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Abstract
The presence and distribution of phytoplankton algae, which are
related to water properties, are affected by these factors. Non-diatomic
Received: 10/May/2025 algae sampl_es were col_lec_ted _duriqg the_ autumn season in 2024-2925
Accepted: 1/September/2025 _from three sites on the T_|gr|s River, including the Samarra pharmageutlgal
Published: 20/January/2026 industry, _vvoolen spinning fac_tory, and paper waste Ian_dflll, to identify
. algae resistant to dye pollution. The study found slight temperature
doi.org/10.30526/39.1.4182 variations in three sites, with the highest temperature in the first site being
23.62 °C and the lowest in the second site being 20.67 °C. The water was
found to be alkaline, with slightly reduced pH values at the first site. The
electrical conductivity (EC) values were high, with the highest rate in the
© 2026 Th first site at 956.33 ps/cm and the lowest at 537.67 ps/cm. The total
= . € dissolved solids in water varied significantly at the three sites. The study
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e differences in planktonic algae species in different sites, with blue-green
algae having the highest percentage in the second and third sites, making
them a target for studying biological purification of dyes.
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1. Introduction

The indiscriminate exploitation of water has become more pressing due to a number of
circumstances, including rapid urbanization, industrialization, and technological advancement 1.
The presence and distribution of phytoplankton algae are linked to the chemical and physical
characteristics of water and are impacted by climate change, which in turn affects the stability of
the aquatic food web? Other environmental factors that affect water systems include the
morphology and geology of the water body, the presence of pollutants, and human activities® 4,
Water contamination is a global issue that has been made worse by rapid population increase and
urbanization. The use of artificial dyes to color finished goods has increased in the industrial in
response to the challenge posed by industrialization. Large amounts of these dyes are released
into wastewater, and their presence in water reduces light transmission and photosynthesis,
which has a significant impact on aquatic organisms. Paper, tanning, textiles, rubber, plastic,
cosmetics, and coloring compounds are examples of materials that employ dye to provide color.
The textile industry uses a lot of water and releases coloring compounds into the garbage,
making it the most polluting of these industries®.
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Untreated sewage release poses a serious threat to both human health and the aquatic habitat.
The textile industry is the largest user of water and dyes, which leads to serious water
contamination. By decreasing the amount of light that reaches receiving water bodies, industrial
dye-containing products have an impact on the development of bacteria and the photovoltaic
activities of aquatic creatures. Additionally, by creating a thin layer on the receiving body of
water's surface, vacuum dyes lower the amount of dissolved oxygen in the water®. Furthermore,
the consumption of this kind of substance raises the chemical oxygen demand (COD), a measure
of high-level pollution’. In addition, they cause severe harm to the liver, kidneys, reproductive
system, brain, and central nervous system, as well as skin irritation, allergies, cancer,
neurobehavioral problems, autoimmune illnesses, and other health conditions like nausea,
vomiting, and paralysis 81°.

Inks that contain a variety of chemical extracts and organic solvents, including di-isobutyl
phthalate, ethanol, dimethyl sulfoxide DMSO, di-butyl phthalate, and propanol, are known as
printing inks. Tiny but incredibly absorbent, ink dyes frequently include heavy metals, including
cadmium, mercury, lead, and chromium, which can be harmful even if absorbed over an
extended period of time. This newspaper can harm aquatic life and have an impact on humans
through the food chain system when it is dumped into the water due to pollution or waste items
11-13 Bacteria and microalgae have the capacity to decolorize wastewater by taking the place of
the majority of other species ' *°. With the addition of nutrients, bioremediation technology uses
biological agents (bacteria, algae, fungi, etc.) to promote the growth of its culture in a dye stress
environment & 7, Isolating and selecting the right microbes, then scaling up to enable textile
waste treatment and decolorization, is another way to accelerate this process at the laboratory
scale 8. Numerous methods are employed by the microorganisms that carry out biodegradation,
including biological absorption, bioaccumulation, dilution, elimination, and mineralization of
hazardous wastewater molecules into innocuous or even advantageous compounds®®. Using
algae's capacity to remove or break down pollutants, algal remediation is a unique kind of
bioremediation. Because of their unique metabolic properties, algae can remediate toxins in a
variety of settings by using processes like bioabsortion, bioaccumulation, and breakdown 2% 22,
To identify the species, the study intends to ascertain the quality and quantity of the major algae
found close to the locations where manufacturing waste rich in dyes is discharged from areas
contaminated with dye waste.

