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Abstract

Water pollution caused by organic pollutants and microorganisms poses a
major threat to human life and living organisms in general. Conventional water
treatment methods often fail to effectively remove these pollutants. Therefore,
access to clean and safe drinking water is a fundamental human right, crucial to
the sustainability of life and the promotion of public health. This necessitates the
exploration of new technologies. Nanotechnology has emerged as a promising
method for water purification, leveraging the unique properties of nanomaterials

to address this challenge.

This study addresses the problem of water pollution by using a reactor
coated with nanomaterials such as zinc oxide and titanium oxide, exposing it to
direct sunlight to leverage their catalytic properties to enhance biological
treatment performance. This research is part of the search for alternative and
safe solutions for water treatment, away from traditional chemicals such as
chlorine, which are carcinogenic and harmful to public health, and the high costs
of other disinfectants such as ozone. The study relied on an experimental
approach and was conducted using water samples taken from the Kara Saray and
Al-Maydan estuaries of the Tigris River, two sites suffering from pollution
resulting from the discharge of sewage, industrial waste, and market waste.
Samples were collected weekly from November 5, 2024, to May 19, 2025, with
three replicates per sample. The study included an evaluation of the performance
of nanomaterials in removing bacteria, particularly Escherichia coli and
Bacillus, in addition to analyzing the effect of these materials on some physical
and chemical properties of water, such as pH, electrical conductivity, total
dissolved solids, ions (chloride, sulfate, nitrate, phosphorus), and total hardness.
Absorbance curves were plotted before and after the samples were treated with
reactors coated with nano-oxides (TiO2, ZnO) for half an hour, one hour, and
three hours, for three different conditions: an untreated control sample and two

samples treated with different concentrations. The curves showed no unusual
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peaks or spectral changes indicating dissolution of the nanoparticles or their
transfer into the treated water. Rather, the spectral behavior remained consistent,
confirming that the nanoparticles were immobilized within the treatment system

and did not mix with the water. This stability after a longer period of time

confirms that the nanomaterial does not interact with or dissolve in the water

This makes its use safe from an environmental and health perspective.
Therefore, it is not expected to cause any secondary pollution or potential risks

to public health, even if the treatment lasts for several hours.

The results showed a sharp decrease in total bacterial counts (T.B.C.) when
using nanomaterials, with the lowest count reaching 0 cells/ml in treated
samples, while exceeding 300 cells/ml in control tanks. Titanium oxide was also
found to be more effective than zinc oxide. Regarding chemical properties, the
results showed a stable chloride ion concentration of 74 mg/L, a slight decrease
in phosphorus values, and slightly increased sulfate and nitrate values.
Meanwhile, total hardness and calcium and magnesium hardnesses were
relatively stable without significant changes, indicating that the nanomaterials
had a greater effect on bacterial contaminants than stable ions and hardness. No
significant changes were recorded in pH values, and a slight effect was observed
in electrical conductivity. These results confirm that the use of nanomaterials in
combination with solar energy represents a promising, safe, and effective
technology for water treatment, particularly in environments with limited
resources and remote areas. It can contribute to improving water quality and
reducing the risk of bacterial contamination without relying on harmful

chemicals.



