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Abstract

In the present study, 74 samples were collected from the industrial sector area
in the Qayarah district, south of Mosul, northern Iraq. It included 26 soil samples,
27 samples of different types of plants and trees, 14 water samples (including 4
samples from the Tigris River, 9 samples from groundwater, and one sample from
a sulfur spring), as well as 5 samples of Tar and 2 samples of oil.

Chemical, physical and mineralogical analyses of these samples were carried
out using ICP-MS, GC-MS and XRD to assess the environmental geochemistry
of soil, vegetation, surface and groundwater. It was found that the average weight
percent of major oxides AL,Os, CaO, Fe,03, K,0, MgO, Na,O, P,0Os, SO3, TiOa,
S10,, and LOI reached 3.76%, 17.55%, and 7.83%, 0.37%, 3.51%, 0.14%, 0.13%,
5.28%, 0.09%, 37.80% and 19.80% respectively. In contrast, the average
concentration of trace elements As, Cd, Co, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, V,
Zn, are 6.40,0.21, 18.69, 101.47, 28.91, 0.03, 542.6, 0.98, 159.1, 9. 94, 0.21, 0.20,
58.0 and 60.7 ppm respectively. The concentrations of trace elements were
compared with the average values of the Earth's crust and soils. Some elements
showed an increase in concentration due to natural sources (the Fatha and Injana
formations) and mineral associations as well as human activity, while others
decreased.

The organic matter content ranged from low to very high due to proximity to
oil operation sites. The electrical conductivity of the soil was characterized by low
to moderate salinity. The pH values showed that the soil is alkaline due to
carbonate and gypsum minerals as well as the effect of albite, which contributed
to reduce the movement of heavy elements in the soil.

The total mineral content consists of; 49.75% carbonate and evaporites
minerals, 39.26% clastic minerals, and 10.94% clay minerals. These minerals
exhibit a consistent geographical distribution that follows the region's structure
and topography, surface drainage systems, and rock exposures. The carbonate and
evaporite minerals content increases in the middle of the Qayarah Fold and
decreases towards the fold limb and the floodplain, whereas the clastic and clay
minerals increase.

The percentages of petroleum hydrocarbons (aliphatic, cyclic and aromatic) in
soil are 96.66%, 1.99% and 1.43% respectively, the aliphatic hydrocarbons were
higher in the northwestern part and near Wadi Ain Al-Baida due to oil spills, while
aromatic and cyclic hydrocarbons ratios were higher near tar springs and oil
operations sites. The hydrocarbon content of aliphatic, cyclic and aromatic



components in water was 68.44%, 19.99% and 11.57%, respectively. Aliphatic,
waxy and fats in water were lower than in soil, while aromatic, cyclic, polar and
soluble groups were higher. The degassing processes reduced the aliphatic and
aromatic content of the oil, which was released into the atmosphere and then into
the soil, thus increasing its content of cyclic compounds. The percentage of V and
Ni was high and close in the oil samples and the tar sample (T.AB2) resulting
from oil spills, while their percentages were close in the tar samples (T.SW5,
T.TP, T.SW3), indicating that their source is the same.

Aliphatic compounds extracted from soil hydrocarbons were high in the
northwestern part of the study area, while aromatic and cyclic compounds
increased near the sulfur spring and industrial areas such as the degassing, and gas
power stations. The rate of carboxylic acids resulting from the breakdown of
hydrocarbons in the soil reached a high percentage of 96.25% due to the relatively
high temperature, soil alkalinity, clay content, biological activities, and the use of
organic fertilizer, and it increased towards the southeast.

The analysis of plants and trees showed that the average percentages of the
nutritional components Ca, K, Mg, Na, P, and S are 3.22%, 2.14%, 0.553%,
0.195%, 0.235%, and 0.78% respectively. The concentrations (ppm) of heavy
elements in plants and trees As, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, V,
and Zn are 1.28, 0.094, 3.65, 2.75, 45.21, 11.74, 0.064, 198.16, 1.57, 63.83, 2.57,
0.06, 0.106, 10.36, and 48.56 respectively. The chemical content of the main
nutrients (Ca, Mg, S, K) in plants and trees in the study area exceeded the natural
limit, while Na was below it. The heavy elements (As, Co, Cr, Hg, Mn, Mo, Ni,
Pb, Sb, Se, and V) are generally higher than the normal limits, except the heavy
elements (Zn, Cu, and Cd), which are lower than the normal limits.

The analysis of the water of the Tigris River showed that the average
physicochemical properties of the total dissolved solids, electrical conductivity,
temperature, and turbidity, and the pH are 281.75mg/l, 443.25 uS/cm, 23.9 C°,
4.0 NTU and 8.28 respectively. The main chemical components of elements and
oxides (Ca, Mg, Na, K, HCOs3, SO4, Cl, and NO3) their rates reached 58.3, 16.6,
16.1, 2.2, 137.5, 69.7, 16.4, and 0.6 mg/l respectively. The average concentration
of heavy elements (As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Se, V, Zn, and F) are
1.54,0.01, 0.003, 0.53, 0.48, 0.36, 3.12,2.78, 0.12, 0.7, 0.36, 2.52, 4.05, and 0.14
ppb respectively.