2. Materials and Methods

Three locations—two in the city of Baghdad and one in the province of Salah Al-Din—were
used to Collection algal samples from the Tigris River. The locations were chosen based on the
amount of waste present. In the Salah Al-Din Governorate, the samples were taken near the
wastewater outlet of the woolen spinning and textile industry in the Al-Kadhimiya area and in
the Al-Rashid area because of the landfills that contain waste from paper and printing presses
Figure 1.
A GPS device was used to locate the sample collection locations on the map Table 1. Planktonic
algae samples were collected using a network of plankton with a diameter of 20 um, in
accordance with the method adopted by Furet and Benson-Evans 22. Water samples were
collected at a depth of 30 cm from each site in sterile polyethylene containers with a capacity of
1 liter to determine some chemical variables upon return to the laboratory and some physical
variables were measured directly during sample collection®. After making temporary glass
slides for each place, the algae were examined using a light compound microscope. The
diagnosis was made using a variety of available references®*26.
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Figure 1. The study area at three sites from the Tigris River: two sites within Baghdad City and one site within the
borders of Salah al-Din governorate with geolocation device%2.

Table 1. Study sample collection sites according to latitude and longitude with geolocation device.
Device Reading

Study Sites Longitude (East) Latitude (North)

1% site 49.84 88 43 96.90 20 34
2 site 80.83 32 44 45.54 38 33
3" site 18.9 25 44 195 19 33
3. Results

Water temperatures varied somewhat between sites, with the first site recording the highest-
level temperature at 23.62°C and the woolen spinning and textile industry in the Al-Kadhimiya
area recording the lowest temperature at 20.67°C Table 2.

The findings of this investigation demonstrated that the water was alkaline in all three locations,
with the woolen spinning and textile industry having the highest rate at 7.67 and the first site
having the lowest rate at 7.60. The range of change was minimal Table 2.

The three sites' pH and temperature did not differ much, according to statistical analysis, and the
outcomes were comparable. At the first site, the electrical conductivity (EC) values had the
greatest rate, 956.33 uS/cm. The lowest rate in the second location was 537.67 uS/cm Table 2.
When electrical conductivity readings were compared to those from earlier investigations, they
were found to be high. There was a discernible relationship between the electrical conductivity
and total dissolved solids values; the first site had the greatest total dissolved solids rate, 676.33
mg/L, while the third site had the lowest rate, 396.33 mg/L Table 2. The first site had the highest
percentage of sulfate at 318.00 mg/l, while the third site had the lowest percentage at 184.00
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mg/l Table 2. The conductivity and TDS recorded high values compared to previous studies on
the Tigris River at the same sites, as the high temperatures and increased evaporation rates help
increase the concentration of salts and ions within the water column, but the high values of
conductivity and TDS were not affected by the high temperatures. The highest rate recorded
during spring is ascribed to the impact of the large amounts of ion-rich organic pollutants “°,

According to Table 2, the first site had the greatest nitrate and phosphate rates (30.30, 7.06
mg/l), the third site had the lowest nitrate rate (2.10 mg/l), and the second site had the lowest
phosphate rate (3.22 mg/l). High nutrient concentration indicates a decrease in the number of
planktonic algae because they are major nutrients and there is an inverse relationship between

them. This is consistent with previous studies' +?
Table 2. Physical and chemical parameters (average values) of water from different sites during the period studied.

