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INTRODUCTION 

The Tigris River is one of the longest rivers 
in the Middle East, with length of about 1900 km, 
passing through Iraqi land over nearly 1415 km. 
The Tigris river shares this role with the Eu-
phrates River, as they are a primary source of 
water for human consumption. As the increase 
in population numbers and the expansion of the 
country’s economic activates, has produced an 
increase in the demand for water to be used in 
various ways and because of the great pressures 
on water resources in Iraq during the past twen-
ty years, especially on the issue of the amount 
of available water. Building dams on the Tigris 

and Euphrates rivers in neighboring countries, 
the continuous change in climate around the 
world, the severe decrease in the amount of rain 
falling each year in Iraq, poor management of 
the water used, and other matters contributed to 
this state of affairs (Al-Harbawee and Moham-
med, 2024a). The Tigris River in the heart of the 
capital, Baghdad, has become more polluted due 
to human activities (Al-Harbawee and Moham-
med, 2024b). The water upstream is polluted 
with dark organic debris during the summer and 
autumn (drought seasons), water quality changes 
(Ali et al., 2019). The reason for the occurrence 
of pollutants from various sources like munici-
pal and industrial waste, human activities, and 

Effect of pollutants on phytoplankton biodiversity in the Tigris 
and Diyala Rivers in Baghdad Province

Hiba Adil Alfalahi1, Ahmed S. Aldhamin2*

1 Ministry of Water Resources, Baghdad, Iraq
2 Department of Biology, College of Science, University of Baghdad, Baghdad, Iraq
* Corresponding author’s e-mail: ahmedsaadaldhamin@gmail.com

ABSTRACT
The Tigris River is the second longest river in West Asia. It passes through densely populated areas, especially in 
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Tigris, Al-Jaara on the Tigris, and Jesr Enbopy on Diyala) from which samples were taken to measure heavy met-
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for three seasons (October, January, and March) Statistical techniques were applied and Shannon-Wiener diversity 
index (H) to evaluate the changes during the three seasons, and the results that the phytoplankton species showed 
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and then Baciliariophyceae in quantity. As for quality, Cyanophyceae is followed by Baciliariophyceae and then 
Chlorophyceae with low specific density and high diversity according to the Shannon-Wiener index only in autumn 
with a high diversity of 3.39 at site 2 of the Diyala River, followed by spring with a diversity of 3.115 at site 1 of the 
Tigris River., The highest biomass of phytoplankton occurred in autumn, whereas the lowest biomass was in spring. 
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runoff from agricultural lands the city is due to 
the presence of more than 17 stations (pumping 
+ rainwater) located on the Tigris River in Bagh-
dad, which are monitored by the Baghdad Envi-
ronment Directorate/ Ministry of Environment, 
and discharge wastewater directly to sources. 
Water (river – drain – canal) without treatment 
and treating it in the Tigris River accelerated 
the deterioration of water quality day after day 
(Al-Janabi et al., 2024). The Diyala River meets 
with the Tigris River south of Baghdad and af-
fects the quality of the Tigris River as a result of 
the connection of the Diyala River catchment, 
within densely cultivated areas, to many drain-
age channels, sewage channels, and wastewater, 
it contributed to influencing the river’s water 
chemistry (Hamza, 2012). The Diyala River re-
ceives wastewater discharge from wastewater 
treatment plants located at its lower zone before 
its confluence with the Tigris River (Ismail and 
Muntasir, 2018). The lowest zone of the Diyala 
River is considered the most polluted area due 
to the presence of many sewage drains, such as 
the Nahrawan irrigation drain, the wastewater 
treatment plant in Rustamiya, the Army Canal, 
and others (Ismail et al., 2022). Discharge of 
treated wastewater causes a decrease in biodi-
versity by selectively benefiting certain species 
while depriving others by modifying the natural 
environment (Saravanan et al., 2021). Among 
the living organisms that are affected by water 
quality are algae, which are considered the main 
producer of the aquatic environment, constitute 
the basis of the food chain as well as have an 
important role in purifying water and evaluating 
its quality (Ali et al., 2020). They can be con-
sidered a vital indicator because of their short 
life cycle and rapid response to environmen-
tal changes (Febriansyah and Retnaningdyah, 
2021). Research has shown that minerals in 
water can greatly affect the chemical composi-
tion and productivity of phytoplankton (Whit-
field, 2001). River pollution with heavy metals 

