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Abstract:
The water quality of the Euphrates River in Iraq is experiencing rapid deterioration due to the interplay of
industrial, agricultural, and urban pollution factors, posing a serious threat to public health, food security, and
environmental stability. This study aims to conduct a comprehensive comparative evaluation of the
effectiveness of a range of water treatment technologies, both natural and artificial, in improving river water
quality to meet the standards of various uses. The experimental methodology was designed in two phases: The
first phase involved a comprehensive field survey in which seasonal water samples were collected from strategic
locations in the Habbaniyah district, characterized by diverse sources of pollution (industrial, agricultural, and
sewage). These samples underwent advanced physical, chemical, and biological analyses to assess baseline
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concentrations of pollutants. In the second phase, mini-treatment units were designed and installed to evaluate
the performance of selected technologies. These included natural technologies such as vertical and horizontal
subsurface wetlands planted with native vegetation (like reeds and papyrus), and conventional and advanced
artificial technologies such as enhanced chemical sedimentation, multi-media filtration, and advanced oxidation
processes (ozone, UV/hydrogen peroxide). These units were operated in parallel, and real river water samples
were treated, with the removal efficiency of critical parameters such as turbidity, chemical oxygen demand
(COD), nitrates, phosphates, heavy metals (lead, cadmium), and pathogens being monitored. The results showed
the clear superiority of the hybrid system that combined primary sedimentation with a secondary stage of
artificial wetlands. This system achieved the highest removal rates for multi-category pollutants, outperforming
each individual technology. It successfully reduced pollutant concentrations to levels that met the World Health
Organization (WHO) drinking water standards for heavy metals and microbial indicators, and the Food and
Agriculture Organization (FAQO) irrigation standards for salinity and ion toxicity. The study concludes that
adopting smart hybrid treatment solutions, based on a thorough understanding of the nature of local pollution
and coupled with good governance and effective awareness campaigns, constitutes a practical and economical
path to achieving sustainable management of vital water resources in the Euphrates River basin. Keywords:
Water treatment; artificial wetlands; industrial pollution; Euphrates River; hybrid treatment; Iraq; sustainability.
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