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 The determination of heavy trace metals in crude oil is essential for 

evaluating environmental risks and refining efficiency. This study 

investigates the qualitative and quantitative distribution of heavy trace 

metals in crude oil from major southern Iraqi oilfields (North Rumaila, 

Majnoon, and Zubair) using Laser-Induced Breakdown Spectroscopy 

(LIBS). The liquid crude oil samples were thermally treated at 350 °C to 

produce a stable solid residue, which was then ground into a fine powder 

and compressed into pellets for LIBS analysis. To achieve efficient material 

ablation, the laser beam from a Q-switched Nd:YAG laser (1064 nm, 300 

mJ, 8 ns) was focused onto the pellet surface using a 50 mm focal length 

lens. This setup created a focal spot diameter of approximately 0.4 mm, 

resulting in a calculated laser fluency of 238.8 J/𝑐𝑚2 at the target surface. 

The generated plasma light was then collected and analyzed using an Ocean 

Optics HR4000CG-UV-NIR spectrometer, equipped with a Toshiba 

TCD1304AP linear CCD array detector (3648 pixels) covering a spectral 

range of 200–790 nm. Finally, elemental identification and spectral 

consistency were verified using the NIST atomic spectra database. A wide 

range of toxic and radioactive elements (Hg, Pb, Cd, U, Ra) along with 

transition and noble metals (W, Sn, Mo, Ag, Pt, Au, Ir, Rh) were 

successfully identified. Quantitative analysis showed strong linearity (R² up 

to 0.9961), low detection limits (as low as 0.001841% for Pb), and 

acceptable precision (RSD < 6%). Elemental distribution revealed 

significant variability, with Hg (6.03–9.65%) and Pb (2.26–6.87%) as 

dominant contaminants, and pronounced enrichment in the Zubair sample 

(W3). These findings confirm that LIBS is a rapid, sensitive, and reliable 

technique for multi-element analysis in crude oil. The observed distribution 

of heavy trace metals highlights their environmental and industrial 

significance, particularly in pollution monitoring and refining processes, and 

demonstrates the potential of LIBS as an effective tool for petroleum 

characterization and geochemical assessment. 
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1. INTRODUCTION 

  
Crude oil is a vital natural resource 

underpinning global economic and 

DOI: https://doi.org/ 10.31257/2018/JKP/2026/v18.i1.23793      

التحليل الكمي والنوعي للعناصر المعدنية الثقيلة النزرة في النفط الخام من الحقول النفطية في  

 (LIBS)جنوب العراق باستخدام تقنية 

 
 2, صاحب نعمه عبد الواحد1مريم نعمه صالح

 

 قسم الفيزياء , كلية التربية للبنات , جامعة الكوفة , العراق  1,2

 الــــخُـــلاصـــة   الكلمات المفتاحية: 

IBS  ، 

العناصر المعدنية الثقيلة 

 النزرة،

 النفط الخام العراقي،  

 البصمة الجيوكيميائية،  

 التحليل الكمي،

 توصيف المكامن النفطية.  

  

يعُد تحديد العناصر المعدنية الثقيلة النزرة في النفط الخام أمراً أساسياً لتقييم المخاطر البيئية وكفاءة  

عمليات التكرير. تستقصي هذه الدراسة التوزيع النوعي والكمي للعناصر المعدنية الثقيلة النزرة في 

ميلة، مجنون، والزبير( باستخدام  النفط الخام من الحقول النفطية الرئيسة في جنوب العراق )شمال الر

 (. LIBSتقنية التحليل الطيفي بالانهيار المستحث بالليزر )

عند درجة حرارة   السائل حرارياً  الخام  النفط  درجة مئوية لإنتاج متبقٍ   350تمت معالجة عينات 

( لتحليلها Pelletsصلب مستقر، جرى طحنه بعد ذلك إلى مسحوق ناعم وضغطه في هيئة أقراص )

(. ولتحقيق استئصال فعال للمادة، تم LIBSبواسطة تقنية مطيافية الانبعاث الذري المستحث بالليزر )

