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The current study aimed to detect some freshwater pollution with microplastics and measure their sizes and numbers using fluorescence technology in three locations: the first (Shatt al-Hillah), the second (al-Hashimiyah River), and the third (al-Diwaniyah River) in Iraq. This was done by examining some of the physical and chemical properties of the three locations during the fall of November 2023. The current study showed that the physical and chemical properties recorded the highest values ​​for (air-water temperature for Site 1, pH for Site 2, electrical conductivity (EC) for Site 3, turbidity (TU) for Site 3, total dissolved solids (TDS) for Site 3, and salinity (SAL) for Site 3, respectively, at 26-7°C, 8.16 and 1125 microsiemens/cm², 8.52 NTU, 757 mg/L, and 0.58 millisiemens/cm². While the current study recorded the lowest values ​​for the physical and chemical properties, respectively. 5-24°C and 6.8°C at site 1, 511 microsiemens/cm³ at site 1, 4.80 NTU at site 1, 617 mg/L at site 1, and 0.36 mS/cm³ at site 1.
The study also recorded various sizes of plastic particles, ranging from 1-100 micrometers. The highest values ​​for plastic particle numbers were for phosphorous green polystyrene, at 152 particles/L at site 1, 56 particles/L at site 2, and 58 particles/L at site 3. The study recorded the lowest values ​​for plastic particle numbers for orange polyethylene, at 15 particles/L at site 1, 12 particles/L at site 2, and 9 particles/L at site 3. The red polyethylene particles were 42 particles/L at site 1, 18 particles/L at site 2, and 20 particles/L at site 3. The results of the current study confirmed the presence of water pollution by plastic particles of all three types, by detecting their sizes and numbers using molecular fluorescence technology using Nile Red dye at the study sites.
Aim
1- Studying some of the physical and chemical properties of water in the study areas.
2- Using Nile Red dye to detect some plastic particles in the study sites.
3- Detecting the types, sizes, and numbers of plastic particles using molecular fluorescence technology.