changes the balance of the aquatic environment, 
and with the extent of pollution, the diversity 
of aquatic organisms becomes limited (Ay et 
al., 2009). Water pollution with heavy metals 
is very harmful because they do not decompose 
and accumulate within living organisms (Al-Su-
dani and Al-Mayaly, 2020). Industry is the main 
source of heavy metals entering aquatic eco-
systems, and their accumulation in water varies 
depending on the type of wastewater treatment 
used (Magossi and Bonacella, 1992). 

MATERIALS AND METHODS

The study area is located on the Tigris and 
Diyala rivers within the city of Baghdad. The lo-
cation were determined using a GPS device on 
the longitude lines of the five sites (Table 1). The 
Tigris and Diyala rivers are affected by human 
and industrial activities due to the presence of 
many farms, factories, and wastewater treatment 
plants within the areas of the Tigris and Diyala 
rivers. The study included collecting seasonal 
water samples of water and phytoplankton from 
five sites, three of which are on the Tigris River. 
The first site (which represents the control site) 
is Saeeda in the Zafaraniya area, the third is the 
Tuitha site, and the fourth is the Jaara site. The 
second is the Al Multaka site, the meeting point 
of the Tigris and Diyala rivers, and the fifth site is 
the olde Bridge Tubular site (Jesr Enbopy) on the 
Diyala River, as shown in (Figure 1).

Sample collection

Samples were collected for three seasons 
(autumn – October 2023, winter – January 2024, 
spring – March 2024) from five sites in the 
study area (Table 1). The samples were taken at 
approximately 7 A.M and finished at approxi-
mately 12:30 P.M. The water temperature was 
measured directly from the sites using a mercury 

Table 1. Global position system (GPS) of the study sites

Sites Longitude 
(eastwards)

Latitude 
(northwards) Distance From.…..to Distance in 

kilometers
S1 44°27ʼ20.3˝E 33°13ʼ58.5˝N Sit.1 to Sit.2 5.27

S2 44°30ʼ22.1˝E 33°13ʼ13.5˝N Sit.2 to Sit.3 5.16

S3 44°28ʼ57.0˝E 33°10ʼ48.6˝N Sit.3 to Sit.4 7.55

S4 44°32ʼ58.4˝E 33°09ʼ08.5˝N Sit.4 to Sit.5 14.9

S5 44°31ʼ19.4˝E 33°14ʼ11.1˝N Sit.5 to Sit. 2 2.42
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thermometer (0-80) after leaving it in water, un-
til the temperature stabilized for a few minutes, 
according to the American Public Health As-
sociation (APHA 2005). The pH was measured 
by using a (pH meter Instrument / PH 7110). 
Heavy metals (Zn-Cu-Fe) were measured using 
a device (Atomic Absorption Spectrophotom-
eter – Shimadzu-AA-7000) after acidifying the 
water samples, 4 ml of HNO3 was added to re-
duce the absorption of metals on the walls of the 
containers (APHA, 1998). Chemical oxygen de-
mand (COD) was measured using closed reflux, 
colorimetric method (Baird et al., 2017). Phyto-
plankton samples were collected using a phyto-
plankton net with diameter of 20 µm of holes, 
which was thrown in the water and pulled in at an 
appropriate speed for 10–15 minutes. The phy-
toplankton was directly collected in a polyeth-
ylene containers that contained 1 ml of Lugolʼs 
solution per 100 ml of the sample. Lugolʼs solu-
tion was prepared using standard methods, Lind 
(1979). Then, it settled by using the sedimenta-
tion method (Furet and Benson, 1982). The phy-
toplankton was identified as well as diagnosed 
quantitatively and qualitatively using standard 
methods (Al-Hussieny, 2018). 