 300نانومتر، وطاقة    1064( بطول موجي  Q-switched Nd:YAGتركيز شعاع الليزر من نظام )

 50نانو ثانية، على سطح القرص باستخدام عدسة ذات بعد بؤري قدره    8ميلي جول، ونبضة مدتها  

محسوب   ملم، مما أدى إلى فيض ليزري  0.4ملم؛ وقد نتج عن هذا الإعداد بقعة بؤرية بقطر تقريبي يبلغ  

مطياف   ²جول/سم  238.8قدره   باستخدام  وحُلل  المتولد  البلازما  ضوء  جُمع  الهدف.  سطح  عند 

(Ocean Optics HR4000CG-UV-NIR( المزود بكاشف مصفوفة ،)CCD خطي من نوع )

(Toshiba TCD1304AP  بـ )نانومتر؛   790إلى    200بكسل، يغطي نطاقاً طيفياً يمتد من    3648

وفي الختام، تم التحقق من تحديد العناصر واتساق الأطياف بالاستناد إلى قاعدة بيانات المعهد الوطني 

 ( للأطياف الذرية. NISTللمعايير والتقنية )

( إلى Hg  ،Pb  ،Cd  ،U  ،Raتم التعرف بنجاح على نطاق واسع من العناصر السامة والمشعة ) 

(، أظهر التحليل الكمي خطية W  ،Sn  ،Mo  ،Ag  ،Pt  ،Au  ،Ir  ،Rhجانب الفلزات الانتقالية والنبيلة )

 معدن % ل0.001841(، وحدود كشف منخفضة )تصل إلى  0.9961يصل إلى    R²عالية )معامل تحديد  

Pb  ودقة مقبولة ،)(RSD < 6%)وكشف توزيع العناصر عن تباين ملحوظ، حيث كان الزئبق ، Hg 

من الملوثات السائدة، مع إغناء واضح في عينة  Pb ((2.26–6.87%والرصاص  9.65%–6.03))

 (. W3الزبير )

النتائج أن تقنية   العناصر في   LIBSتؤكد هذه  لتحليل متعدد  تعُد وسيلة سريعة وحساسة وموثوقة 

النفط الخام. كما يبرز التوزيع الملحوظ للعناصر المعدنية الثقيلة النزرة أهميتها البيئية والصناعية، ولا 

لتقنية   الكبيرة  الإمكانات  ويظُهر  التكرير،  وعمليات  التلوث  مراقبة  في  في    LIBSسيما  فعّالة  كأداة 

 توصيف النفط والتقييم الجيوكيميائي.
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industrial development, serving as a 

primary source of energy and 

petrochemical feedstock [1]. It also 

constitutes a cornerstone of the Iraqi 

economy, accounting for approximately 

96% of total exports and significantly 

influencing GDP, national income, and 

foreign reserves [2]. 

Chemically, crude oil is a complex 

mixture of hydrocarbons along with 

non-hydrocarbon compounds 

containing sulfur, nitrogen, and oxygen, 

in addition to trace levels of rare earth 

elements [3]. Heavy metals, particularly 

nickel (Ni), vanadium (V), iron (Fe), 

cobalt (Co), and copper (Cu), form an 

important fraction of its inorganic 

composition. Despite their low 

concentrations, these metals strongly 

influence oil properties and are 

commonly associated with complex 

molecular structures such as porphyrins, 

exhibiting distinct spectral behavior in 

laser-induced plasmas [4]. 

Heavy metals play a crucial role in 

petroleum geochemistry as indicators of 

oil type, origin, and thermal maturity, 

while their elevated levels pose industrial 

challenges by deactivating refining 

catalysts and increasing emissions. 

Therefore, rapid and accurate detection is 

essential. Laser-Induced Breakdown 

Spectroscopy (LIBS) provides a 

powerful analytical approach for direct 

multi-element detection, offering 

advantages over conventional techniques 

such as ICP-MS and AAS in terms of 

minimal sample preparation and faster 

analysis. LIBS operates by generating 

plasma through laser ablation and 

analyzing emitted spectra for qualitative 

and quantitative determination [5–9]. 