1-Introduction
Environmental pollution is a major problem that indicates an undesirable change within the components of the natural environment, which has harmful effects on humans and animals (Byjus, 2022). Water pollution also refers to the presence of any physical, chemical, or biological substance in water in excessive quantities that may alter its quality and cause harm to living organisms. Unpolluted water is colorless, odorless, and tasteless, while polluted water has a bad taste and odor and may appear cloudy, despite the presence of some pollutants that cannot be seen with the naked eye, such as pesticides, microscopic organisms, and plastic particles that travel through the water and cause diseases (Byjus, 2022). The physical and chemical properties of the water column also reveal the potential interactions that have occurred and resulted from them, as well as the interaction and levels of positive and negative relationships between properties and plastic particles (Malik et al., 2020). Plastic pollution is known to be one of the fastest growing environmental challenges of our time and threatens our ability to implement most, if not all, of the United Nations Sustainable Development Goals, including climate change goals (Walker and Xanthos, 2021). Studies confirm that plastic pollution is the accumulation of synthetic plastic products in the environment to the point that it causes problems for aquatic life. Plastic pollution has become one of the most important issues, as it is a global problem. The overuse of plastic materials has led to climate change through the excessive consumption of plastic materials, which are represented by common plastic materials such as (polyethylene, polystyrene, nylon, polyamide, polyvinyl chloride, and polypropylene) (Issac & Kandasubramanian, 2021) and (Lagard et al. 2016). Many recent studies have shown that microplastics are small pieces of plastic, generally known as microplastics, with a diameter of less than 5 micrometers, resulting from the breakdown of larger molecules into MPs due to environmental factors, different from the breakdown of large molecules into small pieces. This results in an increase in the surface area of ​​the plastic, which facilitates the easy movement of plastic particles within aquatic environments through water currents that move within different aquatic systems, even those present. In sediments, they return to the water column through sediment agitation and movement by re-suspension. Other sources of microplastics include microfibers, marine paints, cosmetics, and personal hygiene products, which are made with plastics (Niaounakis and Blank, 2020). Studies have described plastics as a versatile material found in almost everything we use today, also known as polymers (Mansour et al., 2024). They are derived from natural and organic sources such as coal, natural gas, and crude oil. Despite the widespread industrial utility of plastics, this valuable resource has become a major concern. Plastic pollutants are polyethylene chemicals with additives used daily for various uses, such as polystyrene, as well as polyethylene (PET, polyvinyl chloride, PVC polyester, PE polyamide, AP acrylic) (Kumar et al., 2021). Plastic pollutants accumulate in rivers, lakes, and beaches. Urier et al. (2020) indicated that the huge quantities of plastic particles that have accumulated in seas and oceans were found in various morphologies and shapes, such as balls, granules, segments, sheets, particles, and fibers. In addition, plastic particles were classified based on the source into microplastics (MPS), which were produced in very small sizes for use in cosmetics, toothpaste, etc. Moreover, plastic is used in our lives due to its properties such as low cost, durability, and resistance to temperature, light, and moisture. There are various forms such as shopping bags, different sizes of bottles, and plastics used in car parts, ships, and airplanes, etc. The consumption of plastic materials is increasing significantly due to the increase in the world population (Clemis., et al 2020).
2-Materials and Methods
2-1- Physical and Chemical Properties (APHA, 2012)
2-1-1- Air and Water Temperature
The air temperature was measured in the field using a conventional thermometer graduated from 0-100°C. The water temperature was also measured using a HANNA multimeter.
2-1-2- pH Meter
The pH was measured in the laboratory using a portable PH meter (Hl_1981) manufactured by Euro Romania. The device was calibrated with standard solutions, and the results were recorded (Behnood et al., 2016 and APHA, 2012).
2-1-3- Electrical Conductivity (EC)
The electrical conductivity of water (the ability of ions in water to conduct current) was measured in the laboratory using a conductivity meter manufactured by WTW/Germany. After calibration, the result was expressed in ms/cm2 (Al Ansari et al. 2013).
2-1-4- Turbidity (NTU)
The Fiveri (2019) and APHA (2012) methods were used, using a turbidity meter manufactured by Laviband/Germany, and the result was expressed in NTU. 
2-1-5- Total Dissolved Solids (T.D.S)
The method of Al Ghandour (2016) and APHA (2012) was used to measure total dissolved solids. A specific volume of water sample (50-100 ml) was filtered through filter paper. The filtrate was then transferred to a well-washed and dried evaporation dish and weighed. The dish was then placed in a water bath until the water sample was dry. It was then transferred to an oven at 103-105°C for two hours to complete drying. Once the dish had cooled in the dryer, it was accurately weighed and the results recorded in mg/L.
2-1-6- Salinity
The method of Hassan (2020) was used using a salinity meter manufactured by Laviband, Germany. The device was calibrated, and the water sample was placed in a 100 ml beaker. The results were recorded in millisiemens/cm³.

