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Abstract— This research evaluates the physical and 

chemical properties and concentration of trace elements and 

heavy metals in Iraqi crude oil. The way in which geographical 

locations affect oil quality is not widely known, especially in the 

Middle East. Therefore, crude oils from three locations (East 

Baghdad, Khurmala, and Nahr Omar) were selected. The 

physical and chemical data showed apparent variations in the 

properties of crude oils from different fields. Nahr Umr oil was 

the lightest (D = 0.8199 g/cm3, API = 40.57°) and the lowest in 

sulfur content (1.327 wt%), East Baghdad oil was the heaviest 

(D = 0.9067 g/cm3, API = 24.39°) and the highest in sulfur 

content (3.842 wt%), while Khurmala  was (D = 0.8518 g/cm3, 

API = 34.12°) and (2.44 wt%) of sulfur content, reflecting the 

differences in the quality of crude oils. Advanced techniques 

such as the rotating disc electrode optical emission 

spectrometer (RDE-OES) and inductively coupled plasma 

(ICP-OES/MS) were used to measure the element content after 

sample preparation using microwave acid digestion. The 

content of metals in crude oil indicates that East Baghdad oil 

contains the highest rate of V, Al, Ag, and Hg. At the same 

time, Ni, Fe, Na, Ca, Pb, Se, and Li were higher in Khurmala 

oil, while Mo, Ti, Sr, Bi, Ba, and Hg were higher in Nahr Umr. 

The statistical analysis of the least significant difference (LSD) 

test was used to show the significant differences between the 

measured element concentrations at the 0.05 level. 

Keywords— Crude Oil Quality; Physicochemical 

Parameters; Wear Metals; Heavy elements, ICP-OES and 

ICP-MS. 

I. INTRODUCTION  

Crude oil is one of the most valuable natural resources and 

is a complex mixture of hydrocarbons, metals, non-metals, 

and other traces [1,2]. These components not only influence 

the chemical and physical properties of crude oil but also 

substantially impact refining processes, environmental 

management, and the economic viability of oil production 

[3-5]. Among the key factors influencing crude oil's 

behavior during refining is its mineral and metal content, 

which can vary widely depending on the geographic 

location, geological formation, and extraction methods [6,7]. 

Metals such as vanadium, nickel, iron, lead, and non-metals 

like sulfur are commonly found in crude oil, often posing 

challenges for refineries [8,9]. Therefore, understanding the 

detailed composition of metals and minerals in crude oil is 

essential for optimizing refining processes, extending the 

lifespan of catalysts, and ensuring environmental 

compliance [10]. Iraq possesses some of the world's largest 

crude oil reserves, playing a pivotal role in the global energy 

market [11]. The oilfields spread across the country, 

offering diverse crude oil profiles due to their distinct 

geological characteristics. This diversity results in variations 

in crude oil quality, among other things, the mineral and 

metal content  .[21]  

The occurrence of metals, distribution patterns, and 

concentrations in crude oils can indicate the origin, 

migration, environment of deposition, maturation of 

petroleum, and the geochemical characterization of source 

rocks [13,14]. The presence and concentration of specific 

minerals can provide valuable information about the origin 

and geography of the crude oil. For instance, certain trace 

metals can be used as biomarkers to determine the source 

rock and depositional environment, helping to understand 

the age, location, and quality of oil deposits [15]. Wear 

metals like vanadium and nickel act as catalyst poisons 

during the refining process. When these metals accumulate 

on refining catalysts, they reduce the efficiency of methods 

such as catalytic cracking, hydrodesulfurization, and 

hydrocracking [16], and this leads to lower yields of high-

value products like gasoline and diesel, increasing 

operational costs. The metals can form stable and insoluble 

residues [17]. which can clog equipment, reduce efficiency, 

and require additional energy and chemicals to process. 

Over time, such deposits may cause blockages or decrease 

the effectiveness of refining units. Minerals like sulfur can 

cause severe corrosion of pipelines, storage tanks, and 

refinery equipment [18]. Heavy metals such as lead, 

mercury, arsenic, and cadmium are highly toxic and pose 

significant environmental and health risks when released 

into the atmosphere, water, or soil [19,20]. During refining, 

combustion, or disposal of waste products, these metals can 

enter the environment, leading to contamination of 

ecosystems, food chains, and drinking water sources. Other 
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metals, like sodium (Na), calcium (Ca), and magnesium 

(Mg), may also be present in significant amounts and be 

transferred to fuel fractions, decreasing their quality and 

performance [21]. 