Sites Samarra The woolen spinning Printing
Pharmaceutical and textile factory / P-value
1st 2nd Srd
Parameters Mean+S.E
Water temperature 23.62+0.88% 20.67+1.00° 22.17+0.17° 0.05"
pH 7.60+0.062 7.67+0.91° 7.65+0.03? 0.01"
TDS(mg/1) 676.33+0.332 456.33+0.33¢ 396.33+0.88" 0.001™
(Eizfg;'sa' conductivity  g56 5340 332 537.67+0.33¢ 542.00+£0.00° 0.001"
Sulfate (SO4) mg/I 318.00+0.58° 282.00+0.00° 184.00+0.58° 0.01™
Nitrates (NOs) mg/I 30.30+0.052 3.30+0.002 2.10+0.00° 0.05™"
Phosphate (PO4) mg/I 7.06+0.01° 3.22+0.00° 4.12+0.01° 0.05"

The findings showed that the total number of planktonic algae species varied depending on the
study sites Table 3. Specifically, 21 species were found in the second site, 20 species in the
third site, and 16 species in the first site. Blue-green algae, on the other hand, had the most
species in the second and third sites. While euglenoid algae recorded only one species across all
sites, 10 species were recorded, with the initial site having the fewest number, just two Figures 2
and 3. Blue-green three-order characterized algae are displayed in Table 4. The order
Chroocococales has the most species known to science. This order is distinguished by the fact
that the majority of its members are either unicellular or aggregated in colonies, meaning that the
majority of these species choose to live as plankton in the water column. Seven species were
found belonging to the order Oscillatoriales, whereas the order Nostocales had the fewest
species. While the order of Chlorococcales, dominated with 27 species, followed by

Siphonocladales (Cladophorales) with three.
Table 3. The number of genera and species in the different study sites.
Taxa St.1 St.2 St.3
Division: Cyanophyta
Class: Cyanophyceae
1. Order: Chroocococales
Chroococcus varius A. Braun.
Gleocapsa aetuginousa (Gram) Keutzing
Gleocapsa punctata. Naegeli.
Microcystis sp.
Merismobedia glauca (Ehrenb.) Naegeli.
Merismobedia punctata Meyen.
Merismobedia tenuissima Lenmmerwann.
2. Order: Nostocales
Anabaena wiscensinense Prescott.
Nodularia spumigena Mertens in Jurgens. +
Nostoc linckia (Roth) Bornet. +
3. Order: Oscillatoriales
Arthrospira platensis var. non Constricta (Banexjii). + +
Oscillatoria amphibia Agardh + + +

+ 4+ 4+ 4+ ++ o+
+ + + 4+

+
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Taxa
0. angustissima West and West
O. lacustris (Kleb.)Geitler.
Division: Chlorophyta

Class: Chlorophyceae

1. Order: Chlorococcales

Coelastrum cambricum Archer.
C. microsporum Maegeli in A.Braun
Pediastrium broyanum var. undulatum Wille.
P. duplex var. cohaerens Bohlin.

P. duplex var. reticulatum lagerheion Lagerheim.

P. simplex (Meyen)Lemmermann.

P. simplex var. duodenarium (Bailey)Rabenhorst .

P. tetras (Ehrenb.)Ralfs.

Ankistrodesmus convolutus Corda.
Chlorella vulgaris

Kirchneriella contorta (Schmidle). Bohlim.
Oocystis borgei Snow.

Tetraedron minimum.(A.Braun)Hansg.
Westella botryoides.(W.West) De Wildemann.
Actionastrium gracillium G. M. Smith.

A. hantzschii var. elongata.G.M.Smith*
A. hantzschii Lagerheim.

Crucigenia quadrata.

Scenedesmus obliquus.

S. quadricauda.

. quadricauda var. westii.

. quadricauda var. maximus.

. arcuatus var. Platydiscus. G. M. Smith.
. bijuga (Trup.) Lagerheim.

. bijuga var. alternans (Reinsch) Hans.
S. quadricauda var. longspina.
Tetrallantos lagerheimii Teiling

2. Order: Ulotichales

Ulolhrix tenuissima Kuetzing.

3. Order: Siphonocladales(Cladophorales)
Cladophora glomerata (L.) KTZ.
Cladophora insignis (Ag. C. A) Kg.

n ;mwmumwm

Cladophora oligoclona (L.) Hoe KTZ. (synt. C. rivularis).