Environmental indicators 

Shannon-Wiener diversity index (H), (1948)

The total number of species in the community 
was identified and calculated based on the follow-
ing equation: 
 H = - ∑ nᵢ / N Ln nᵢ / N (1)
where: H – Shannon index, ∑ – summation, nᵢ – 

number of individuals of each species in 
the site, N – total number of individuals in 
the same site. 

Values less than 1 bit/person are considered 
low diversity while values greater than 3 bit/per-
son are considered high diversity (Porto-Neto, 
2003).

Statistical analysis

The Statistical Analysis System (SAS, 2018) 
program was used to detect the effect of differ-
ence factors (location and seasons) in study pa-
rameters. Least significant difference (LSD) test 
(P ≤ 0.05 significant) was used to significant com-
pare between means in this study, NS its means 
non-significant (SAS, 2018).

Figure 1. Map the studied area with sampling sites on the Tigris and Diyala Rivers within Baghdad Governorate 
(Google Earth, 2024): 1 Saeeda (Site 1), 2. Al-Multaka (Site 2), 3. Al-Tuitha (Site 3), 4. Al-Jaara (Site 4), 5. Jesr 

Enbopy (Site 5)
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RESULTS AND DISCUSSION 

The water temperature recorded seasonal dif-
ferences between the sites during the three sea-
sons, with the highest water temperature reaching 
25 °C at S.5 and s.3 for the autumn of 2023 and 
spring of 2024, while the lowest water tempera-
ture reached 14 °C at S.1 and S.4 for the winter of 
2024 (Table 2). 

The highest PH value was 7.9 in the S.1 and 
S.4 for the winter season and in the S.4 for the 
spring season, and its lowest value was 7.3 at S.5 
for the autumn and spring seasons and at S.2 for 
the winter season (Table 3). When measuring Zn, 
it was observed that it was absent in the winter for 
all sites and at S.3 and S.5 for autumn season and 
with its highest value reached to 0.9767 ppm for 

the spring season (Table 4). Fe values ranged from 
0.124 ppm in winter at S.4 to 3.175 ppm in spring 
at S.5 (Table 5). The Cu values appeared and var-
ied between being absent in winter for all sites 
and in fall at S.4 to reaching a maximum value in 
spring at S.2 (Table 6). The COD values ranged 
from 2.13 ppm in spring at S.1 to a maximum val-
ue of 229.3 ppm in winter at S.5 (Table 7). 

The phytoplankton species and genera that 
showed up in the quantitative and qualitative 
analyses of study locations over all three seasons 
are detailed in Table 8. As a result of these find-
ings, it can be seen that the autumn of 2023 had 
the highest biomass at 2.572 (or 57.09% of the 
total), the winter of 2024 had the second-highest 
at 1006 (or 22.33% of the total), and the spring 
of 2024 had the lowest at 927 (or 20.57% of the 

Table 2. Water temperature at the five sites during the autumn of 2023, as well as winter and spring of 2024 is 
measured in °C

Location Autumn Winter Spring

S.1/ Saeeda 22 14 20

S. 2/ Al-Multaka 24 16 20

S. 3/ Al-Tuitha 22 20 25

S. 4/ Al-Jaara 23 14 18

S. 5/ Jesr Enbopy 25 19 22

Note: * (P≤ 0.05 ), NS: non-significant.

Table 3. Effect of location and season on pH

Location
Season

LSD value
Autumn Winter Spring

Saeeda 7.7 7.9 7.5 0.411 NS

Al-Multaka 7.6 7.3 7.5 0.379 NS

Al-Tuitha 7.6 7.7 7.5 0.308 NS

Al-Jaara 7.5 7.9 7.9 0.437 NS

Jesr Enbopy 7.3 7.5 7.3 0.298 NS

LSD value 0.415 NS 0.562 * 0.588 * ------

Note: * (P≤ 0.05 ), NS: non-significant.