Rotary disc electrode optical emission spectroscopy (RDE-

OES) inductively coupled plasma emission spectroscopy 

(ICP-OES), and inductively coupled plasma mass 

spectrometry (ICP-MS) offer rapid methods for elemental 

analysis. The techniques are employed to identify and 

quantify even trace quantities in petroleum products, 

including crude oils, automotive fuels, and lubricating oils, 

with low detection limits [22,23]. Microwave-acid digestion 

(MAD) is one of the most used methods to efficiently 

decompose organic and inorganic matrices by increasing the 

reaction rate between the sample and the digestion reagents 

[24]. The high temperature and pressure conditions created 

by microwaves enhance the solubilization of metals and 

other analytes from complex matrices, soils, biological 

tissues, and crude oil. For example, the extraction of metals 

using microwave digestion is far more efficient compared to 

conventional methods. MAD is widely used in preparing 

samples for atomic absorption spectroscopy (AAS), ICP-

OES, and ICP-MS [25]. 

The objective of this study is to determine physicochemical 

parameters, heavy metals, and wear metals in crude oils 

using advanced and cutting-edge techniques. The crude oils 

were collected in several different locations across Iraq. 

Furthermore, the crude oil quality among the collected sites 

should be compared, and their economic and environmental 

potentials should be evaluated. This study provides insight 

into the crude oil quality as well as the environmental 

factors that are controlling the local conditions. 

II. MATERIALS AND METHODS 

A. Materials  

Nitric acid (70%) and hydrogen peroxide (30%) were 

purchased from Merck-Germany, and toluene (99%) and n-

heptane (99%) were purchased from Central Drug House 

(CDH)-India. ICP multi-element standard solution VI 

(dilute in HNO3) from Sigma Aldrich- Germany, calibration 

standard solution CS21 for Spectroil M from Spectro 

Scientific-USA, certified reference materials (CRMs) 

(Sulfur Conc.: 4.5 wt%) from ASI standards-USA, 

asphaltene standard liquid (APD-006, 1gr/100 ml Toluene) 

from Cosmo Instruments Co., Ltd/Japan. An ultrapure water 

system produced deionized water (TOC < 5 ppb, resistivity 

18.2MΩ·cm at 25
o
C degrees) PURIST-USA. 

B. Sample collection 

The crude oil samples were collected from three 

different oil fields in Iraq, namely East Baghdad (EB), 

Khurmala (KH), and Nahr Umr (NH), as shown in Fig. 1. 

These sites were chosen due to their significance in local oil 

production and their diverse geochemical properties. East 

Baghdad oil field is located east of the capital and is 20 km 

east, and its daily production capacity is 40 thousand 

barrels. Khurmala oil field is located approximately 35 km 

southwest of Erbil, and the field's oil production is 200 

thousand barrels per day. Nahr Umr oil field is located 25 

km north of Basra city, and its average oil production is 40 

thousand barrels. Approximately 1 liter of crude oil was 

collected from each site. This quantity was sufficient to 

perform multiple analyses, including the physicochemical 

characterization and trace element detection using ICP-

MS/OES and RDE-OES, as outlined in the study. Crude oil 

samples were collected directly from the wellhead or 

pipeline at each selected site using clean, metal-free 

sampling containers to avoid contamination. The containers 

were rinsed with the respective oil sample three times before 

final collection to ensure sample purity. After collection, the 

containers were tightly sealed to prevent any exposure to air 

or moisture. After collection, the crude oil samples were 

immediately stored in glass bottles to protect them from 

light exposure, which could alter their composition. The 

samples were kept at ambient temperature and transported in 

insulated containers upon arrival to prevent temperature 

fluctuations during transit. At the laboratory, they were 

stored in a cool, dark environment until analysis.  

Bedrock geology of the Arabian peninsula and selected 

adjacent areas from the united states geological survey 

(USGS) are used to create geological maps. The GIS 

ArcMap version 10.6 (Esri company, USA) program created 

the map [26]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Crude oil fields in Central, North, and South Iraq are being 

investigated. 