2-2- Detection of Plastic Particles (Detection of Microplastics (MPs)
2-2-1- Collection of Water Samples
Surface water samples were collected according to Zhang's (2017) method. 5 liters of water were poured through stainless steel mesh sieves with 75 micrometer openings. The sieve was then washed upside down with 250 ml of distilled water, and the contents were transferred to a 500 ml glass beaker. The sample was then filtered through Glass Fiber (GF) filter paper (mesh = 1 um). The filter papers were placed in Petri dishes and labeled according to the location, season of study, and sample type.
2-2-2 Fluorescence Technique to Identify Plastic Particles in Water Samples
The molecular crystallography technique using a fluorescence microscope was used to identify the type of plastic particles, according to the method of Prata et al. (2021) and Shim et al. (2016, 2017). The Nil Red technique was used to detect microscopic plastic particles. The dye was obtained from Sigma-Aldrich, USA, with the composition shown in Figure (3-8). This dye fluoresces in several colors, such as green, unlike other materials, due to its strong association with plastic particles. This distinguishes it from other materials and makes it widely used. Two to three drops of the dye solution are added to the surface of filter paper and left for 10 minutes. After preparation, the samples are examined using a fluorescence microscope under a 10x magnification lens, using green fluorescence light with excitation wavelengths of 470-530 nm (Ghafel and Alwan, 2022). My agencies:
1. To test the samples, use the Nile Red Detector on 1 ml water samples.
2. The water samples are digested for the presence of organic matter and observed under a microscope. The sample is digested with 10% w/v KOH, ≥85%, at 60°C for 24 hours. The solution is then vacuum-filtered through fiber filters. 0.45 µm glass filter paper with a diameter of 47 mm and a pore size of 1-2 µm is used to prevent plastic particles from passing through and becoming trapped in the filter, i.e., large particles are separated before filtration.
3. This is followed by post-treatment with 50 ml of boiling distilled water.
4. The sample is then extracted using 10 ml of acetone ≥99.5% for 10 minutes, followed by washing with an additional 10 ml of acetone.
5. The dye was prepared for 5 minutes using 0.5 ml of Nile Red (0.01 mg/ml) in reagent-grade ethanol (less than or equal to 99.5%), followed by washing with water. NR dyeing typically produces fluorescence when it adheres to a plastic surface, and each plastic surface produces a different color, as follows:
A. Phosphorescent green, resulting from the reaction of the dye with polyacetylene, such as the plastic of food delivery plates.
B. Orange color, resulting from the reaction of the dye with polyethylene.
C- The red color is the reaction of the dye with polyethylene, as polyethylene contains three types of dyes.
6- The reagent temperature of ethanol and acetone is less than or equal to 99.5. The samples were incubated at 50 or 60°C and then reached an incubation temperature of 60°C to determine the factors affecting filtration rates. The final method consisted of incubating the samples at 60°C for 24 hours in 3/50 ml of 10% KOH, depending on the sample weight, greater or less than 4 g. This was followed by filtration through fiberglass filters and washing with 50 ml of boiling water. This was followed by incubation for 10 minutes with 10 ml of acetone, washing with an additional 10 ml of acetone, and staining for 5 minutes with 0.01 mg of Nile Red, followed by washing with water. 3-3-3- Determining the Diameter and Number of Plastic Particles
To calculate the number of plastic particles and measure their diameter, I used the Fluorescence Microscope method using a Scale Bar, according to the method of Prata et al., (2021) and Shim et al. (2022). The diameter of the plastic particles appeared to be approximately 5-100 microliters at the first, second, and third locations for the plastic particle sizes (green, orange, and red). Their numbers appeared as shown in Table (4-2).

