab 
Mu'adam Bridge (Fig. 1). The samples collected from 
Oct 2022 to June 2023 and represented as seasons. 
The field are water temperature (C), pH were 
measured by the digital portable multimeter, total 
nitrogen (mg/l), total phosphate and silica (mg/l), 
estimated by methodology of Apha (2017).   
Phytoplankton sample: Plankton algae were 
collected using a phytoplankton network with a 
diameter of 20 μm and the filter models were placed 
in polyethylene bottles and preserved by adding 
Lugel solution (Furet and Benson-Evans, 1982). 

The species of the diatoms class were diagnosed 
after dissolving the organic matter and clarifying 
their diatomic structures using concentrated nitric 
acid (Patrick and Reimer, 1975) and examining them 
with magnification power (100x) depending on 
numerous sources and on magnification power (10x, 
40x, 100x) (Patrick and Riemer 1975; 1966; Germain, 
1981; Hassan et al., 2012, Munir et al., 2012; Al-
Hassany and Hassan, 2014). 
Water systems are exposed to various 
environmental factors, whether geological related to 
the nature of the water body or climatic changes and 
human activities, change the different properties of 
water and the pattern of distribution of algae is 
related to the chemical and physical properties of 
river water, meaning that these factors determine 
the stability of food chains in the aquatic 
environment (Hassan et al., 2018). Table (1) 
indicates the results of the factors studied. 

 
Table (1): General means, standard deviation and range for the characteristics studied by station. 

Variables Range: Minimum –Maximum 
Mean ± SD 

LSD 

ST.1 ST.2 ST.3 

Water temperature °C    8.00-21.00 
16.81 ±6.36 

8.00-21.66 
16.99 ±5.24 

9.00-22.00 
16.96 ±5.77 

7.154 N.S 

pH 6.85-7.37 
6.97 ±0.08 

6.32-7.29 
6.88±0.22 

6.59-7.38 
7.06  ±0.16 

0.207 * 

PO4 1.74 -3.68 
2.56 ±0.50 b 

3.15-3.83 
3.54 ±0.20 a 

1.74 -3.68 
2.53 ±0.19 b 

0.411 * 

NO3 10.21-17.92 
12.16 ±1.05 b 

13.50 -18.90 
15.80 ±2.66 a 

8.60-18.48 
10.93 ±1.03 b 

2.165 * 

Sio3 6..3  - 4..7 
2.56 ±0.50 b 

6..3 - 3.44 
1.80 ±2.66 a 

1.60-1.98 
1.93 ±1.03 b 

2.115 * 

Tetracycline 0.00 -0.00 
0.00 ±0.00 b 

32.00 -65.70 
54.61 ±18.6a 

0.00 -0.00 
0.00 ±0.00 b 

12.831 * 

Levofloxacin 0.00 -0.00 
0.00 ±0.00 b 

18.00 -33.80 
29.72 ±8.24a 

0.00 -0.00 
0.00 ±0.00 b 

5.855 * 

Mean with different letters within the same row differ significantly among themselves 
* (P≤0.05), NS: Non-significant. 

 
Temperatures recorded a slight variation in their 
values between the sites, and the highest rate of 22 
°C was recorded in May in the third site and the 
lowest rate of 8 °C in the first and second sites 
during December, non- significant differences were 
observed between the sites, and this difference is 
due to a difference in the times of water sampling 
and the difference in temperatures between the 
summer and winter months, and this is agree with 
local study (Alwan et al., 2017). 
pH is one of the important factors in modifying the 
nature of water acidity and its basics, and is affected 

by CO2 gas, hydrogen sulfide and ammonia, as well 
as in carbonate ions and bicarbonates available in 
water (Goldman and Horn, 1983; Van Dolah et al., 
2002). 

Results and Discussion 

The results of the study showed that the highest pH 
value was recorded in the third site during February 
7.38, while the lowest value was recorded in the 
second site 32. 6 during September. The reason for 
the decrease in pH values in the summer months is 
due to the increase in the percentage of carbon 
dioxide resulting from the increased respiration of 
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aquatic organisms whose activity increases with 
rising temperatures, the increased decomposition of 
organic matter by living organisms, as well as the 
increase in CO2 coming from wastewater (Goldman 
and Horn, 1983). 
High pH values in the rainy season may be due to an 
increase in the photosynthesis of algae and aquatic 
plants that draw amounts of carbon dioxide (Farghl 
and Samer, 2015). 
Nitrogen and phosphorus are essential nutrients for 
the growth of algae and aquatic plants, and their 
high values play an important role in the occurrence 
of eutrophication in water (Agarwal and Rajwar, 
2010). Phosphorus has an important and direct role 
in respiration and algal reproduction and it enters 
the structure of DNA, as well as metabolic processes, 
energy conversion and enzyme activity (Wang et al., 
2017). 
The results showed that there were significant 
differences between the sites, and the highest value 
of total nitrogen during the month of February and 
phosphate during the month of April (3.83, 18.90) 
mg/L respectively in the second site, while the 
lowest value recorded in the third site (1.70, 8.60) 
mg/L during the month of September for phosphate 
and during the month of November for total 
nitrogen. The reason for the increase in these 
nutrients in the second site is due to the organic 
materials and detergents rich in phytonutrients 
carried by the Medical City waste, which causes its 
increase within the water column (Sharma et al., 
2021). 
Silicon is one of the common elements in the earth's 
crust, and silicon dioxide SiO2, known as silicate, is 
the common form of silicon and it is the highest 
concentration of other silicon compounds in most of 
the world's rivers (Boyd, 2020). Water-soluble silica 
is an essential nutrient for diatoms forming the silica 
wall and its decrease in surface water stops the 
reproduction of diatoms (Farghl and Samer, 2015). 
The results indicated a high concentration of silicate 
in all sites (table 1). The highest rate recorded in the 
second site is 3.70 mg/L during the month of 
February while the lowest rate recorded in the third 
site is 1.60 mg/L during the month of May. The 
increase in the value of silicate in the second site 
may be due to the movement of water due to 
currents issued from the waste drainage pipes 
released from the Medical City, which helps to 
dredge the sediment, so the concentrations of the 
silica in the water increase (Shehata and Badr, 2010). 
The low concentration of silicates may be due to 
their consumption by diatoms at other sites and a 