C. Crude oil processing for metal analysis  

Crude oil samples were digested with a Titan MPS 

closed-vessel microwave digestion system (Perkin Elmer, 

USA) before elemental analysis by ICP-OES and ICP-MS 

using the method described in [27]. Titan MPS closed-

vessel has 10 high-pressure TFM vessels with an internal 

volume of 100 mL (maximum temperature and pressure are 

300 °C and 100 bar, respectively). For digestion, crude oil 

samples (100 mg) were transferred into the digestion vessel, 

followed by the addition of nitric acid (HNO3, 70%; 8 mL) 

and hydrogen peroxide (H2O2, 30% (v/v); 2 mL). The filled 

vessels with crude oils were stirred gently for 10 min, and 

then the vessels were sealed. The digestion processes 

applied were (1) heating at 150 °C target temperature with 

30 bar pressure for 5 min ramp time and holding for 10 min, 

(2) heating at 190 °C target temperature with 35 bar 

pressure limit, and 5 min ramp time, holding for 30 min, and 

(3) heating 50 °C target temperature with 35 bar pressure 

limit, and 1 min ramp time, holding for 30 min. After the 



199 

 

digestion process was completed, the vessels were cooled 

down to room temperature for about 10 min. The solutions 

were diluted with 30 mL of distilled water and shaken for an 

hour on a table shaker. The mixtures were filtered through 

filter paper before heavy metal analysis by ICP-OES. 

 

D. Solid suspended particles 

Crude oil characteristics, such as contaminants in crude 

oil, gas turbine, and diesel engine fuel, were analyzed using 

rotating disc electrode optical emission spectroscopy (RDE-

OES) [28]. Specifically, the rotating disc electrode was used 

to determine soil impurity particles dissolved or suspended 

in an oil sample. Spectroil disc electrode M series has 

critical features for analyzing samples without any 

preparation in 30 seconds. It was used to analyze ash-metal-

based impurities in the fuel for the elements V, Ni, Fe, Na, 

Ca, and Al in triplicate. 

E. Total sulfur content 

The total sulfur content of the crude oil was analyzed 

using energy-dispersive X-ray fluorescence (EDXRF), 

Horiba Scientific Company-USA, by the method described 

in [29]. The portable analyzer has a measurement range 

from 0 to 5 wt% of total sulfur content, according to ASTM 

D4294, with a detection limit of 20 ppm and repeatability of 

15 ppm. The instrument was calibrated using sulfur standard 

solutions ranging from 0.0 to 4.5 wt%. After the calibration, 

5 g of the crude oil sample was used in triplicate to measure 

total sulfur content. 

F. Asphaltene content 

The asphaltene content of the crude oil was measured by 

ASTM D3279 asphaltene analyzer (A Cosmo APD-600A 

asphaltene analyzer Japan) by the method described in [30]. 

The asphaltene analyzer has a measurement range from 0.5 

to 15 wt%, and it has excellent repeatability. Crude oil 

samples were heated at 80 °C for 10 min and then mixed 

with 1 mL of toluene, followed by heating at 80 °C for 10 

min. The mixture was vigorously shaken for 15 min to 

ensure complete dissolution. After that, 100 mL of heated n-

heptane (heated to 80 °C) was added to the mixture, 

followed by stirring for 10 min. The mixture was incubated 

for 40 min to cool down before the analysis. The asphaltene 

content was measured in triplicate. 

G. Instrumentation for elemental analysis 

The concentrations of metals Ag, Mo, Sr, Bi, and Ba 

were analyzed using a method adapted from [31], with slight 

modifications, by Inductively Coupled Plasma Optical 

Emission Spectroscopy (ICP-OES) (iCAP PRO ICP-OES 

Duo) from Thermo Fisher Scientific-Germany. ICP-MS 

(Agilent 7500, California, USA) analyzed the concentrations 

of the remaining elements and metals. Quantification 

involved external standard stock solutions prepared from 

multi-element standard solution VI for ICP (TraceCERT® 

in 2% nitric acid) within the 1–100 μg/L concentration 

range. Calibration curves were generated by plotting the 

measured peak areas against corresponding standard 

concentrations, and linear regression was applied to each 

curve, achieving R² values of 0.938, indicating excellent 

linearity. To reduce interference and matrix effects, both 

standard solutions and samples were prepared in 2% HNO₃. 