3- Results and Discussion:
3-1- Physical and Chemical Properties
	From the results in Table (4-1), the current study recorded values ​​for water-air temperature ranging from a maximum of 7-26°C at the first site to a minimum of 5-24°C at the third site in the fall. Given its importance as a physical factor in the aquatic ecosystem, it is linked to other chemical-physical factors that are affected by seasonal temperature variations. It also examines the extent of its impact on water column properties, such as electrical conductivity, solubility of various compounds, salinity, turbidity, pH values, dissolved oxygen, carbon dioxide, organic decomposition, and plastic pollutants, as well as the extent of this impact on living components and the properties of the aquatic environment (Baida et al. 2016). The results of the current study indicate differences in temperatures between study sites. This variability may be due to the length of the light cycle, differences in climate lines between sites, and the intensity of sunlight. Therefore, water temperature tends to change depending on changes in air temperature (Al-Saadi, 2013). As temperatures increase, evaporation rates increase, causing increased salinity and concentrations of positive and negative ions, which in turn increases electrical conductivity. The water becomes more hard, which plays an important role in cellular metabolism, the growth, and reproduction of living organisms (Kumar et al., 2013). The water level reaching the water body, the time of sampling, and the nature of the prevailing environmental conditions in each region also affect this, leading to variations in temperature rates across the seasons in the Iraqi environment. This was confirmed by the study of Hussein et al., 2008 and Ghafel and Alwan, 2022. The study results also recorded the highest pH value in the second site of the Shatt al-Hashemia sample, which reached (8.16), and the lowest pH value in the first site of the Shatt al-Hilla sample, which reached (6.8). The high pH value towards alkalinity in the second site is attributed to the presence of the Shomali drain, which drains its water directly into Shatt al-Hilla. It was noted that this water has a very high salinity and affects the soil and then affects agricultural crops through its absorption from the soil by their roots. However, it can be used by crops that tolerate high salinity, provided that soil drainage is taken care of (Abdullah et al., 2018). It was found that the high pH value leads to an increase in the number of plastic particles due to the increase in fertilizers, household waste, and household laundry waste (Abass, 2019). The increase in pH is attributed to some wastes that are thrown into the water and the presence of these wastes of CaCO3, NaOH and the density of phytoplankton and aquatic plants causes an increase in pH. When the pH value increases, the water becomes basic and causes aesthetic problems such as a change in the taste of the water so that it becomes alkaline and difficulty in forming foam (Elsamahy et al., 2022). While the reason for the decrease in the pH value in the first location towards acidity is attributed to the fact that the decrease in pH to less than 6.8 makes the water acidic, so it will dissolve part of the components of the metal pipes that cause water pollution with metal ions such as iron, manganese, copper and zinc, and thus the number of plastic particles will decrease due to the high acidity that works to dissolve the composition of plastic materials (Mahmoud et al., 2022). While the results of the current study showed the highest value of electrical conductivity (EC) in the third location, where its value reached 1125 microsiemens/cm, as the study (Abdullah, (2018) confirmed that this is due to the large amount of waste discharged to the shore, whether industrial, agricultural or domestic, and this leads to an increase in the number of plastic particles significantly. Also, with the increase in salts, electrical conductivity increases because it expresses the presence of salts in the water, as salts increase due to rainfall and high temperatures (Al-Sarouri, 2016). While Loris Nanni (2020) explained the reason for the decrease in the value of Electrical conductivity leads to rising water levels or increased discharge rates, which in turn leads to a decrease in salt concentration, which in turn can be affected by plastic particles. The highest turbidity value was recorded at the third site, at 8.52 NTU. This increase is attributed to the beach's proximity to residential areas, which has led to the dumping of plastic waste into the water, or to the presence of animals swimming in the water, which leads to water movement and mixing. This is in addition to human activities and sewage, which contain large amounts of suspended and organic matter, silt, clay, and crushed rocks that fall into the water. It was found that the increase in turbidity led to an increase in plastic particles, as plastic particles are one of the causes of the increase in turbidity (Dango, 2021). This may be attributed to the presence of microorganisms and harmful chemicals resulting from biodegradable plastic waste. This leads to an increase in the number of plastic particles, which in turn leads to changes in the taste, texture, and color of the water, thus decreasing water quality (Mehdi, 2021). While the reason for the decrease in turbidity at the first site with a value of 4.80 NTU is attributed to the lack of clay and silt sediments due to the speed of water flow, and this flow leads to a change in the number of plastic pollutants (Abass, 2019) and (Ashraf, 2021). While the results of the current study recorded the highest total dissolved solids (TDS) value at site 3, at 757 mg/L, the reason for the increased TDS concentration is attributed to water flowing through rocky areas with a high salt content. These minerals are considered healthy for agriculture, and human practices also contribute to increased TDS levels in surface water. Agriculture, water use, mineral expansion, de-icing using salt, mining, and other activities can all contribute to increased TDS levels (Almardia, 2021). The lowest TDS value was recorded at site 1, at 617 mg/L. This decrease is attributed to the presence of non-biodegradable plastic waste, which remains suspended in the water column, and to domestic and industrial wastewater, which in turn leads to increased numbers of plastic particles (Abdel Moneim, 2021 and Sherrard et al., 1989). While the results of the current study recorded the highest salinity value at the third site, where its value reached (0.58) millisiemens/cm. The reason for this increase is attributed to the variation in temperatures, which leads to an increase in the evaporation rate, and to the dissolved salts added through irrigation water and fertilization, and to the salts present in the soil resulting from the dissolution and continuous erosion of rocks (parent soil) (Mahmoud, 2020). While the lowest salinity value was recorded at the first site, with a value of 0.36 millisiemens/cm, due to surface water runoff and temperature fluctuations, which leads to a decrease in the number of plastic particles, as the number of plastic particles can be affected by salinity in the presence of other factors (Rusukh, 2024).
Table (4-1) Results of physical and chemical properties examination
	نوع الفحص
	الموقع الأول
  شط الحلة
	الموقع الثاني
نهر الهاشمية
	الموقع الثالث
نهر الشامية