4. Order: Zygnematales
Cosmarium meneghinii de Brebisson.
Division: Euglenophyta
Class: Euglenophyceae
Order: Euglenales
Euglena gnacilles. Klebs.

St.1

+ 4+ + +

+ +

+

+

St.2

+

+ 4+ 4+ + o+

+

+ 4+ 4+ + +

+ 4+ + 4+

+

+

Table 3._Number of genus and species pf algae diagnosed in study sites
Euglenophyta

Taxa  Cyanophyta Chlorophyta
Site Genus species Genus

st.1 1 2 12
st.2 7 10 11
st.3 7 10 11
Total 8 14 15

species

16
21
20
32

Genus
1

1
1
1

species
1

1
1
1

Total

Genus

14
19
19
24

St.3

+ 4+ + + 4+

+ +

species
19
32
31
47
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Figure 2. Percentages of algae species diagnosed at the three sites.
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Figure 3. Numbers of species diagnosed for each algal divisions within the three sites.

4. Discussion

In the aquatic environment, temperature is the most significant environmental component. It
impacts the characteristics of water and, consequently, the life forms that inhabit it. It is a crucial
element that determines the distribution of living things on Earth and influences the
physiological behavior of aquatic species  2’. High or low temperatures have an impact on the
pace of algal development because many algae need temperatures between 30 and 15°C for
photosynthesis and cell division, whereas the ideal temperature range for growth is between 25
and 20°C. Additionally, high temperatures have an impact on protein synthesis %'
The pH impacts on the chemical and physical characteristics of water and is linked to the
presence of various biological forms. Since these characteristics are markers for evaluating water
quality and are significantly impacted by climatic factors as well as the lingering effects of
human activity, they play a significant role in the nature and behavior of a variety of aquatic
species, including plant algae 2. Alkaline water contains bicarbonate and carbonate ions and has
an alkaline tendency; this could be the result of water hardness's regulating ability. This is in
accordance with both past and present research on the Tigris 2% %,
The growth of numerous species of algae in wastewater released from the first site straight into
the river causes organic matter to rise and dissolved carbon dioxide gas to be produced, which is
the cause of the minor drop in pH values at the first site 3. Tons of sand sediment delivered by
rivers and other salt-laden elements may be the cause of the rise in electrical conductivity, which
is the supply of water to the electric current and is dependent on temperature, ion type, and
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concentrations 2,

The rise of electrical conductivity readings could be linked to an increase in the total dissolved
solids in the water as a result of soil erosion in the river and rain®. Furthermore, the three
locations differ from one another in a quite significant way. Due to the significant amounts of
wastewater released from the first site, high conductivity levels were also noted at the third site
during the research period °. Iragi water is rich in sulfate ions, according to studies 3.

The first site had more sewage waste entering the river because of the sulfate ion richness of the
sewage waste %,

According to numerous studies, the abundance of organic materials released from the first site
and detergent residues is the source of the increase in nutrients, which in turn leads to a rise in
nitrates and phosphates °.

Numerous studies indicate that the increase in nutrients, which in turn causes an increase in
nitrates and phosphates, is caused by the amount of organic materials released from the initial
site and detergent residues *'.

The high biodiversity of the study locations was facilitated by the availability of nutrients like
nitrogen and phosphate as well as algae growth-promoting auxiliary factors like dissolved
oxygen. When there are more species than genera of algae identified in any given ecosystem, it
appears that there is high biodiversity because there are more growth-promoting elements
available, such as dissolved oxygen and nutrients like nitrogen and phosphate 33,

The orders Ulotichales and Zygnematales each recorded one species, while euglenoid algae
recorded the fewest species due to their preference for Euglenophyta prefer shallow, low-flowing
sites rich in organic pollutants such as food debris, so few species were identified in the study®.
The high number of species in the second and third sites was noted because the study sites were
characterized by the presence of various pollutants, which made the water rich in phytonutrients
represented by nitrates and phosphates®. The Tigris River in the second site is described as an
open running area and is the most polluted with organic matters; in addition to the industry
expository, many households dumped household waste into the river by houses near the river,
and in addition to the movement of some organic pollutants represented by food residues, food
utensils, and plastic bottles that drifted with the stream of water and accumulated near the sample
collection site “°. The increase in organic pollutants in river water causes a high diversity of
planktonic algae, which provides many important nutrients for the growth and diversity of
algae™.