The method's linearity was checked using standard solutions 

outside the calibration range (500, 1000, and 5000 μg/L). 

Samples were diluted when their concentrations exceeded 

the linearity range of the method. To monitor instrument 

stability, a 25 ng/L analytical standard solution was 

analyzed every 20 injections, and a blank (100% deionized 

water) was analyzed to check for cross-contamination. 

In the ICP-OES, a cross-flow nebulizer attached to a glass 

spray chamber vaporized the solution. The plasma cell was 

parameterized to the following conditions: RF power of 

1150 W, plasma flow fixed at 12.5 L/min, auxiliary flow of 

0-2.25 L/min, nebulizer flow of 0-1.3 L/min, repeat read 

time of 5 seconds, sample incubated for 25 seconds, and 

pump rate of 45 rpm. The absorbance was recorded from 

167 to 852 nm to maximize signal intensity while 

minimizing matrix-specific spectral interferences. At the 

same time, in the ICP-MS, a concentric nebulizer was 

equipped with a quartz spray chamber, a Babington 

nebulizer, and a quartz torch. An axial injector with an inner 

diameter of 2.5mm was employed. RF power was set to 

1500 W. Argon gas was used to follow the system, with a 

purity of 99.9%, at a regulated pressure of 700kPa (100 psi). 

The nebulizer gas flow rate was set to 0.19 L min−1. The 

sample injection was 0.7 ml/min. The sample injection was 

for 35 seconds, followed by washing for 45 seconds. 

H. Statistical analysis 

A comparison of crude oil samples was performed using 

the Least Significant Difference (LSD) test in IBM SPSS 

Statistics 29 (USA). Results were reported as mean ± 

standard deviation, with comparisons made between EB and 

KH, EB and NU, and KH and NU. Statistical significance 

was determined at the 0.05 level. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Crude oil processing for physicochemical properties and metal 

contents tests. 

III. RESULTS AND DISCUSSION 

A. Physicochemical parameters of the crude oils 

The physicochemical properties of the crude oil samples showed variation 

across the crude oil collected from different geographical locations. The 
physicochemical properties of the crude oils are summarized in Table 1. 

The API gravities of the crude oils varied between 27.16 and 40.57. Nahr 

Umr crude oil had the highest value (more than 40), and it is classified as 
super light crude oil. Khurmala crude oil is also categorized as light crude, 

while East Baghdad crude oil is considered medium grade. The light crude 

oil has a lower viscosity and lighter chemical composition [32]. Heavy 



200 

 

crude oil is considered less desirable than light oil since it produces a lower 

yield of oil byproducts. Khurmala crude oil had the highest water content of 
0.1%, and water content variation is caused by the pumping mechanism 

used during the oil extraction process or reservoir water [33]. The presence 

and movement of water within the reservoir can influence the water content 
of the crude oil. The highest salt content was in Khurmala crude oil at 

295.12 ppm, where the lowest content was 7.99 ppm for Nahr Umr. Salts in 

crude oils can present significant obstacles to refining and transporting 
petroleum, like corrosion, pumping issues, difficulties drilling and filling 

oil wells, catalyst deactivation, scaling issues, and pipeline clogging. The 

mineral salts frequently found in crude oils are primarily sodium chloride, 
with trim levels of calcium and magnesium chlorides [34].Abbreviations 

and Acronyms  

 

Table 1. The physicochemical parameters of crude oil are collected 
from different locations in Iraq. 

Characteristics 
Standard 

Method 

Location of the Oil Fields 

Baghdad  Erbil Basrah 

Oil Filed - 
East 

Baghdad 
Khurmala 

Nahr Umr 
 

Symbol - EB KH NU 

Formation - Zubair Qamchuqa Zubair 

Well no. - 21 3 7 

Depth (m) - 3045 3650 3620 

Longitude - 44.700° E 43.763° E 47.650° E 

Latitude - 33.408° N 35.977° N 30.871° N 

Density@ 15°C 

(g*cm−3) 

ASTM 

D5002 
0.9067 0.8518 0.8199 

Specific gravity 
@ 15°C 

ASTM 
D5002 

0.9083 0.8544 0.8223 

API gravity @ 

15°C 

ASTM 

D5002 
24.39 34.12 40.57 

Water content 
(%) 

