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Summary

Twenty five soil samples were collected from different sites in northern Iraq.
Undisturbed soil cores to a depth of 30 cm were collected to study the
exchangeable cation (calcium, magnesium, sodium, and potassium) using a
kinetic approach through the batch leaching method to pass over fifteen pore
volumes with lasting ten days of each cycle. Three types of water with different
ionic strengths were utilised in the leaching process such as Tigris River water
(0.0078 mol L), well water (0.0455 mol L), and another well water (0.1365
mol L™). After each pore volume, the leachate was collected and analysed for
pH, electrical conductivity, and the concentrations of dissolved cations and
anions. Upon completion of the leaching cycles, the soils were removed from the
columns, air-dried, ground, and prepared for chemical and mineralogical
analyses to identify any changes or transformations in the mineral composition.
This was performed using X-ray diffraction (XRD) and X-ray fluorescence
(XRF) techniques to determine the percentage of element, the percentage of
elemental oxides, and the molecular weight between the oxides which serve as
indicators of weathering and mineral transformation in the soil. These findings
were compared with untreated soil samples from the same locations. The

following results were obtained from this study:

- The results demonstrated that the values of cation forms (soluble,
exchangeable, non-exchangeable, and total cations) ranged as follows with
Calcium: (0.16-0.35), (2.3—4.0), (170.20-213.3), and (147.40-215.80)
Cmol kg™, respectively, Magnesium: (0.13-0.24), (0.80-2.3), (66.70—
123.20), and (69.20-124.80) Cmol kg™, Sodium: (0.02—-0.45), (0.14—-0.28),
(12.7-40.4), and (13.040.7) Cmol kg, and Potassium: (0.001-0.03),
(0.10-0.25), (20.5-41.0), and (20.8—42.1) Cmol kg™, respectively.
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The results also indicated that the soluble cations values of untreated soils
at the study sites were (1.60-3.50), (1.35-2.40), (0.26—4.52), (0.05-0.15)
mmol, L', for Calcium, Magnesium, Sodium and Potassium, respectively.

Upon treatment with Tigris River water (ionic strength = 0.0078 mol L™),
the exchangeable cation values ranged between (1.5-5.00), (8.00—-12.00),
(0.34-0.52), (0.07-0.20) mmol. L™, when utilising well water with an
ionic strength of 0.0455 mol L™, the values ranged between (22.50-27.50),
(14.00-18.00), (0.90-1.80), (0.10-0.30) mmolc L™ , and with using well
water of higher ionic strength (0.1365 mol L™), the values were (21.50—
24.00), (13.50-22.00), (13.40-29.50) (0.10-0.30) mmol, L™ for Calcium,
Magnesium, Sodium and Potassium, respectively.

The results showed that the values of the dispersion indices SAR, MCAR,
and CROSS for exchangeable cations for soils under their natural
conditions, prior to leaching with water, ranged between (0.29-0.51),
(0.32-0.57), and (0.33-0.58) mmol. L, respectively. When applying
Tigris River water with an ionic strength of 0.0078 mol L™, the values
ranged between (0.56—1.15), (0.61-1.20), and (0.65-1.27) mmol L™,
respectively. When utilising well water with an ionic strength of 0.0455
mol L™, the values ranged between (1.32-2.10), (1.37-2.14), and (1.47—-
2.31) mmol. L™, respectively. While with well water of higher ionic
strength (0.1365 mol L™), the values ranged between (5.02—-16.99), (5.05—
17.03), and (5.52—-18.43) mmolc L™ for SAR, MCAR, and CROSS,
respectively.

The results also indicated that the cumulative values of exchangeable
cations (calcium, magnesium, sodium, and potassium) during the leaching
with water through the soil columns up to the fifteenth pore volume, and

when treated with Tigris River water of ionic strength 0.0078 mol L™,
b



Summary

ranged between (0.25-0.05), (3.31-5.41), (1.02-8.86), and (0.09—0.58)
Cmol kg, respectively. When using well water of ionic strength 0.0455
mol L™, the values ranged between (17.28-28.90), (10.66—14.26), (12.94—
16.02), and (0.25-1.01) Cmol kg™, respectively. While when using well
water with higher ionic strength (0.1365 mol L), the values ranged
between (55.33—72.18), (16.80-33.97), (67.17-116.64), and (0.31-0.94)
Cmol kg™ for calcium, magnesium, sodium, and potassium, respectively.
The results also exhibited that the power function equation (exponential
model) was the most appropriate kinetic model for describing the release
of cations from the soils at the study sites, as it provided the highest
coefficient of determination (R?) and the lowest standard error (SE).

The findings showed that the cation release rate, according to the power
function equation, for Calcium: (594.20-927.80 x107), (714.30-851.60
x10™"), and (653.10-1778.40x107), for Magnesium: (124.15-1251.00
x107), (599.10-986.20 x107), and (509.20-809.60x107), for Sodium:
(665.30-1675.00), (716.70-816.90), and (993.70—1285.40) and for
Potassium: (556.80—788.60), (593.40—-786.70), and (603.80—-803.30) cmol,
kg min™ for the soils treated with Tigris River water, well water with
ionic strength of 0.0455 mol L™, and well water with ionic strength of
0.1365 mol L™, respectively.

The results exhibited that the leaching efficiency values for cations using
the batch method with Tigris River water of ionic strength 0.0078 mol L™!
ranged between (0.42-7.10), (3.80-8.88), (0.08-1.65), and (0.66—2.00)
Cmol kg™, when leaching the study soils with well water of ionic strength
0.0455 mol L7, the values ranged between (6.42—17.18), (6.60—12.41),
(0.30-5.29), and (1.00-3.00) Cmol kg™, when leaching with well water of
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ionic strength 0.1365 mol L™!, the values ranged between (6.14—14.06),
(7.50-15.17), (2.90-98.00), and (1.00-3.00) Cmol kg for calcium,
magnesium, sodium, and potassium, respectively.

The X-ray diffraction (XRD) results of the clay fraction identified the
presence of chlorite, smectite, vermiculite, illite, kaolinite, and
palygorskite minerals across all sites, both before and after the leaching
processes.

The X-ray fluorescence (XRF) results showed that the percentages of
cations (calcium, magnesium, sodium and potassium) ranged between
(14.0-17.2%) and (15.4-17.3%), (1.6-2.5%) and (1.9-3.3%), (0.30—
0.77%) and (0.57-0.97%), and (0.81-1.64%) and (0.96—1.74%) before and
after the leaching processes, respectively.

The oxide percentage results indicated that CaO% ranged between (19.54—
23.00%) and (21.50-24.17%), MgQ% between (3.00—4.75%) and (3.21—
5.45%), Na,O% between (0.40—1.04%) and (0.78—-1.31%), K,0% between
(0.97-1.33%) and (1.17-1.98%), Fe,O3% between (3.68-5.68%) and
(4.04-6.97%), Al,05;% between (8.03—9.50%) and (8.72-10.13%), and
S10,% between (36.85—43.36%) and (38.18—43.00%), before and after the
leaching processes, respectively.

The molecular ratios between oxides indicated that the MgO/CaO ratio
ranged between (4.68—7.07) and (4.23—7.13), the Al,0;/Si0, ratio ranged
between (4.10—4.59) and (3.60—4.63), and the (Al,O3 + Fe,05)/Si0, ratio
ranged between (2.59-3.14) and (2.51-2.89). Meanwhile, the ratio of
(AlL,O5 + Fe,05 + Si0,)/ (CaO + MgO + K,0) ranged between (0.45-0.55)
and (0.49-0.55), before and after the leaching processes, respectively.
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