The analysis of groundwater and sulfur springs in the study area revealed that
the average value of the pH, total dissolved solids, electrical conductivity,
turbidity and temperature are 8.2, 6491 mg/l, 7515 uS/cm, 1.1 NTU, and 23.4 C°



respectively. The chemical components of the main elements and oxides (Ca, Mg,
Na, K, HCOs3, SO4, Cl, and NOs3) are 5889.9, 2691.1, 1056.3, 7.1, 189.1, 2843,
1281.3, 14.4 mg/1 respectively. The average concentration of heavy and trace
elements (As, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, V, Zn, Br, and F) are
0.71, 0.002, 0.008, 7.27, 0.62, 0.008, 86.8, 10.47, 3.88, 0.13, 0.27, 3.35, 3.47,
3.68, 1.26 and 0.97 ppb respectively.

The water in the study area was classified into four classes using the Piper
classification. The water samples of the Tigris River fell into class B. The
groundwater samples GRS and GR7 were in class C. The samples GR1, GR2,
GR3, GR4 and GR6 were in class E. The samples GR9 and SW5 were in class G.
Stiff's classification of the water identified five types. The water samples from the
Tigris River were moderately alkaline, with dominance of carbonates and
sulphates. The groundwater samples GRS, GR6, GR7 and GR8 were moderately
alkaline with predominate of sulphates. Whereas, sample GR9 was alkaline due
to an increase in the proportion of sodium and sulfate. The sulfur spring water
sample SWS5 was alkaline due to the increased proportion of sodium, chlorine and
sulfate.

The classification of the waters of the Tigris River into three groups was due
to its influence on the quality of the carbonate rocks exposed on the surface, as
well as the prevailing soil core in the study area, which sheds its weathering
products into the river water, especially since the slope of the layers is towards
the river. The classification of groundwater and the sulfur spring north of the
Qayarah anticline into different groups is due to the vertical thickness of the
evaporites, as well as their proximity to the surface where the evaporite rocks are
exposed. The second group of well water, south of the Qayarah anticline was
characterized by its lack of influence from evaporite rocks.

The factor analysis and spatial distribution maps showed that the region's
composition influences groundwater contamination by petroleum compounds and
heavy metals. Various factors such as the general slope of the land, prevailing
wind direction, mineral components and leaching of hydrocarbon materials from
deteriorating pipes, influence the distribution of heavy metals and other pollutants
in the study area.

The geoaccumalation coefficient (Ig0) indicates that the soil samples are highly
contaminated with selenium, moderately contaminated with arsenic, and have
low- to moderate contamination with elements such as Cd, Cr and Ni. On the other
hand, elements Co, Cu, Hg, Mn, Mo, Pb, Sb, V and Zn appear non-contaminated.
The enrichment factor ranged from high enrichment with the elements Se, As and



Ni, to a moderate enrichment with the elements Sb, Cd, Cr, Zn, Pb, Co, Mo, Mn
and Cu. The enrichment factor was slight for V and Hg. The order of enrichment
in soil samples is as follows Se> As> Ni> Sb> Cd> Cr> Zn> Pb> Co> Mo> Mn>
Cu> V> Hg.

The contamination factor ranges from low contamination with elements (Zn,
Pb, Co, Mo, Mn, Cu, V, Hg), moderate contamination with elements (Ni, Sb, Cd,
Cr), to a significant degree of contamination with elements (As, Se). The pollution
load factor (PLI) showed that the soil samples (QF5-S, QF7-S, QF8-S, GS3-S,
AB2-S, AB3-S, AB4-S, AB5-S, AB6-S, QRI1-S, QR2-S) are uncontaminated,
while the samples (QF1-S, QF2-S, QF3-S, QF4-S, QF6-S, QF9-S, GS1-S, GS2-
S, GS4-S, GS5 -S, GS6-S, ABI1-S, GS-S, TP-S, DS-S,) are contaminated.

The soil contamination with heavy metals in the soil does not pose a non-
carcinogenic hazard according to the hazard index (HI). However, there is a high
potential cancer risk for adults and children through ingestion of the elements such
as As, Co, Cr and Ni. In addition, low potential cancer risk for Cd and Pb.
Inhalation poses a high potential cancer risk for As, Co, Cr and Ni with a low for
Cd, and Pb. The carcinogenic risk through dermal exposure to the elements As,
Cr and Ni carry potentials, while exposure to Cd has low potential risk.

The bioaccumulation coefficient (BAC) indicates that heavy metals As, Cd,
Co, Cr, Cu, Mn, Ni, Pb, Sb, Se, V and Zn do not accumulate in the plant species.
However, Hg was enriched in all types of plants studied, but molybdenum was
enriched in all plants except Eucalyptus. In terms of the accumulation factor of
heavy elements index (MAI) in plants, it has been shown that barley plants are
enriched with all heavy elements, while manganese (Mn) is only enriched in
Eucalyptus trees.

The water from the Tigris River is suitable for human consumption based on
the water quality index (WQI). However, well GR9 has poor-quality water, and
wells GR6 and GR7 are of very poor-quality water, the water from the other wells
and the sulfur spring was unsuitable for use.

The water of the Tigris River was considered good for irrigation based on its
TDS and EC values, while the groundwater was unsuitable. According to the
Na%, all water samples from the Tigris River and GR7 are excellent for irrigation,
wells GR1, GR2, GRS, GR6 and GR8 were good, wells GR3 and GR4 are
allowed, wells GR9 and SW5 can be used with extreme caution. According to the
sodium adsorption ratio (SAR), all water was excellent for irrigation, except GR3
and GR4 were good. The residual sodium carbonate (RSC) revealed that all water

in the area is excellent for irrigation. While the permeability index (PI) showed
IV
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