	درجة الحرارة الهواء-الماء م°
	26-7
	6-25
	5-24

	pH
	6.8
	8.16
	7.95

	TDS Mg /l
	617
	666
	757

	EC Ms/Cm
	511
	930
	1125

	NTU Tur
	4.80
	6.11
	8.52

	Sal Ms/Cm
	0.36
	0.48
	0.58


Table (4-2) Preparation of plastic particles in the study sites
	الجزيئات
البلاستيكية
	الموقع الأول
شط الحلة
	الموقع الثاني
نهر الهاشمية
	الموقع الثالث
نهر الشامية

	الأخضر الفسفوري
Polystyrene
	152
	65
	58

	البرتقالي
Polyethylene
	15
	12
	9

	الأحمر
 Polyethylene
	42
	18
	20



3-2- Quantitative and qualitative study of plastic particles using fluorescence microscopy.
The results of Table (4-2) indicate that the numbers of plastic particles that appeared, represented by polystyrene with a phosphorous green color, appeared at numerical values ​​of 152, 65, and 58 particles/liter in the following locations: Shatt al-Hillah, Shatt al-Hashimiyah, and Shatt al-Shamiyah, respectively. Meanwhile, the current study recorded values ​​for the numbers of plastic particles represented by orange-colored polyethylene, which appeared at values ​​of 15, 12, and 9 particles/liter in the following locations: Shatt al-Hillah, Shatt al-Hashimiyah, and Shatt al-Shamiyah, respectively. The results of Table (4-2) also indicated the presence of plastic particles represented by red-colored polyethylene with values ​​of 42, 20, and 18 particles/liter in the following locations: Shatt al-Hillah, Shatt al-Shamiyah, and Shatt al-Hashimiyah, respectively. The variation in the increase and decrease of plastic particles in the three sites may be due to the spatial variation of the sites, such as their proximity or distance from agricultural lands, which cause an increase in plastic particles due to the drifts they cause, laden with pesticides and fertilizers (eichelt-Brushett & Oakes, 2023). It also increases due to the disposal of manufactured plastic waste that contains hydrocarbon compounds such as (polystyrene and polyethylene), such as eating utensils, cups, and containers after throwing them into the water (Kibria et al., 2023). A study (Rafique et al., 2020) also showed that the reason for the decrease in plastic particles in some different locations is due to the decomposition of some plastic particles, which is due to variations in temperatures and some chemical and biological factors that contribute to this decomposition and residential areas, as human activity waste is considered one of the most important sources of plastic pollutants in water (Madhav et al., 2020). Many marine organisms ingest plastic materials, which provides a potential mechanism for the transfer and accumulation of hazardous chemicals associated with plastic. It is also due to the presence of some organisms in the water that transfer plastic particles attached to their bodies or that are expelled when these organisms die and decompose (Ryan, 2019). It is expected that plastic in rivers will increase by 70% due to the annual input of pollutants from sewage systems such as care products, laundry fibers, and dust. Home, and wear of car tires (Nikiema et al., 2020). The effect of temperature on the decomposition of oxidized polyethylene with a known surface density shows a decrease in free energy, and the reason for the decrease in polyethylene is its increased adsorption due to high temperatures in different locations (Nikiema et al., 2020). Fluorescence microscopy using Nile Red, a fluorescent dye, was shown to effectively and successfully bind to many microplastics, such as orange-red polyethylene and phosphorescent green polystyrene, which appeared to have sizes of approximately 1-100 microliters, with the exception of some small-sized polyethylene and acetylene, which absorbed the dye to a large extent. This study is consistent with the findings of Shim et al. (2016), which used it to identify the fluorescence contrast of the polymer and to determine the differences in brightness of each particle. This results in a discrepancy between the polymer type, shape, size, color, and method. (Kaile et al., 2020)
