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Abstract

The study covered the geochemical characteristics of selected
springs, including a total of 23 sampling points distributed across 17 sites
within the Ninawa Governorate. The investigation spanned two seasons,
from September 24, 2021, to August 25, 2022. The samples were
analysed to determine the concentrations of prevailing cations and anions
(Ca2+, Mg2+, Na", K, HCOjs, SO42', CI, NO;j), as well as the
physicochemical properties represented by the hydrogen ion
concentration (pH), electrical conductivity (EC), and total dissolved

solids (TDS), total hardness (TH), and temperature (T).

The analysis results revealed that the pH values of the springs in
the study area for both seasons were generally acidic (pH < 7), except for
samples SW5 and SWI12, which exhibited somewhat neutral
characteristics (pH = 7). Samples SS4, SS5, SS11, SW16, and SW17
were found to be alkaline (pH > 7). The Piper and Stiff classifications
indicated that the water quality in all study models for both seasons
belonged to the category of normal alkaline groundwaters, with a
prevalence of sulfates and chlorides, constituting 83% of the total
samples, excluding sample SW5, which fell into the category of alkaline
groundwaters with increased alkalinity and dominance of bicarbonates.
Sample SW17 belonged to the category of normal alkaline groundwaters,
with a prevalence of bicarbonates, while sample SS13 was classified as
alkaline groundwaters with a prevalence of bicarbonates, sulfates, or
chlorides. Sample SS4 fell into the category of alkaline groundwaters
with increased alkalinity and dominance of sulfates and chlorides,

constituting 17% of the total samples.
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The results of the analysis indicated the dominance of calcium ions
over other cations, followed by Mg2+, K", and Na'. In terms of anions,
SO,* was found to dominate over other ions, followed by CI', HCO;', and
NOs'. Five distinct hydrochemical facies of water were identified. The
prevalent facies were identified as calcium sulfate and magnesium,

constituting 83% of the total samples.

The Water Quality Index (WQI) indicated that all samples for both
seasons were unsuitable for drinking, except for samples SW4 and SW7,
which were classified as very poor, sample SW5 as poor, and sample
SW17 as good. Results from various classifications used for irrigation
purposes indicated that the springs' water in the study area falls within the
excellent category for irrigation, with sodium percentage (Na%) < 2,
sodium adsorption ratio (SAR) < 10, and residual sodium carbonate
(RSC) = 1.25, except for sample SWS5, which was considered good for

irrigation.

The results indicated that the springs in the study area are
unsuitable for most industries, except for sample SW17, which is suitable
for the beverage, packaging, leather, and cement industries. Additionally,
all springs in the study area were found to be suitable for various types of
crop cultivation when comparing the overall electrical conductivity (EC)
with the required specifications, according to Todd (1980). Atomic
Absorption Spectrophotometry analysis results for the study area's
springs showed that the contamination factor (Cf) for all samples for both
seasons was safe, except for samples in the winter season (SW3, SW4,
SW5, SW6, SW7), which fell within a field of high contamination for
cadmium. Samples SW4, SW5, and SW7 fell within a field of high
contamination for iron. Samples SW12, SS11, and SS13 fell within a
field of high contamination for lead. Samples SW4 and SS5 fell within a
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field of high contamination for manganese. Samples SS5, SS10, SS11,
and SS13 fell within a field of very high contamination for cadmium.
Samples SS9 and SS10 fell within a field of very high contamination for

manganese.

The cadmium pollution index (Cd) for both seasons fell within a
field of moderate contamination except for sample SW17, which fell
within a field of low contamination. Samples SS5, SS9, SS11, and SS13
fell within a field of high contamination, while sample SS10 fell within a
field of very high contamination. In terms of the therapeutic importance
of spring water, the results showed that the high sulfur content helps treat
skin diseases and acts as an antimicrobial agent. The springs were also
classified based on their temperatures, and those suitable for treatment
were found to be (SW2, SW3, SW5, SWS, SS5, SS9, SS10, SS11, SS13),
falling within warm springs suitable for treating bone diseases. However,
all springs in the study area are not suitable for treatment based on pH,
except for springs (SS4, SS5, SWI11, SW16), which are safe with pH
values ranging between (7.2-7.6). Deviation from this range can cause

irritation to the eyes and skin.
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