ASTM 
D4928 

0.07 0.1 0.08 

Water and 

sediment (%) 

ASTM 

D4007 
0.04 0.5 0.13 

Salt content 

(ppm) 

ASTM 

D3230 
10.15 295.12 7.99 

Sulfur content 

(%) 

ASTM 

D4294 
3.842 2.44 1.327 

Asphaltene 

content (%) 

ASTM 

D3297 
15.422 1.367 0.923 

Viscosity @ 10 
°C 

ASTM 
D445 

36.12 21.13 18.26 

Viscosity @ 21 

°C 

ASTM 

D445 
27.75 13.46 6.83 

Viscosity @ 

37.8 °C 

ASTM 

D445 
19.94 7.09 2.78 

Viscosity @ 50 

°C 

ASTM 

D445 
12.81 4.28 1.75 

 

Sulfur contents of Nahr Umr crude oil (1.327 wt%) were 
the lowest, followed by Khurmala crude oil (2.44 wt%) and 
East Baghdad crude oil (3.842 wt%). The sulfur content 
depends on the thermal maturity of the crude oil; the higher 
the maturity, the lower the sulfur content. Further, the higher 
the maturity, the higher the API value [35]. Nahr Umr crude 
oil (sulfur content = 1.327 wt%, API = 40.57) indicates it is 
more mature than the rest of the crude oils under study. The 
asphaltene content level in Khurmala crude oil was 1.367 
wt%, which is considered the highest value among the three 
crude oil samples, while Nahr Umr crude oil was 0.923 wt% 
as the lowest content. Asphaltenes, one of the densest 
components in crude oil, have significant importance since 
they considerably influence the characteristics of crude oil 
[36]. The characterization above can help the refineries by 

selecting the most suitable crude oil or combination of crude 
oils based on their specific product and taking advantage of 
the distinct qualities of different types of crude oil. 

 

B. Wear metals 

The concentration of 6 distinct wear metals, V, Ni, Fe, Na, Ca, and Al, 

were found in all crude oils, as presented in Table 2. and shown in Figure 3. 
Vanadium (V) showed exceptionally high concentrations, especially in East 

Baghdad (55.65 ppm), which could be attributed to a rich source of 

vanadium in these areas, possibly from vanadium-bearing rocks [37]. 
Conversely, Nahr Umr and Khurmala exhibit lower vanadium levels (12.39 

and 12.48 ppm, respectively). Nickel (Ni) concentrations are notably high, 

particularly in Khurmala (20.62 ppm) and East Baghdad (14.54 ppm). 
These high levels could be due to naturally nickel-rich geological deposits 

[38]. Iron (Fe) content is elevated in Khurmala (1.57 ppm) and Nahr Umr 

(1.28 ppm) compared with East Baghdad, indicating iron-rich soils in these 
regions, possibly due to the presence of iron-bearing minerals. Sodium (Na) 

is highest in Khurmala (5.12 ppm), indicating sodium-rich water or soil 

sources in the area [39]. In comparison, East Baghdad (2.01 ppm) showed 
significantly lower sodium concentrations, highlighting variability across 

the locations.     

 

Table 2. Wear metal concentrations (ppm) in crude oil samples (n=3) 
collected for this investigation. 

Metal Site Max Min Mean St.D. 
P  Value Between  

Two Locations 

V 

 

EB 56.44 54.87 55.65 1.15 EB and NU 1.6*10-9 

KH 13.79 12.48 13.27 0.69 EB and KH  1.7*10-9 

NU 13.72 12.39 12.91 0.70 KH and NU  0.636 

Ni 

 

EB 15.91 13.82 14.76 1.05 EB and NU 1.1*10-6 

KH 20.42 18.97 19.58 0.75 EB and KH  2.3*10-4 

NU 2.88 2.54 2.71 0.17 KH and NU  1.5*10-7 

Fe 

 

EB 0.68 0.53 0.61 0.07 EB and NU 0.011 

KH 1.57 1.39 1.51 0.07 EB and KH  6.2*10-6 

NU 1.37 1.22 1.28 0.08 KH and NU  0.028 

Na 

 

EB 2.39 2.01 2.18 0.19 EB and NU 0.003 

KH 11.59 11.12 11.29 0.25 EB and KH  1.6*10-9 

NU 3.02 2.88 2.93 0.07 KH and NU  2.7*10-9 

Ca 

 