The presence of antibiotic residues and industrial trash is the cause of the first site's low diversity
of planktonic algae*'. showed that while the presence of antibiotics and industrial residues
disrupts the growth of some algae species at the expense of other species, the waste discharged to
the riverbed from the remnants of industry increases the nutrients that promote the growth of
phytoplankton. Some species of Cyanophyta are resistant to high antibiotic concentrations;
however, most other species are susceptible to antibiotics due to their prokaryotic nature and are
more affected than green algae. As a result, the number of Chlorophyta species rises at the
expense of Cyanophyta 2,

High concentrations of organic dyes found in grain dye are also suggested to be among the
industrial residues; this is supported by a study **, which found that azo dye accounts for 70% of
all dyes used globally and makes up the majority of artificial dyes. Textile, paper, food, tanning,
pharmaceutical, and cosmetic factories all use it. Concentrations of these dyes are present in
purification tank water, and studies on the effectiveness of green algae in degrading industrial
dyes have shown that these algae, particularly Chlorella pyrenoidosa and Chlorella vulgaris,
have a higher capacity to break down azo dyes and transform them into amino compounds that
are easier to absorb and decompose in the environment than blue-green algae, which have a
lower surface area capacity than single-celled green algae 4.

Because it serves as a final dump for papers and printing ink remnants, as well as a location to
dispose of the trash from the spinning and textile plant, this explanation is applicable to the
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second and third research sites. The most efficient way for algae to break down azo dyes into
their simpler components was in these locations. Chlorella vulgaris was identified in every site,
demonstrating their capacity to degrade industrial colors and their resilience to ink
contamination. This is in line with research showing that numerous algae species, including
Chlorella sp. and Oscillatoria spis, can break down azo dyes into their aromatic amines and
convert those amines into carbon dioxide or simpler organic molecules 2%,

The fact that samples are being collected in special tanks for the collection of liquids released
from the first site, which means that the area is smaller than that of the river and has low
pollution from organic matters, is another factor contributing to the decline in species at the first
site 34,

5. Conclusion

The study found slight temperature variations in three sites. The water was alkaline, with
slightly reduced pH values. The electrical conductivity was high, and total dissolved solids
varied significantly. The study identified 24 phytoplankton algae genera, with Chlorophyta
having the highest percentage in the study sites, making them a target for studying biological
purification of dyes. Especially the single-celled or colonial-like ones, as these species have a
high ability to deal with various pollutants and are considered among the species resistant to
pollution by various compounds. Compared to the filamentous species, which were identified in
smaller numbers, whether they were Chlorophyta or Cyanophyta.

Acknowledgment

We thank the advanced aquatic lab staff in the Department of Biology, College of Education
for Pure Sciences (Ibn Al-Haitham), University of Baghdad, for the sample analysis in the
laboratory.

Conflict of Interest

The two authors designed the study; Siham Mohaisen Jiheel carried out the field and
laboratory work. The data were analyzed statistically by Buthaina Al-Magdamy. The first draft
of the manuscript was written by Siham Mohaisen Jiheel. The final version of the manuscript
was revised by Buthaina Al-Magdamy.

Funding
No funding.

References

1. Thorat BN, Sonwani RK. Current technologies and future perspectives for the treatment of complex
petroleum refinery wastewater: a review. Bioresour Technol.

https://doi.org/10.1016/j.biortech.2022.127263.

2. Flayyih AH, Al-Magdamy BA. 2025. The role of green algae (Chlorococcum Humicola) in the
bioremediation of polycyclic aromatic hydrocarbons. Opera Med Physiol. 2025. 12 (2);27-42
https://doi.org/10.24412/2500-2295-2025-2-27-42

3. Al-Husseini KH, Alsalman AIM. Quarterly variation and their impact on phytoplankton dynamics in
the Gharraf River environment in southern Irag. Plant Arch. 2020;20(1):1354-1360.