Table 4. Effect of location and season on Zn

Locations
Season

LDS value
Autumn Winter Spring

Saaeda 0.0036 0 0.9688 0.162*

Al-Multaka 0.0028 0 0.9712 0.155*

Tuithah 0 0 0.9563 0.167*

Jaara 0.0149 0 0.9685 0.143*

Jesr Enbopy 0 0 0.9767 0.161*

LSD 0.0028 NS 0.00 NS 0.0487 NS ------

Note: * (P≤ 0.05 ), NS: non-significant



268

Journal of Ecological Engineering 2025, 26(3), 264–273

total). Autumn brings a temperature drop to 17 
°C and a decrease in water discharge, both of 
which are perfect for phytoplankton growth. This 
lines up with what Al-Shahri found, which was 
that various kinds of phytoplankton were most 
abundant in spring and autumn (Al-Shahri et al., 
2016). Rapid increases in nutrient concentrations 
are observed during the winter rainy season, be-
cause rainfall introduces large quantities of nutri-
ents into the aquatic ecosystem from surface dis-
charge (Barçante et al., 2020). 

This study identified Chlorophyceae, Baciliar-
iophyceae (including both Centrales and Pennal-
es), and Cyanophyceae. The quantitative study in-
dicated that the highest biomass of phytoplankton 
was attributed to blue-green algae, which reached 

2402 cell×10³/l at a proportion of 53.32%. This 
was followed by green algae at 1105 cell×10³/l, 
comprising 24.53%, while diatoms exhibited the 
lowest biomass at 998 cell×10³/l, accounting for 
22.15%. Within the diatom category, Centrales 
represented 215 cell×10³/l at 4.77%, and Pen-
nales accounted for 783 cell×10³/l at 17.38%. the 
Centrales diatoms are typically found in seawater 
and are sensitive to various pollutants, particular-
ly herbicides, whereas the Pennales diatoms dem-
onstrate greater resilience and prefer freshwater 
(Abdul Saheb et al., 2022). Consequently, it was 
noted that the population of the Centrales diatoms 
is inferior to that of the Pennales diatoms.

In the qualitative study, blue-green algae 
were predominant at 41.86% (Sp. 18, G. 10), 

Table 5. Effect of location and season on Fe

Locations
Season

LSD value
Autumn Winter Spring

Saaeda 0.415 0.239 0.309 0.118*

Al-Multaka 0.4386 0.145 0.712 0.156*

Tuithah 0.633 0.145 0.214 0.207*

Jaara 0.618 0.124 0.339 0.176*

Jesr Enbopy 1.1173 0.166 3.175 0.487*

LSD 0.372* 0.109* 0.451* –

Note: * (P≤ 0.05 ), NS: non-significant.

Table 6. Effect of location and season on Cu

Locations
Season

LSD value
Autumn Winter Spring

Saaeda 0.011 0 0.042 0.0155*

Al-Multaka 0.005 0 0.11 0.064*

Tuithah 0.005 0 0.007 0.005*

Jaara 0 0 0.007 0.004*

Jesr Enbopy 0.005 0 0.013 0.004*

LSD 0.0067* 0.00NS 0.0184* –

Note: * (P≤ 0.05 ), NS: non-significant

Table 7. Effect of location and season on COD

Locations
Season

LSN value
Autumn Winter Spring

Saaeda 5.33 7.93 2.13 5.61 NS

Al- Multaka 133 79 124 16.42 *

Tuithah 12.13 7.93 18.4 9.85 *

Jaara 11.4 9.87 10.13 4.39 NS

Jesr Enbopy 160 229.3 164 21.47 *

LSD 12.66* 17.94* 12.07* –

Note: * (P≤ 0.05 ), NS: non-significant



269

Journal of Ecological Engineering 2025, 26(3), 264–273

Table 8. Includes the quantitative study of phytoplankton (cell ×10³/l) for the seasons (autumn 2023 A, winter 
2024 W, spring 2024 S) and the specific density with the symbol (+) for qualitative study within the selected study 
sites in the Tigris and Diyala Rivers section within the city of Baghdad

Sites S.1 S.2 S.3 S.4 S.5

Seasons
A. W. S. A. W. S. A. W. S. A. W. S. A. W. S.