decrease in sediment movement (Mohseni-Bandpei 
et al., 2018). 
The high concentrations of  TDS in the three study 
sites led to the presence of Water drainage stations 
in the second and third sites,AL-Ani et al.(2019). 
Tetracycline and Levofloxacin are the antibiotics with 
low concentrations in the aquatic environment up to 
river water from untreated sewage waste, especially 
hospital waste, so the results showed that high 
concentrations of antibiotics were recorded at the 
second site of antibiotics; Tetracycline and 
Levofloxacin (65.70, 33.80) mg/L respectively during 
February and December, while no value was 
recorded at the other two sites in all months of the 
study (Table 1). Sharma et al. (2021) indicated the 
risks of antibiotics and their various chemical 
compounds on aquatic life and photosynthesis 
processes carried out by organisms in the aquatic 
environment. 
The study identified 97 species (26 genera) of 
Bacillariophyceae Phytoplankton diatom algae 
belonging to tow orders; the first Centrales 20 
species (5 genera) by 21% of the total diatom while 
the second Pennales 74 species (21 genus) by 79 % 
(Table 2). 
The Iraqi environment is generally characterized by a 
high concentration of silicates in all water sources, 
and this is indicated by the current results (Table 1), 
so it was noted the high number of diagnosed 
diatomic algae species in all study sites (Figure 2), 
and this is consistent with many studies within 
various environments in Iraq (Al-Hassany and Al-
Bayati, 2017 Al-Tammie and Al-Jumaily, 2021; Al-
Saaidi, 2022). 
The highest number of species was recorded in the 
third site while the lowest number was recorded in 
the second site in all seasons (Fig. 2, 3). 
The second site is the most contaminated with 
organic compounds dumped from Medical City. This 
indicated by Grenni et al. (2018) when hospital 
waste released into riverbeds leads to an increase in 
nutrients that stimulate the growth of 
phytoplankton (this is consistent with the high 
concentrations of nutrients found in the second site 
(Table 1)). 
However, the presence of antibiotics and drug 
residues causes disruption of the growth of some 
types of algae at the expense of other species, the 
blue-green algae is represented by the resistance of 
some types of antibiotics to high concentrations of 
antibiotics, unlike diatoms, which affect the 
presence of acceptable environmental 
concentrations of antibiotics in the construction of 
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their body structures from silica, as thus stopping 
reproduction and reducing the species of diatoms 
(Guo et al.,  2016). Therefore, we note a decrease in 
the number of species of diatoms within the second 
site. 
The number of species recorded in each site also 
varied according to the seasons of the study, and the 
third site recorded the highest number of species 
was 44 species during the spring, while the same site 
recorded the lowest number of species 17 during the 
winter (Table 2). 
The increase in the number of diatoms species in the 
fourth site is due to the presence of the movement 
of boats within the region. The movement of boats 
helps to separate the diatoms adherent to the 
aquatic plants within the site represented by the 
shanplann plant and the Nile flower, and the 
movement of the water stream helps to separate the 
diatoms attached to the boats themselves, which 
helps to increase the number of centric diatoms and 
thus increase the number of diatoms in general and 
algae prefers adherence to boats, and this is referred 
by Abdulsahib and Al-Magdamy (2022). 
The reason for the decrease in the number of 
species during the winter may be due to the lack of 
movement of boats, which causes the stagnation of 
the river bed and its edges, and this is consistent 
with Al-Makdami and Al-Salman (2021) study and 
since the diatoms have a silica structure, they are 
heavy and tend to be far from the surface of the 
water or may be due to rainfall that helped to 
mitigate (Hassan et al., 2018). 
Guo et al. (2016) explained the effect of antibiotics 
on the growth and physiology of various aquatic 
organisms, which included chlorophytes and 
diatoms. The studies pointed to the criteria that 
determine the growth of organisms under the 
conditions of increasing antibiotic concentrations in 

the aquatic environment and the protocols emitted 
in measuring the nature of the growth of organisms 
in the presence of these antibiotics. 
 

 
Figure (2): Percentages diatomic species diagnosed 

at the three sites during the seasons. 
 

 
Figure (3): Numbers of species and genera of 

diatomic algae diagnosed at the three sites during 
the seasons. 

 
Table (2): Distribution of the number of genera and species diagnosed within the seasons for all sites Sp.: 

Species and G: Genus. 

ST.3 ST.2 ST.1  
Station 

 
Division 

Spring Winter Autum
n 

Spring Winter Autum
n 

Spring Winter Autum
n 

0202 0200 0202 0200 0202 0200 

Sp. G Sp. G Sp. G Sp. G Sp. G Sp. G Sp. G Sp. G Sp. G 

20 4 0 0 2 2 6 2 22 2 4 2 2 0 5 0 2 2 Bacillariophceae 
( Centrales)  

20 9 25 22 05 22 24 0 25 7 28 8 09 22 08 22 22 27 Bacillariophceae 
( Penales ) 

44 22 27 20 08 26 02 5 05 22 00 22 20 20 22 22 22 27 Total 
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