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Abstract

The present study involved the assessment of several physical and
chemical characteristics, including both field and laboratory parameters, as
well as the concentrations of heavy metals in groundwater collected from ten
selected wells extending from the village of Sananik, south of Mosul city, to
the Al-Houd area near Qayyarah. The objective was to evaluate the suitability
of these water sources for agricultural use. These areas are traditionally known
for producing various agricultural crops that contribute to meeting the food
demands of the region and Nineveh Governorate. Sampling was carried out
monthly from November 2024 to February 2025, with one sample collected per
site each month. Preliminary field investigations were conducted beforehand to
assess the conditions of the study area and to identify suitable wells for initial
onsite and preliminary samples were collected to conduct initial qualitative and
quantitative analyses.

The results revealed that the electrical conductivity (EC) values of
groundwater ranged from 1180 to 4490 pS.cm™ at 25°C, while pH values
varied between 6.40 and 7.65. Total alkalinity ranged from 270 to 652 mg. L™,
and bicarbonate concentrations were between 329.4 and 795.44 mg. L. Total
hardness values ranged from 690 to 2900 mg. L', calcium hardness from 340
to 2040 mg. L', and magnesium hardness from 270 to 1400 mg. L!. Chloride
ion concentrations ranged from 55.35 to 862.13 mg. L'. The study also
recorded variations in sulfate (450.90—-1225.10 mg. L) and nitrate (20.85—
71.07 mg. L") concentrations. Sodium levels ranged between 26 and 377.1 mg.
L, and potassium concentrations varied from 1.4 to 17.7 mg. L.

The Irrigation Water Quality Index (IWQI) was used to assess the
agricultural suitability of groundwater, with values ranging from 90.59 to
143.5. Most wells were classified as having "poor quality" water for irrigation
purposes, except for Well No. 1, which fell into the "good quality" category.
The IWQI was determined using eleven parameters: potential salinity (P.S),
residual sodium carbonate (RSC), sodium adsorption ratio (SAR), sodium
percentage (Na%), permeability index (PI), magnesium hazard (MAR),
Kelley’s ratio (KI), pH, EC, and the concentrations of chloride and bicarbonate
ions — all expressed in meq.L™".

Given that most of the groundwater sources were categorized as unsuitable for
irrigation, treatment was deemed necessary. Therefore, a Gravity Aeration
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Tower System (GATS) was constructed to improve groundwater quality by
increasing oxygen content. The system operated by injecting air at a flow rate
of 250 m*h from the bottom and dispersing water in fine droplets from the top
at 20 L/h for durations of one and two hours. This process aimed to remove
dissolved acidic gases such as CO: and H:S, oxidize metals like iron and
manganese, and enhance water color, odor, and taste.

This treatment led to a reduction in salt and ion concentrations by
approximately 14%, while heavy metals such as iron and manganese decreased
by up to 90%. Dissolved oxygen levels increased significantly from 3.1 mg. L°
't0 8.59 mg. L' — a 177% rise — and harmful acidic gases were effectively
removed. As a result, water salinity improved, decreasing from the upper limit
of the "medium-to-high salinity" range (4000 pS.cm™) to its lower limit (3350
uS.cm™), making the treated water suitable for irrigating salt-tolerant crops
such as barley, sugar beet, spinach, tomatoes (with proper management),
sorghum, cabbage, lettuce, cotton, and sunflower, as well as forage crops like
alfalfa, ryegrass, and sesbania.

Ensuring the sustainability and optimal use of groundwater in Iraq requires
comprehensive strategies grounded in accurate data, scientific planning, and
modern techniques in analysis and treatment. This will secure a reliable water
resource to support both water and food security and enable the reclamation of
currently abandoned lands for agricultural use, contributing to climate change
mitigation and improved national agricultural productivity.