List of algal taxa

Chlorophyceae
Ankistrodesmus braunii 
(Nägeli) Collins 12 7 18 21 + 7 3 0 0 11 16 + + 34 + + +

Crucigenia tetrapdia 8 0 0 32 + 0 0 13 0 0 6 + 0 0 44 + 0 0
Cladophora glomerata (L.) 
Kützing 11 + 5 5 0 6 6 6 + 2 2 9 + + 23 + 0 0

Chlorella vulgareis 21 16 16 6 + + 27 13 13 24 + 6 6 54 + 26 26

Monorohidum sp. 7 0 0 + 0 0 12 + 0 0 20 + 0 0 13 0 0
Oedogonium crissum 
(Hass.) Wittrock + 5 + 4 4 + 4 + 0 0 0 4 + + 32 3 3

Pediastrum boryanum 
(Turp.) Meneghini + 2 2 7 0 0 12 + 10 + 6 + 6 + 0 0 21 + 0 0

Scenedesmus arcuatus 
Lemmermann 6 0 0 8 + 12 + 27 + 24 16 22 0 3 3 7 + + +

Tetrastrum stauncota 14 + 0 0 12 0 0 5 + 0 0 13 + 0 0 17 00 0

Cosmarium bioculatum 0 0 0 21 21 21 0 + + 0 0 + 0 + +

Chlamydomonas sp. 0 + 25 0 11 + 0 24 13 0 10 6 0 32 15 +
Baciliariophyceae

A- Centrales

Aulacoseira varians Agardh 15 + 15 + + 0 + + + 3 9 + 0 0 0 +

Coscinodiscus sp. 0 0 0 21 21 13 13 + 0 + 14 + 6 + 2 8
Cyclotella meneghiniana 
Kützing 8 + 8 + + 5 5 8 + + 0 9 0 + 21 4 + 7 +

B- Pennales
Achnanthes brevipes var. 
intermedia (Kütz.) Cleve 17 + 10 16 0 3 + 21 0 + 8 0 + 6 0 +

Cocconeis pediculus 
Ehrenberg 8 + + + 11 7 0 + 13 11 + + + 21 + 14 12

Fragilaria brevistriata 
Grunow 4 4 4 15 + 8 0 33 + + 0 0 0 + + +

F. intermedia Grunow 6 0 0 7 0 0 23 + 0 0 13 0 0 0 0 0
Navicula cincta (Ehr.) 
Kützing 10 + 3 + 0 + 0 0 15 7 7 + 0 0 0 5 5

N. cryptocephala Kützing 0 8 8 + 5 5 11 + 3 0 21 7 0 0 15 +
N. viridula var. rostellata 
(Kütz.) Cleve 0 + + + 0 0 8 + + 8 5 5 26 0 0

Nitzschia amphibian 
Grunow 32 + 0 0 26 2 + 0 + 0 0 0 5 5 22 + 10 17

N. apiculate (Greg.) Grunow 21 11 6 7 9 4 + 6 16 + + + 0 + +

Pinnularia lata (Bréb.) Smith 0 0 0 4 0 0 8 3 3 15 + 12 + 16 0 0

Diatoma elongatum 0 6 6 0 2 + 9 + 0 4 4 0 5 5 0 0 0

Cyanophyceae
Aphanocapsa grevillea 
(Cam.) Rabenhorst 18 11 21 21 0 4 13 + 3 0 + + 5 32 0 +