LIBS enables real-time, in-situ 

elemental analysis with high sensitivity 

and multi-element capability, 

supporting applications across 

environmental monitoring, industrial 

analysis, and petroleum studies [10–15]. 

Previous studies have demonstrated its 

effectiveness in detecting heavy metals 

in crude oil, including improvements in 

sensitivity and homogeneity using 

advanced sample preparation methods 

such as xerogels and thin films [16,20]. 

   However, a significant research gap 

remains regarding the scarcity of 

comprehensive studies addressing Iraqi 

crude oil using LIBS in a direct and 

integrated manner. The scientific 

literature lacks extensive research that 

combines precise qualitative and 

quantitative analysis of both heavy 

metals and radioactive elements, which 

may be present in varying 

concentrations and impact both oil 

quality and environmental safety [21, 

22]. 

   This study specifically aims to 

bridge this gap by developing a 

comprehensive LIBS-based analytical 

framework to determine the 

concentration of trace heavy metals and 

potentially radioactive constituents in 

crude oil samples from key southern 

Iraqi oilfields. A primary objective is to 

critically evaluate the efficiency and 

precision of LIBS in comparison to 

traditional techniques (such as ICP-

OES/MS), establishing its reliability for 
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industrial grade analysis. Additionally, 

the research seeks to explore the 

geochemical disparities and elemental 

distributions across these fields, 

providing new insights into the 

correlation between inorganic trace 

profiles and the geological 

characteristics of the southern Iraqi 

petroleum reservoirs [23-25] 

 LIBS ANALYTICAL 

 FEATURES  

Laser-Induced Breakdown 

Spectroscopy (LIBS) enables the detection 

of a wide range of elements across the 

periodic table, from hydrogen (H) to 

uranium (U). However, its analytical 

performance is influenced by factors such 

as ionization energy and matrix effects, 

which may reduce sensitivity for certain 

light elements (e.g., B, Li, Be). In contrast, 

transition and heavy metals such as Fe, Cu, 

Pb, and Zn are typically quantified with 

higher reliability. LIBS has also 

demonstrated effectiveness in detecting 

toxic metals including As, Cd, and Hg 

[26,27]. 

In compared to conventional analytical 

methodologies, Laser-Induced 

Breakdown Spectroscopy (LIBS) 

demonstrates a superior elemental 

detection gamut. While Instrumental 

Neutron Activation Analysis (INAA) 

exhibits high sensitivity for a broad 

spectrum of elements (Na to U), and X-

ray Fluorescence (XRF) remains limited 

to the F-U range with significant 

constraints in light element detection, 

LIBS facilitates the identification of 

nearly the entire periodic table, including 

low-Z elements. Furthermore, in contrast 

to X-ray Photoelectron Spectroscopy 

(XPS), which is inherently surface-

confined to nano-metric depths, LIBS 

provides a more comprehensive analytical 

volume through its multi-pulse ablation 

capabilities. Consequently, the capacity 

for rapid, multi-elemental acquisition 

without extensive sample pretreatment 

renders LIBS a more robust and versatile 

candidate than XRF for the 

characterization of complex hydrocarbon 

matrices such as crude oil [28–30]. 

The analytical accuracy of LIBS ranges 

from moderate to high, depending on 

matrix effects, environmental conditions, 

and calibration procedures, with reliable 

quantification requiring appropriate 

reference standards [31]. Precision 

typically falls within a relative standard 

deviation (RSD) of 5–10% [32].  LIBS 

exhibits ppm-level sensitivity, with 

detection limits generally in the tens to 

hundreds of ppm, which can be improved 

through optimized conditions or advanced 

approaches such as double-pulse 

configurations [33–34]. 

