Comprehensive Risk Assessment of Heavy Metals in Soil and Determination of
Pollution Hotspots (Case Study: Baiji Refinery, Iraq)

ABSTRACT

Oil refinery activities are considered to be one of the most important sources of heavy metal emissions in the environment and can
cause soil pollution and increase ecological and health risks. The present study was conducted with the aim of assessing the status
of heavy metal pollution, determining ecological and human health risks, and identifying pollution hotspots in soils located near
the wastewater discharge route of the Baiji Oil Refinery in Iraq. For this purpose, 15 soil samples were taken from the wastewater
discharge route to the Tigris River and the concentrations of eight heavy metals were measured using an ICP-MS device. The

and clay percentage are the most important factors affecting the accumulation of heavy metals in the
assessment showed that although the non-carcinogenic risks for adults were within acceptable limitS%@ d ceptable
ve the standard ran Oﬁil, the findings

S

risks at 100% of the sites. The ELCR values at all sites for both age groups were
indicate that continued input of pollutants could lead to increased environmental ealth risks in thElire in the future.
Therefore, continuous monitoring, control of pollutant sources, and implementation of ta d manageme@@imeasures around the
Baiji Refinery seem essential.
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EXTENDED ABSTRACT
Introduction
The oil industry, as one of the main pillars of economic development, has always been associated
with serious environmental challenges. Crude oil refining processes lead to the production of
significant volumes of industrial wastewater containing hazardous pollutants, including heavy
metals. Heavy metals are toxic and non-degradable pollutants that enter soil and water through
refinery activities and pose serious risks to the ecosystem and human health due to their high
persistence and ability to bioaccumulate and magnify in the food chain. Long-term osure to
these elements can lead to neurological damage, kidney disorders, cardiovascular
even cancer. Irag, as one of the largest oil producers, is highly exposed to th

Baiji refinery, located north of Baghdad, is one of the largest refineriesy ntry gith a
daily production capacity of about 250,000 barrels. HoWgver, a reviewgof {e research
background showed that previous studies in this region have bé®@g mainly limid to measuring

the concentration of heavy metals. The use of a complete set of
lgeo), ecological risk (PERI) and health risk (ADD*IQ, HI, EL
of the correlation of pollutants with soil physicociggmical p
this region so far. Therefore, the present stu
comprehensively assessing the status of heavy m
in the soils around the Baiji refinery wastewater
Method
In this study, 15 sampling points systematig@lly and purposefully selected along the
approximately 5 km route of the refingy. ated tewater discharge to the beginning of the
Tigris River. From each point, 15 surfac amples (0-20 cm depth) were collected in January
2026. After sample pgkparation aRd airg@#ying, the physicochemical properties of the soil,
including texturgy giectrical C), pH, and organic matter (OM) percentage, were
determined using Wand ds. For heavy metal analysis, samples were prepared using the
concentrations of eight heavy metals (Ni, Cr, Pb, Cd, As, Zn, Cu,
using an ICP-MS device. In order to comprehensively assess the
pollution and risk et of indicators including CF, Cgeg, PLI, lgeo, PERI, ADD in three routes of
ingestio ontact, and inhalation, HI, and ELCR were calculated. Statistical analyses,
includin hapiro-Wilk test to examine the normality of the data and the Pearson correlation
test to exarmine the relationships between soil properties and heavy metal concentrations, were
performed using SPSS version 26 software, and scatter maps were prepared using ArcGIS 10.8
software.
Results
The results showed that Ni and Cr have the highest concentrations in the soils of the region. The
highest coefficient of variation was related to Cu and Zn, which indicates the greater spatial
dispersion of these two metals. Pearson correlation analysis showed that organic matter and clay
percentage as the most important controlling factors have a positive and significant correlation
Y

IT&on indig@8 (CF, Caeg, PLI,
as welf"as the investigation
s, has not been carried out in
nd implemented with the aim of
on and identifying pollution hotspots
route to the Tigris River.




with Ni, Cr, Cu, Zn, and As, which indicates the role of these two factors in the absorption and
accumulation of heavy metals in the soil. The results of the pollution indices showed that CF for
all metals is in the low to medium pollution range and Hg has the highest pollution level with a
maximum CF of 2.6. The Cgeq showed that 8 points are in the low pollution range and 7 points
are in the medium pollution range, and no point reached a significant or severe pollution level.
PLI for all points was less than 1, but points 6, 9, 14 and 15 were very close to the medium
pollution threshold, which put these areas on the verge of crisis. The Igeo analysis showed that Cd
was in the moderate pollution category with an average lgeo Of 1.71 and all 15 lgeo goints were
positive for Cd, indicating widespread and widespread contamination of this metal th
region. The Hg was in the uncontaminated to moderate category with an aver.
points 9 and 15 were very close to the moderate contamination threshol

at moderate levels, these two metals accounted for more than
the region due to their very high toxicity response coefficients. R
category at points 10 and in the moderate risk category at poin he res#fts of the health risk
assessment showed that for adults, HI was less th{ﬁ at all gl

HI values for children exceeded the safe thresho age ELCR for adults was calculated
to be about 255 times higher than the standar

showed that points 9, 15, 6 and 14 wer
Conclusions

The present study, using a comprehen
indicators, provided a gjear picture\pf the

t of pollution, ecological risk, and human health
pollution situation around the Baiji Refinery. The
findings showe% althowg the o ollution level of the region is in the low to moderate
range, pollution ?pot shoydsignificant concentrations of heavy metals. Among them, Hg and
Cd, despite their lower rations, have a dominant contribution to the ecological risk of the
area due to their higiy lalirent toxicity, which highlights the need to reconsider the prioritization
of pollutants ba oxicity, not just absolute concentration. The most worrying finding is the
unacceptable ca genic risk for residents of the area and the unacceptable non-carcinogenic
risk forme at all sampling locations (100% of sites). Also, the strong correlation between
organic and clay with metal concentrations indicates that soil characteristics play a key
role in the accumulation of contaminants. Based on the results, a management strategy is
prioritized at four levels: 1) immediate actions in hotspots, including restricting children’s access,
covering contaminated soil, and, implementing biostabilization plans; 2) establishing a
continuous and seasonal monitoring system with an emphasis on Cr, Ni, and, As; 3) conducting
epidemiological studies to assess the health effects of long-term exposure on the child
population; and, 4) public empowerment and educating families on ways to reduce exposure to
contaminated soil.
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