4. Akhtar N, Syakir Ishak MI, Bhawani SA, Umar K. Various natural and anthropogenic factors
responsible for water quality degradation: A review. Water. 2021; 13(19): 2660.
https://doi.org/10.3390/w13192660.

5. Sarayu, K.; Sandhya, S. Current Technologies for Biological Treatment of Textile Wastewater—A
Review. Appl. Biochem. Biotechnol. 2012, 167, 645-661. https://doi.org/10.1007/s12010-012-9716-6.

6. Sulekovda M, Smréova M, Hudék A, HeZelova M, Fedorovda M. Organic colouring agents in the
pharmaceutical industry. Folia Vet. 2017;61(3):32—-46. https://doi.org/10.1515/fv-2017-0025.



https://doi.org/10.1016/j.biortech.2022.127263
https://doi.org/10.24412/2500-2295-2025-2-27-42
https://doi.org/10.3390/w13192660
https://doi.org/10.1007/s12010-012-9716-6
https://doi.org/10.1515/fv-2017-0025

IHJIPAS. 2026; 39(1): 1-10

7. Lellis B, Zani Favaro-Polonio C, Pamphile JA, Polonio JC. Effects of textile dyes on health and the
environment and bioremediation potential of living organisms. Biotechnol Res Innov. 2019;3:275—
290. https://doi.org/10.1016/j.biori.2019.09.001.

8. Yusuf M. Synthetic dyes: a threat to the environment and water ecosystem. In: Shabbir M, ed. Textiles
and Clothing. Hoboken, NJ: Wiley; 2019:11-26.

9. Sharif A, Nasreen Z, Bashir R, Kalsoom S. Microbial degradation of textile industry effluents: a
review. Pure Appl Biol. 2020;9(4):2361-2382.

10.Al-Tohamy R, Ali SS, Li F, Okasha KM, Mahmoud YA-G, Elsamahy T, Jiao H, Fu Y, Sun J. A
critical review on the treatment of dye-containing wastewater: ecotoxicological and health concerns of
textile dyes and possible remediation approaches for environmental safety. Ecotoxicol Environ Saf.
2022;231:113160. https://doi.org/10.1016/j.ecoenv.2021.113160.

11.Tarnow P, Hutzler C, Grabiger S, Schon K, Tralau T, Luch A. Estrogenic activity of mineral oil
aromatic  hydrocarbons used in  printing inks. PLOS ONE. 2016;11:e0147239.
https://doi.org/10.1371/journal.pone.0147239

12.Sonone S, Jadhav S, Singh Sankhla M, Kumar R. Water contamination by heavy metals and their toxic
effect on aquaculture and human health through food chain. Lett Appl NanoBioSci. 2021;10:2148—
2166.https//doi.org/10.33263/LIANBS102.21482166

13.Islam T, Repon MR, Islam T, Sarwar Z, Rahman MM. Impact of textile dyes on health and ecosystem:
a review of structure, causes, and potential solutions. Environ Sci Pollut Res Int. 2023;30(4):9207—
9242. https://doi.org/10.1007/s11356-022-24398-3.

14.Sudarshan S, Harikrishnan S, Rathi Bhuvaneswari G, Alamelu V, Aanand S, Rajasekar A,
Govarthanan M. Impact of textile dyes on human health and bioremediation of textile industry effluent
using microorganisms: current status and future prospects. J Appl Microbiol. 2023;134(2):1xac064.
https://doi.org/10.1093/jambio/Ixac064.

15.Mahlangu D, Mphahlele K, De Paola F, Mthombeni NH. Microalgae-mediated biosorption for
effective heavy metals removal from wastewater: A review. Water. 2024;16(5):718.
https://doi.org/10.3390/w16050718.

16.Mishra S, Maiti A. Effectual bio-decolourization of anthraquinone dye reactive blue-19 containing
wastewater by Bacillus cohnii LAP217: process optimization. Bioremediat J. 2019;24:1-20.
https://doi.org/10.1080/10889868.2019.1671793.