Although LIBS generally shows lower 

sensitivity and higher detection limits 

than ICP and INAA, it offers significant 

advantages, including rapid analysis, 

minimal sample preparation, and in-situ 

capability, making it highly suitable for 

real-time and field-based applications 

[35]. 

3.EXPERIMENTAL 

METHODOLOGY  

3.1 Sample Collection 

Crude oil samples were collected from 

major southern Iraqi oil fields (North 

Rumaila, Zubair, and Majnoon) to 

investigate the distribution of trace heavy 

metals using spectroscopic techniques. 

Standard sampling procedures were 
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strictly followed to ensure 

representativeness and to minimize 

contamination during collection, 

handling, and transportation. Samples 

were transferred into clean, chemically 

inert containers to preserve their original 

composition. The selected fields provide 

geological diversity, enhancing the 

reliability of the analysis. All samples 

were coded as “W,” as presented in Table 

1. 

Table 1: Names and Locations of 

Crude Oil Samples Analyzed in this 

Study 

Sample Name Field Governorate Region 

W1 North Rumaila Basra South Iraq 

W2 Majnoon Basra South Iraq 

W3 Zubair Basra South Iraq 

 

3.2 Sample preparation 

To ensure reliable LIBS analysis, crude 

oil samples were thermally treated to 

obtain solid residues. For each sample, 10 

mL of crude oil was heated at 350 °C 

under atmospheric conditions to remove 

volatile components, and the process was 

repeated five times to obtain sufficient 

material. The resulting residues were 

ground using an agate mortar to produce a 

homogeneous fine powder (<0.5 mm). 

Approximately 0.25 g of the powder was 

then compressed into pellets (10 mm 

diameter, ~1 mm thickness) at 20 MPa 

using a hydraulic press. These preparation 

steps improve sample homogeneity, 

reduce matrix effects, enhance spectral 

quality, and minimize the influence of 

moisture on LIBS signal intensity [36–

38]. 

3.3 LIBS Technology 

Laser-Induced Breakdown 

Spectroscopy (LIBS) is an atomic 

emission technique derived from AES, 

utilizing high-energy laser pulses as an 

excitation source for multi-elemental 

analysis [39]. A typical LIBS system 

consists of a laser source, beam delivery 

optics, plasma emission collection 

components, a spectrometer, and a 

detection unit. 

 

In this study, a Q-switched Nd:YAG 

laser (1064 nm, 300 mJ, 8 ns, 6 Hz) was 

employed to induce plasma on the 

surface of solid crude oil samples. The 

laser beam was focused using a 50 mm 

focal length lens, producing a focal spot 

diameter of approximately 0.4 mm and a 

calculated laser fluence of 238.8 J/cm². 

The resulting plasma emission was 

collected at a 90° geometry via a 

collimating lens and transmitted through 

a fused silica optical fiber to an Ocean 

Optics HR4000CG-UV-NIR 
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spectrometer equipped with a Toshiba 

TCD1304AP linear CCD detector, 

providing spectral coverage from 200 to 

790 nm with a spectral stability of 0.1 nm 

(Fig. 1). 

For each pellet, spectra were acquired 

from different surface positions to 

minimize local inhomogeneity effects. 

Each reported spectrum represented the 

average of 20 accumulated laser shots, 

while the measurement was repeated 

three times under identical experimental 

conditions to improve repeatability and 

signal stability. Prior to spectral 

acquisition, preliminary cleaning shots 

were applied to remove possible surface 

contamination. Instrument calibration 

was verified using standard reference 

emission lines to ensure wavelength 

accuracy and spectral reproducibility 

throughout the measurements. 

The analytical capability of LIBS is 

based on the identification and 

quantification of elements through their 

characteristic emission lines [40]. 

Nanosecond laser pulses were selected 

due to their stable plasma generation and 

balanced analytical performance. In 

addition, synchronization between the 

laser pulse and detector through an 

optimized delay time significantly 

improved the signal-to-background ratio 

and enhanced analytical precision. 