EB 1.27 1.03 1.14 0.12 EB and NU 0.041 

KH 5.51 4.73 5.13 0.39 EB and KH  8.6*10-7 

NU 0.68 0.46 0.57 0.04 KH and NU  0.045 

Al 

EB 1.82 1.53 1.71 0.15 EB and NU 0.532 

KH 1.56 1.27 1.41 0.13 EB and KH  0.027 

NU 1.71 1.59 1.64 0.06 KH and NU  0.066 

The mean difference is significant at the 0.05 level. 
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Fig. 3: The concentrations (ppm) of metal analysis by RDE-OES: V, Ni, 
Fe, Na, Ca, and Al in crude oil samples were collected at different locations 
in Iraq. Multiple box plots represent the mean (n=3) ± SD. Zero means the 
metals are not detected. 

Calcium showed high levels in Khurmala (5.51 ppm), 
indicating the presence of calcium-rich deposits in this area 
[40]. However, Ca levels were much lower in other sites, 
such as East Baghdad and Nahr Umr. These areas may be 
rich in calcareous materials or limestone deposits, factors 
that may affect calcium levels. Aluminium element was 
found in close content in the three samples (1.82, 1.56, and 
1.71 ppm) of East Baghdad, Khurmala, and Nahr Omar, 
respectively.  

The LSD test showed a very significant correlation 
between the crude oil samples under investigation. 
Significant differences in the contents of Ni, Fe, Na, and Ca 
were observed among the three crude oils, with p < 0.05. The 
concentrations of V and Al were significantly different 
between EB and KH, EB and NU, and EB and KH. 
However, the concentrations of V and Al were not 
significant (p = 0.636, p = 0.532, and p = 0.066) between KH 
and NU; EB and NU, respectively. 

Crude oils can be classified into four families based on 
their V/Ni ratios. Ratios higher than 3, with Ni 
concentrations typically below 90 ppm (Family A), indicate 
marine organic material derived from carbonate shales or 
limestone deposited under anoxic conditions. V/Ni ratios 
between 1.9 and 3 (Family B) suggest that source rocks 
formed under disoxic-oxic conditions, with precursor organic 
material of mixed origin, are primarily marine with some 
continental input. Ratios below 1.9 (Family C) point to 
terrestrial organic matter, with source rocks deposited under 
predominantly oxic conditions. Lastly, ratios exceeding 3 

and Ni concentrations above 90 ppm (Family D) are 
associated with marine carbonate source rocks formed in 
euxinic or highly reducing environments. In this study, East 
Baghdad and Nahr Umr had V/Ni ratios of 4.53 and 3.69, 
respectively, placing them in Family A and indicating marine 
organic material and argillaceous limestone as source rocks 
formed under oxygen-deprived conditions. Conversely, the 
Khurmala sample, with a V/Ni ratio of 0.61, belongs to 
Family C, suggesting terrestrial organic matter deposited 
under disoxic-oxic conditions. 

 

C. ICP-OES 

The concentration of 6 elements, Ag, Mo, Ti, Sr, Bi, and 
Ba, by ICP–OES in the crude oils is presented in Table 3 and 
Figure 4. For silver (Ag), East Baghdad recorded the highest 
concentration at 1.99 ppm, while concentrations were below 
0.6 ppm in Nahr Umr and Khurmala. Titanium (Ti) showed 
the highest concentrations at 0.46, 042, and 0.038 ppm in 
Nahr Umr and East Baghdad, respectively, and a trace 
amount in Khurmala. Strontium (Sr) concentrations were 
highest in Nahr Umr and East Baghdad, ranging between 
1.565 and 0.537 ppm, while concentrations in Khurmala 
were lower. Bismuth (Bi) concentrations do not exceed 0.09, 
0.07, and 0.03 ppm in Nahr Umr and East Baghdad, 
respectively. Barium (Ba) concentrations ranged from 0.372 
to 0.215 ppm, indicating its natural presence in the soil or 
rocks in all the studied locations. Molybdenum (Mo) 
concentrations were highest in Nahr Umr and East Baghdad, 
ranging between 3.82 and 3.51 ppm, while concentrations in 
Khurmala were lower, not exceeding 1.6 ppm. The 
significant level of molybdenum in crude oil may be ascribed 
to many reasons, primarily associated with the geochemical 
processes and properties of the source rocks and the reservoir 
environment [42]. One primary factor is the composition of 
the source rock. The source rocks consist of mudrocks that 
are abundant in organic matter and have elevated amounts of 
molybdenum. During the maturation and migration phases, 
the high concentration of Mo in the source rocks may be 
transmitted to the crude oil. The redox conditions of the 
source rock depositional environment influence the 
concentration of molybdenum [43]. Molybdenum 
concentrations in organic-rich mudrocks formed under 
euxinic (anoxic and sulfidic) conditions are often high due to 
molybdenum behavior. The high molybdenum concentration 
in crude oil is also affected by the intense attraction between 
asphaltenes and molybdenum and several reservoir 
processes, such as thermochemical sulfate reduction and 
biodegradation  [44]. 