Aphanothece castagnei 
(Bréb.) Rabenhorst + 0 + 22 + 5 0 0 0 + 6 0 8 25 0 +

Lyngbya aestuarii 
Lammermann + 14 + 5 + 21 65 + 18 21 15 + 0 + 104 + 34 15

L. martensima Meneghinii 6 0 0 + 0 0 0 0 0 9 0 0 65 + 0 0

L. major 23 0 0 24 + 0 0 12 0 0 0 0 0 21 + 0 0

L. latissima 12 0 0 9 0 0 26 0 0 0 0 0 0 0 0
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followed by diatoms at 32.55% (Sp. 14, G. 10), 
and subsequently green algae at 25.58% (Sp. 11, 
G. 11). Table 9 illustrates that diatoms qualita-
tively surpassed green algae. This may be at-
tributed to nutrient runoff (N, P) from fertile 
agriculture into adjacent waterways, resulting 
in heightened eutrophication and a decline in 
various algal species, higher aquatic plants, mi-
croorganisms, and numerous invertebrates and 
vertebrates (Yang et al., 2020). Diatoms are dif-
ferentiated from other algae by their robust silica 

wall, known as the frustule, which provides pro-
tection (Al-Magdamy et al., 2024). 

As shown in Table 10, the Shannon-Wiener 
diversity index exclusively indicated signifi-
cant diversity at site 2 on the Diyala River in 
October 2023, with a value of 3.39. Site 1 on 
the Tigris River recorded a value of 3.115 in 
March 2024. A substantial diversity of phyto-
plankton indicates favourable conditions for the 
proliferation of these species, such as pH, tem-
perature, and nutrient availability. Conversely, 

Merismopedia elongan 
Nägeli + + 0 23 14 0 + + + 32 7 19 45 + 21 + 0

M. glauca Beck 6 11 0 + 7 + 22 6 10 11 0 + 32 + + 19
M. tenuissima 
Lemmermann 15 + + 5 13 5 5 14 + 0 + 21 + + 23 + 0 32

Microcystis aeruginosa 
Kützing 0 3 0 21 + 0 0 + 0 + 8 11 20 + 32 0

M. flos-aquae (Wittr.) 
Kirchner 8 5 0 8 + 11 8 32 10 5 0 0 + + 12 + +

M. incerta Lemmermann 30 + 13 32 23 6 6 20 + + 32 + 0 0 35 + 0 8

Nostoc lobatus Agardh 0 0 0 8 + 0 0 8 + 0 0 6 0 0 7 + 0 0
Oscillatoria anguina 
Comont 13 0 + 0 + 0 12 8 11 0 0 + 48 + 22 +

O. bornetii 7 + 13 + 43 13 17 19 + 13 + 4 + 16 11 + 0 43 + 0 34
O. chalybea (Mertens) 
Gomont 8 4 + 23 6 9 21 11 + 0 43 9 17 59 27 34

Chroococcus disperses 0 0 6 0 4 0 0 0 + 0 4 9 0 28 + 0

Haematococcus lacustris 0 4 8 0 7 + 0 8 + 0 0 0 + 0 54 33

Spiruline laxissima 0 + 13 0 8 + 12 + 0 0 + 0 8 15 0 0 4

Table 9. Percentage of quantitative and qualitative study of phytoplankton and number of their species and genera 
within the study sites

Algae taxa Quantitative study Qualitative study % Species Genus

Cyanophyceae 53.32 % 41.86 % 18 10

Chlorophyceae 24.53 % ↑ 25.58 % ↓ 11 11

Baciliariophyceae 22.15 % ↓ 32.55 % ↑ 14 10

A - Centrales 4.77 % 6.97 % 3 3

B - Pennales 17.38 % 25.58 % 11 7

Table 10. The extent of phytoplankton diversity (species enrichment) of the Tigris-Diyala Rivers within the city of 
Baghdad during the study period by Shannon-Wiener index (H)

Sites
Seasons

October 2023 January 2024 March 2024

Site 1. 2.86 2.497 3.115

Site 2. 3.39 2.769 2.485

Site 3. 2.809 2.55 2.441

Site 4. 2.816 2.562 2.417

Site 5. 2.818 2.433 2.254

Table 8. Cont.
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a deficiency in diversity is the consequence 
of specific food source limitations, a reduced 
number of species, and an excessive population 
increase of individual species (Atkins, 2007). 
Phytoplankton diversity is influenced by nu-
trient enrichment in a variety of ways. In low 
nutrient environments, it can enhance diversity 
by accelerating growth rates and reducing com-
petitive pressures among species. Conversely, 
it can diminish diversity by promoting the pro-
liferation of one or two algal species under high 
nutrient conditions (Yun et al., 2023). 