 

Fig. 1. The experimental setup of 

Laser Induced Breakdown 

Spectroscopy (LIBS). 

3.4 Plasma Evolution 

The evolution of LIBS plasma 

involves a sequence of rapid physical 

processes, beginning with surface 

heating, followed by melting, 

vaporization, and ionization. Upon 

irradiation with a high-energy laser 

pulse, a small quantity of material (on the 

order of micrograms) is ablated, leading 

to the formation of a transient plasma 

composed of atoms, ions, and electrons 

[41]. 

The plasma reaches very high 

temperatures and expands rapidly away 

from the sample surface, followed by a 

cooling phase during which continuum 

emission decreases and characteristic 

atomic emissions become dominant. 

These emissions, corresponding to 



JOURNAL OF KUFA–PHYSICS  |  Vol. 18, No. 1 (2026)                  Maryam Neamah Saleh Sahib Neamah AbdulWahid                                                             

  150 

specific elemental wavelengths, form the 

basis of LIBS analysis. 

The emitted radiation is collected and 

directed to a spectrometer equipped with 

a CCD detector, enabling high-resolution 

spectral acquisition typically within the 

200–790 nm range. Spectral resolution is 

a key factor in distinguishing closely 

spaced emission lines, particularly in 

complex matrices such as crude oil. 

Elemental identification is achieved by 

comparing measured wavelengths with 

standard reference data, such as the NIST 

database. 

4. RESULTS AND DISCUSSION 

 4.1 Qualitative Analysis of Heavy 

Trace Metals   

The LIBS spectra of crude oil samples 

(W1–W3) within the 200–790 nm range 

exhibited characteristic emission 

profiles consisting of a continuum 

background with superimposed sharp 

atomic lines, enabling direct qualitative 

elemental identification. Spectral lines 

were accurately matched with the NIST 

database, ensuring reliable 

identification, as shown in Fig.2. (a, b, 

c). 

The analysis confirmed the presence 

of several heavy trace metals, including 

Hg, Cd, Pb, U, Ra, Mo, Sn, W, Ta, and 

In, detected through low-intensity 

emission lines consistent with their trace 

concentrations. Their identification 

reflects the high sensitivity of LIBS for 

multi-element detection in complex 

matrices. Additionally, noble metals 

such as Ag, Pt, Au, Ir, and Rh were 

detected, demonstrating the capability 

of LIBS to identify elements with high 

ionization energies and weak emission 

characteristics . 

More abundant elements, including 

V, Ni, Fe, Cu  ،Zn  ،Cr  ،Mn  ،Co  ،Ti  ،Sr  ،

and Ba, exhibited stronger emission 

lines, highlighting the wide dynamic 

range and robustness of LIBS for 

simultaneous detection of major and 

trace elements. 
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Fig 2. Typical LIBS spectra of crude 

oil samples W1 (North Rumaila) ,W2 

(Majnoon) and W3 (Zubair), collected 

from southe Iraqi oil fields, recorded in 

the 200–790 nm range. Variations in 

LIBS signal intensity along the y-axis 

reflect differences in the 

concentrations of Heavy trace metals 

present in each sample. 

4.2 Quantitative Analysis of Iraqi 

Crude Oil Samples Using LIBS 

The quantitative performance of LIBS 

for heavy trace metal analysis in Iraqi 

crude oil was evaluated using LOD, 

LOQ, RSD, and R² (Table 2).  

The quantitative accuracy is based 

on the LOD equation 

𝑳𝑶𝑫 =
𝟑𝝈

𝑺
 

where 𝝈 is the background standard 

deviation and 𝑺 is the calibration 

sensitivity. 

Excellent linearity was achieved for 

all elements, with R² values ranging 

from 0.9776 to 0.994, confirming the 

reliability of the calibration models. 

LOD values showed element-

dependent variation, with the lowest 

values obtained for Pb (0.001841%), U 

(0.001986%), and Mo (0.006822%), 

indicating high sensitivity, while 

higher LODs for Sn (0.143353%) and 

Hg (0.634028%) reflect weaker 

emission efficiency and plasma-related 

effects. LOQ values followed a similar 

trend, further supporting the variability 

in quantification capability. 