17.1brahim TM, Nayyef RH, AL-Magdemy BAAH. Effect of algal extracts on the growth of two bacterial
types isolated from pollutants discharge. Indian J Forensic Med Toxicol. 2020;14(1):741-4.

18.Durmus Z, Kurt BZ, Durmus A. Synthesis and characterization of graphene oxide/zinc oxide
(GO/ZnO) nanocomposite and its utilization for photocatalytic degradation of basic fuchsin dye.
ChemistrySelect. 2019;4:271-8. https://doi.org/10.1002/slct.201803159.

19.Donkadokula NY, Kola AK, Naz I, Saroj D. A review on advanced physico-chemical and biological
textile dye wastewater treatment techniques. Rev Environ Sci Biotechnol. 2020;19:543-60.
https://doi.org/10.1007/s11157-020-09523-X.

20.Gupta PK, Gharedaghloo B, Lynch M, Cheng J, Strack M, Charles TC, Price JS. Dynamics of
microbial populations and diversity in NAPL-contaminated peat soil under varying water-table
conditions. Environ Res. 2020;191:110167. https://doi.org/10.1016/j.envres.2020.110167.

21.Kumar A, Nighojkar A, Varma P, Prakash NJ, Kandasubramanian B, Zimmermann K, Dixit F. Algal-
mediated intervention for the retrieval of emerging pollutants from aqueous media. J Hazard Mater.
2023;455:131568. https://doi.org/10.1016/j.jhazmat.2023.131568.

22.Furet JE, Benson-Evans K. An evaluation of the time required to obtain complete sedimentation of
fixed algal particles prior to enumeration. Br Phycol J.  1982;17(3):253-8.
https://doi.org/10.1080/00071618200650191.

23.American Public Health Association. Standard Methods for the Examination of Water and
Wastewater. 23rd ed. Washington DC: APHA/AWWA/WPCF; 2017.

24 .Desikachary TV. Cyanophyta. New Delhi: Indian Council of Agricultural Research; 1959.

25.Prescott GW. Algae of the Western Great Lakes Area. Dubuque (I1A): W.C. Brown; 1973.

26.Hinton GCE, Maulood BK. Contribution to the algal flora of Irag: the non-diatom flora of southern
marshes. Nova Hedwigia. 1982; 37:49-63.

27.Sawant RS, Desai PD, Desai JS. Variations in hydrobiological characteristics of Atyal Pond in
Gandhinglaj Tehsil, Kolhapur District, MS, India. Nat Environ Pollut Technol. 2010; 1:97-101.



https://doi.org/10.1016/j.biori.2019.09.001
https://doi.org/10.1016/j.ecoenv.2021.113160
https://doi.org/10.1371/journal.pone.0147239
https://doi.org/10.1007/s11356-022-24398-3
https://doi.org/10.1093/jambio/lxac064
https://doi.org/10.3390/w16050718
https://doi.org/10.1080/10889868.2019.1671793
https://doi.org/10.1002/slct.201803159
https://doi.org/10.1007/s11157-020-09523-x
https://doi.org/10.1016/j.envres.2020.110167
https://doi.org/10.1016/j.jhazmat.2023.131568
https://doi.org/10.1080/00071618200650191

IHJIPAS. 2026; 39(1): 1-10

28.Azani N, Ghaffar MA, Suhaimi H, Azra MN, Hassan MM, Jung LH, Rasdi NW. The impacts of
climate change on plankton as live food: A review. IOP Conf. Ser.: Earth Environ. Sci.
2021;869:012005.

29.Al-Lami A. A comparative environmental study of zooplankton in water bodies of varying salinity in
central Irag. Ibn Al-Haitham J. Pure Appl. Sci. 2004;17(1):11-16.

30.Al-Janabi Z. Applications of water quality indicators in the Tigris River within the city of Baghdad-
Irag. [MSc thesis]. Baghdad: College of Science for Women, University of Baghdad; 2011.