Notable variations in the concentrations of Ag and Sr 
were detected across the three crude oils, with p < 0.05 by 
LSD test. The concentrations of Mo, Ti, Bi, and Ba showed 
no significant differences between EB and NU (p = 0.528 for 
Mo), EB and NU (p = 0.109 for Ti), KH and NU (p = 0.643 
for Bi), and across various comparisons for Ba, including EB 
and KH (p = 0.27), EB and NU (p = 0.15), and EB and NU 
(p = 0.679). In contrast, other correlations exhibited high 
significance. 
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Table 3. Trace element concentrations (ppm) in crude oil samples (n=3) 
were collected for this investigation. 

Element Site Max Min Mean St.D. 
P  Value Between 

Two Locations 

Ag 

 

EB 0.605 0.489 0.551 0.053 EB and NU 5.6*10-9 

KH 0.041 0.023 0.032 0.01 EB and KH 8.7*10-10 

NU 0.546 0.528 0.358 0.032 KH and NU 2.2*10-6 

Mo 

 

EB 3.527 3.465 3.496 0.036 EB and NU 0.528 

KH 1.512 1.389 1.44 0.062 EB and KH 9.3*10-5 

NU 3.816 2.879 3.446 0.46 KH and NU 1.4*10-4 

Ti 

 

EB 0.421 0.312 0.373 0.055 EB and NU 0.109 

KH 0.038 0.027 0.033 0.006 EB and KH 2.3*10-4 

NU 0.458 0.412 0.428 0.025 KH and NU 9.9*10-6 

Sr 

 

EB 0.543 0.504 0.531 0.017 EB and NU 8.1*10-7 

KH 0.422 0.354 0.407 0.043 EB and KH 0.036 

NU 1.688 1.497 1.689 0.096 KH and NU 3.9*10-7 

Bi 

 

EB 1.631 1.096 1.115 0.303 EB and NU 0.044 

KH 0 0 0 0 EB and KH 0.036 

NU 1.712 1.586 1.703 0.066 KH and NU 0.643 

Ba 

EB 0.299 0.194 0.247 0.029 EB and NU 0.27 

KH 0.347 0.269 0.298 0.025 EB and KH 0.15 

NU 0.372 0.253 0.288 0.062 KH and NU 0.679 

The mean difference is significant at the 0.05 level. 
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Fig. 4: The concentration (ppm) of elemental analysis by ICP-OES: Ag, 
Mo, Ti, Sr, Bi, and Ba in crude oils samples were collected at different 
locations in Iraq. Multiple box plots represent the mean (n=3) ± SD. Zero 
means the metals are not detected.  

D. ICP-MS 

Heavy metal concentrations (ppb) of Hg, Pb, Se, Zn, Sn, 
and Li by ICP-MS analysis are presented in Figure 5 and 
Table 4. Mercury (Hg) showed low concentrations across 
crude oil samples, ranging from 39 to 16 ppt for Nahr Umr 
and East Baghdad, respectively, and was not detected in 
Khurmala. Lead (Pb) concentration in Khurmala was higher 
than that of other sites, which was 650 ppt. In contrast, other 
sites were lower than 331 and 228 ppt for Nahr Umr and East 
Baghdad, respectively, indicating uniform geological 
distribution. Elevated lead levels in these areas may be due to 
geological deposits containing lead. High lead concentrations 
pose environmental and health risks due to the toxic nature 
of lead [45]. Selenium (Se) showed high content in 
Khurmala (190 ppt), while the other crude oil samples 
showed lower content (17 and 9 ppt) for Nahr Umr and East 
Baghdad, respectively. Zinc (Zn) concentrations were 
highest in East Baghdad (230 ppb) and lower concentrations 
in Nahr Umr (9 ppt). Tin (Sn) had a concentration ranging 
from 285 to 157 ppt. Finally, Lithium (Li) had low 
concentrations (71-22 ppb) in all sites .  

