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Abstract

Abstract

This study evaluated soil pollution with some heavy metals in
industrial and residential areas within the city of Mosul during two
seasons (Autumn 2022 and Spring 2023). Six different sites were selected
in Mosul city, with a total of (48) soil samples collected at a depth of (0-
15) cm. The research involved measuring the physical and chemical
properties controlling the distribution of heavy metals in the soil and
comparing them with international standards. The study also observed the
negative impact of industrial and human, sources on soil properties and
various uses.

The physical tests of the soil samples revealed that the particle size
distribution ranged from loamy to sandy loam. The chemical analysis
showed that the soil pH was neutral to slightly alkaline, with values
ranging from (7.09) to (7.88). The electrical conductivity of the soil
ranged from (0.75) to (4.04) microsiemens/cm, and the organic matter
content varied from (1.53)% to (2.43)%.

Soil analysis also indicated that all industrial areas were
contaminated with chromium, copper, zinc, and selenium, with
concentrations exceeding international standards. The concentrations of
these elements were 125, 417, 1187, and 2.9 parts per million (ppm),
respectively. The highest pollution was observed in the Wadi Akab
industrial area, followed by the Al-Karama industrial area.

Nickel also exceeded international standards in all soil samples
from industrial and residential areas but showed lower concentrations in
Spring compared to Autumn due to rainfall.

Furthermore, the study showed that manganese, cobalt, cadmium, and
lead did not exceed the permissible international limits, with
concentrations ranging from 65.12 to 436.65 ppm for manganese, 8.14 to
21.72 ppm for cobalt, 0.08 to 0.17 ppm for cadmium, and 3.13 to 24.57
ppm for lead.

The concentration of arsenic increased in Spring in both industrial and
residential areas, with the highest concentration reaching 55.10 ppm in
the Kokjli area. Vanadium did not exceed the allowed international limits
except in the Rashidiya area, where the highest concentration was 210
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ppm in Autumn. Mercury concentrations were elevated in the soil around
residential areas, with the highest concentration recorded in the New
Mosul area at 0.18 ppm but remained within the international limits.

Additionally, pollution load factor (CF) and enrichment factor (EF)
metrics were applied, showing that all industrial soils, particularly the
Wadi Akab and Al-Karama industrial areas, were highly polluted with
nickel, copper, zinc, and selenium, while residential areas showed
moderate pollution with the same elements. The other elements exhibited
low to negligible pollution levels. The enrichment factor (EF) indicated
high enrichment of arsenic and selenium in both industrial and residential
areas, except in the Agricultural Reform area, which showed high
enrichment of nickel and moderate enrichment of copper and zinc. The
remaining elements showed either negligible or low enrichment.

Spatial distribution maps showed the extent of heavy metal
concentrations in different areas of the city. Pollution hotspots with high
accumulations of heavy metals, including arsenic, were identified, with
the New Mosul area showing the most prominent effect in Spring. The
eastern part of the city exhibited higher nickel concentrations in Spring,
and selentum showed widespread distribution in the eastern part as well,
mainly due to high concentrations in the Al-Karama industrial area.

Moreover, the spatial distribution maps demonstrated that the impact of
pollution in the Al-Karama industrial area extended to neighboring areas,
although to a lesser degree compared to the more polluted Wadi Akab
area.

The study revealed a similar pattern of spectral reflectance for all sites,
showing an inverse relationship between wavelength and spectral
reflectance of the soil. There was also an inverse relationship between
soil contamination with heavy metals and spectral reflectance, with the
highest reflectance in the Kokjli area (0.6) in the visible spectrum and
(0.72) in the infrared spectrum, and the lowest reflectance in the Wadi
Akab area (0.09) in the visible spectrum and 0.2 in the infrared spectrum.