The results of the current study are consistent with the findings of Maes et al. (2016) and Ghafel and Alwan (2022), demonstrating the possibility of using fluorescence technology as a standard technique for counting plastic particles. A simple and effective staining method is available to visualize microplastic particles, through filtration to reduce water sample sizes or digestion methods to remove organic residues with solvents generally applied to living organisms. This method is also applicable to other samples and is low-cost and rapid in quantitative measurement processes. Very small plastic particles have been stained and have high fluorescence intensity, some of which are difficult to measure in numbers, as in Figures 4-1 to 4-6. Recent sources have confirmed that this indicates the extent of the danger of this type of particles, the smaller they are, as they are susceptible to ingestion and filtering as a means of feeding some living organisms, such as invertebrates such as bivalve mollusks that feed by the filter method (Argamino et al., 2016). Therefore, the most dangerous type of pollutants is plastic pollutants, as a result of their exposure to continuous decomposition and oxidation within water bodies, resulting in micro- or nano-particles, depending on the size.
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Figure (4-1) Polystyrene molecules in the first position
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Figure (4-2) Polyethylene molecules in the first position
[image: ]
Figure (4-3) Polyethylene molecules in the second position
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Figure (4-4) Polystyrene molecules in the second position
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Figure (4-5) Polystyrene molecules in the third position
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Figure (4-6) Polyethylene molecules in the third position





4- Conclusion
In light of the above results of this study, we can conclude that all study sites were affected by plastic pollution. This indicates that:
1. Microplastic particles were detected in all study sites, indicating a state of hazardous pollution in the study areas, both in the water column and in the groundwater.
2. The largest numbers of plastic particles detected were in diameters ranging from 1-100 microliters.
3. The largest numbers of plastic particles were polystyrene, which was fluorescent green, with numerical values ​​ranging from 152, 65, and 58 particles/liter in the following sites: Shatt al-Hillah, Shatt al-Hashimiyah, and Shatt al-Shamiyah, respectively. The current study recorded values ​​for the orange-colored polyethylene particles, which were 15, 12, and 9 particles/liter in the following sites: Shatt al-Hillah, Shatt al-Hashimiyah, and Shatt al-Shamiyah, respectively. The results of Table 4-2 also indicated the presence of red polyethylene plastic particles at values ​​of 42, 20, and 18 particles/liter at the following sites: Shatt al-Hillah, Shatt al-Shamiya, and Shatt al-Hashimiyya, respectively.
4- The results of the fluorescence technique demonstrated good efficiency in identifying the types of plastic particles tested, with polystyrene being the most abundant, followed by polyethylene in all samples.
5- The numbers of plastic particles at all study sites indicate that, under certain conditions, these particles seep into the water column as a result of ongoing biological activities. Sewage is a major source of Microplastic pollution, increasing the accumulation of plastic in the environment.
6- The study results showed that Shatt al-Hillah was the site most polluted with plastic particles, due to its running water, and in larger quantities compared to the other study areas.
7- Some physical and chemical properties demonstrated a real, shared importance in influencing plastic pollution with human activities, sewage, and the emergence of some plastic particles.
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