31.Hodgins G, Robinson CE, Roy JW, Power C. Characterization of subsurface pathways contributing to
freshwater salinization of urban streams using electrical and electromagnetic imaging techniques. Sci
Total Environ 2023; 905:167225. https://doi.org/10.1016/j.scitotenv.2023.167225.

32.Dudgeon D, Arthington AH, Gessner MO, Kawabata Z, Knowler DJ, Lévéque C, Naiman RJ, Prieur-
Richard AH, Soto D, Stiassny MLJ, Sullivan CA. Freshwater biodiversity: importance, threats, status
and conservation challenges. Biol Rev. 2006;81:163-182.
https://doi.org/10.1017/S1464793105006950.

33.Abdemanafi D, Meshkatee A, Hejam S. The study of pH, total dissolved solids (TDS), electrical
conductivity (EC), total alkalinity and total hardness of rain water over Tehran city. J Clim Res
2021;1399(44):1-14. https://clima.irimo.ir/article 127730 _en.html.

34.Al-Fatlawi HJJ. Environmental study and the quality and quantity of algae in the Euphrates River
between the districts of Al-Hindiya and Al-Manathira. [PhD thesis]. Babylon: Department of Life
Sciences, College of Science, University of Babylon; 2011.

35.Hassan BA, Ibrahim TM, Al-Salman IM, Ismael AM. Impact of water mixing areas in qualitative
variations of phytoplankton algae and some physicochemical characteristics of water on a section of
Tigris River. Plant Arch. 2018;18(2):2477-2484.

36.Rasheed KA, Flayyh KA, Dawood AT. The biological indicators studies of zooplankton in the Tigris
River at the city of Baghdad. Int. J. Environ. Agric. Biotechnol. 2017;2(1).
https://doi.org/10.22161/ijeab/2.1.19Zendy

37.Abdul Majeed MKM. Evaluation of some physicochemical and biological properties of liquid waste
from the Medical City compound / Baghdad and treatment with nanotechnology. [MSc thesis]. Tikrit:
College of Education for Pure Sciences, Tikrit University; 2022.

38.Héader D-P, Hemmersbach R. Euglena, a gravitactic flagellate of multiple usages. Life. 2022; 12:1522.
https://doi.org/10.3390/1ife12101522.

39.0leiwi AS, Al-Dabbas M. Assessment of contamination along the Tigris River from Tharthar-Tigris
canal to Azizziyah, middle of Iraq. Water.2022; 14(8): 1194.

40.Grenni P, Ancona V, Caracciolo AB. Ecological effects of antibiotics on natural ecosystems: a review.
Microchem J. 2018; 136:25-39. https://doi.org/10.1016/j.microc.2017.02.006.

41.Guo J, Selby K, Boxall AB. Effects of antibiotics on the growth and physiology of chlorophytes,
cyanobacteria, and a diatom. Arch Environ Contam Toxicol. 2016; 71:589-602.
https://doi.org/10.1007/s00244-016-0305-5.

42.Hammadi AD. Isolation and diagnosis of some bacterial isolates capable of dye-decolourizating from
the wastewater of Samarra Pharmaceutical Company, Irag. [MSc thesis]. Ibn Al-Haitham, University
of Baghdad; 2022.

43.Naji NS, Salman JM. Effect of temperature variation on the efficacy of Chlorella vulgaris in
decolorization of Congo red from aqueous solutions. Biochem Cell Arch. 2019;19(2):4169-4174.

44 National Center of Water Resources Management. Water Quality Study of Main Rivers in Iragq (2005—
2020), Ministry of Water Resources, National Center of Water Resources Management: Baghdad City,
Irag, 2021; unpublished report data.

10


https://doi.org/10.1016/j.scitotenv.2023.167225
https://doi.org/10.1017/S1464793105006950
https://clima.irimo.ir/article_127730_en.html
https://doi.org/10.22161/ijeab/2.1.19
https://doi.org/10.22161/ijeab/2.1.19
https://doi.org/10.3390/life12101522
https://doi.org/10.1016/j.microc.2017.02.006
https://doi.org/10.1007/s00244-016-0305-5