The statistical study of temperatures revealed 
seasonal variations between places, characteris-
tic of the Iraqi climate, marked by high summer 
temperatures and low winter temperatures (Al-
Ghurairi, 2014). The pH was within the accept-
able limits established by Iraqi drinking water 
specifications No. (417) of 2009 for aquatic or-
ganisms, which range from 6.5 to 9. These find-
ings align with local studies indicating that Iraqi 
water is slightly alkaline and exhibits a limited 
range of variation (Al-Azawii et al. 2015). 

The concentrations of Zn were found to be 
below the normal threshold established by Sys-
tem (25) of 1967 for the preservation of Iraqi 
rivers and public waters from pollution. This de-
cline is attributed to the seasonal reduction of 
phytoplankton, which sequesters Zn during its 
initial flowering phase, as corroborated by vari-
ous studies (Luoma et al., 1998; Jin et al., 2019; 
Zwolsman et al., 1999). Zn is recognised as a 
crucial micronutrient due to its role in the miner-
al enzymes involved in photosynthesis and other 
biological processes of phytoplankton (Wang et 
al., 2012). Iron is crucial for enzymes involved 
in photosynthesis and many metabolic process-
es, including nutrient absorption and assimila-
tion, underscoring its significance in the global 
needs of phytoplankton (Morel et al., 1991; Rue 
and Bruland, 1995). 

The elevated concentrations of Fe in fresh-
water signify pollution by heavy metals result-
ing from the flow of industrial wastewater into 
rivers (Ismail and Robescu, 2019). Copper is 
a vital ingredient for phytoplankton develop-
ment and serves as a mineral component for 
plastocyanin and several oxidative stress en-
zymes. Copper has been identified as a limit-
ing factor for dangerous algal blooms in a hy-
pertrophic lake (Zhang et al., 2019). The COD 
values, reflecting the overall concentration of 
organic contaminants in the water (Moussa and 

Al-Magdamg, 2024), beyond the allowable 
threshold of 100 ppm, as stipulated by the Iraqi 
River Maintenance System No. 25 of 1967. The 
increase in winter pollution in the most con-
taminated areas, specifically S.2 and S.5, is due 
to the inadequate effectiveness of the Rustumi-
yah stations regarding sewage treatment regu-
lations, leading to a decline in water quality 
(DʼAlelio et al., 2022). The prevalence of phy-
toplankton throughout the autumn and spring 
seasons is attributed to various variables, in-
cluding heightened turbidity, pH levels, salin-
ity, vigorous currents, ample sunlight, reduced 
transparency, and mild temperatures (Adesakin 
et al., 2019). The actions of herbivores and 
heterotrophic microorganisms influence phyto-
plankton growth (Giripunje et al., 2013).

CONCLUSIONS 

Trace quantities of Zn, Fe, and Cu were be-
low the natural thresholds of Iraq’s public and 
river water contamination prevention standards. 
Increasing phytoplankton activity, growth, and 
eutrophication is nutritious. Organic and indus-
trial waste contain heavy metals, medicines, 
and other toxins that boost algal biomass. The 
predominance of blue-green algae is alarming, 
because some forms survive high antibiotic con-
centrations, unlike diatoms. Antibiotics break 
down the silica-based structure of diatom bod-
ies, reducing populations and stopping reproduc-
tion. Blue-green algae dominate aquatic envi-
ronments, degrading water quality. Due to their 
toxin generation and proliferation in nutrient-
rich settings, several species harm aquatic crea-
tures, particularly fish. Numerous studies have 
demonstrated that Rustamiya’s treatment facili-
ties cannot handle the city’s growing wastewater 
output. Innovative tactics to reassess and deploy 
novel treatment procedures that reduce treat-
ment facility demand are advocated to maintain 
phytoplankton diversity and abundance, a vital 
part of the ecosystem’s food chain. This reduces 
the level of pollutants in Tigris and Diyala.
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