The crude oil samples under investigation exhibited a 
highly significant correlation in the LSD test. The p values 
were less than 0.05, indicating that the concentrations of Hg, 
Pb, Zn, and Sn were highly significant among the three crude 
oils. The concentrations of Se and Li were also highly 
significant between EB and KH, as well as between EB and 
NU. The concentrations of Se and Li were not statistically 
significant (p = 0.636, p = 0.211, and p = 0.901) between EB 
and NU for both elements, respectively. 

Table 4. Heavy metals concentrations (ppm) in crude oil samples (n=3) 
were collected for this investigation. 

Element Site Max Min Mean St.D. 
P  Value Between 

Two Locations 

Hg 

 

EB 16 11 13.12 2.64 EB and NU 1.2*10-3 

KH 0 0 0 0 EB and KH 6.6*10-3 

NU 39 27 32.32 6.24 KH and NU 5.7*10-5 

Pb 

 

EB 228 211 219.3 8.08 EB and NU 3.4*10-3 

KH 651 632 636.6 11.93 EB and KH 6.4*10-4 

NU 331 308 317.6 12.28 KH and NU 3.1*10-3 

Se 

 

EB 9 5 7.88 1.52 EB and NU 0.211 

KH 190 169 178.3 10.69 EB and KH 5.5*10-8 

NU 17 11 14.81 3.21 KH and NU 7.2*10-8 

Zn 

 

EB 239 221 238.7 8.02 EB and NU 2.4*10-8 

KH 214 203 205.4 8.73 EB and KH 1.5*10-3 

NU 17 8 11.71 4.93 KH and NU 6.1*10-8 

Sn 

 

EB 156 142 148.6 7.5 EB and NU 1.4*10-6 

KH 45 27 31.96 4.04 EB and KH 4.5*10-6 

NU 12 7 8.16 7.19 KH and NU 0.017 

Li 

 

EB 29 22 24.71 4.04 EB and NU 0.901 

KH 71 59 64.43 6.12 EB and KH 2.5*10-5 

NU 31 16 25.66 5.14 KH and NU 2.7*10-4 

The mean difference is significant at the 0.05 level. 

 

 



203 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The concentration (ppt) of heavy metals analyzed by ICP-MS: 
Hg, Pb, Se, Zn, Sr, and Li in crude oil samples were collected at different 
locations in Iraq. Multiple box plots represent the mean (n=3) ± SD. Zero 
means the metals are not detected. 

 

IV. CONCLUSION 

The current study revealed the physiochemical 
parameters and elemental and heavy metal concentrations of 
the crude oil collected at different locations in Iraq. In our 
study comparing the characteristics of three crude oil 
samples, East Baghdad (EB), Khurmala (KH), and Nahr Umr 
(NU), Nahr Umr (NU) is the most favorable due to its high 
API gravity (40.57), low sulfur content (1.327%), low water 
content (0.08%), low asphaltene content (0.923%), and low 
viscosity, making it easier to refine and process. In contrast, 
East Baghdad (EB) is the least desirable with low API 
gravity (24.39), high sulfur (3.842%), high water content 
(0.07%), high asphaltene content (15.422%), and high 
viscosity, which complicate refining. The concentrations of 
elemental and heavy metals in the oil samples provide 
insights into their quality and potential issues. High levels of 
Vanadium and Nickel, especially in Khurmala, suggest 
challenges in refining due to catalyst poisoning. Lead levels, 
also high in Khurmala, raise environmental concerns. 
Sodium, particularly in Nahr Umr, indicates potential 
corrosion issues in refining equipment. Generally, lower 
levels of Calcium, Iron, and Mercury are positive, suggesting 
fewer operational and environmental problems. Overall, 
Nahr Umr is the best sample for refining, while East 
Baghdad and Khurmala pose more refining challenges and 
environmental risks. 
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