The method demonstrated good 

precision, with RSD values between 

1.167% and 5.755%, indicating 

acceptable repeatability for complex 

matrices. Lower RSD values (e.g., W, 

Rh) suggest stable plasma conditions, 

whereas higher values (e.g., U) may be 

attributed to matrix effects and signal 

fluctuations. 

Overall, LIBS exhibits reliable 

quantitative performance for multi-

element detection, with sensitivity and 

accuracy governed by elemental 

spectroscopic properties and plasma 

dynamics, confirming its suitability for 

rapid analysis of heavy trace metals in 

crude oil [42]. 

Although direct experimental 

validation using reference techniques 

such as ICP-MS or AAS was not 

performed due to instrumental 

limitations, the obtained LIBS results 

demonstrated high linearity (R² up to 

0.9961), low detection limits, and 

acceptable repeatability (RSD < 6%). 

Furthermore, the detected elemental 

distribution patterns and concentration 

trends showed good consistency with 
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previously reported spectroscopic 

studies on crude oil residues and 

petroleum matrices [43,44]. These 

observations support the reliability of 

the proposed LIBS methodology for 

rapid multi-element analysis of Iraqi 

crude oil samples. 

Table (2): Analytical performance 

parameters of trace heavy metals 

identified by LIBS in Iraqi crude oil 

samples. 

 

4.3 Distribution of Heavy Trace Metal 

Concentrations in Iraqi Crude Oil 

Table (3) presents the concentrations 

(%) of heavy trace metals in crude oil 

samples from southern Iraqi oilfields 

(Rumaila, Majnoon, and Zubair), 

revealing clear variability in elemental 

distribution.  

Mercury (Hg) exhibited the highest 

concentrations, ranging from 6.03% 

(Majnoon) to 9.65% (Zubair), followed 

by lead (Pb) (2.26–6.87%) with a clear 

enrichment in Zubair.  

The relatively elevated Hg and Pb 

values obtained in the present study 

compared with commonly reported 

concentrations in global crude oil 

matrices may be attributed to several 

analytical and physicochemical factors 

associated with LIBS measurements 

and sample preparation procedures. 

During the thermal treatment process at 

350 °C, volatile hydrocarbon fractions 

were removed, which may have resulted 

in the relative enrichment of non-

volatile heavy metallic constituents 

within the remaining solid residues 

subjected to LIBS analysis. Similar 

enrichment behavior following thermal 

concentration has been discussed in 

previous spectroscopic investigations of 

petroleum residues and hydrocarbon-

derived matrices [45]. 

In addition, quantitative LIBS 

analysis of complex petroleum samples 

is strongly influenced by matrix effects, 

plasma temperature fluctuations, self-

absorption phenomena, and spectral line 

overlap, all of which can alter emission 

intensities and affect the apparent 

elemental concentrations [46,47]. The 

heterogeneous composition of crude oil 

residues, containing both organic and 

inorganic phases, may further contribute 

to variations in laser–matter interaction 

and plasma expansion dynamics. 

Despite these limitations, several 

indicators support the internal 

reliability and reproducibility of the 

obtained results. The measurements 

demonstrated acceptable repeatability 

with relative standard deviation (RSD) 

values below 6%, high calibration 

linearity (R² up to 0.9961), and stable 

spectral behavior across repeated 

acquisitions performed at different 

pellet positions. Therefore, the reported 

values should be interpreted primarily 
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as relative quantitative distributions 

within the analyzed solid residues 

rather than absolute bulk concentrations 

of untreated crude oil samples. Further 

validation using complementary 

analytical techniques such as ICP-MS 

or AAS is recommended to confirm 

absolute concentration levels. 

Similarly, tungsten (W) reached its 

maximum in Rumaila (6.24%), while 

tin (Sn) remained relatively stable 

(~2.52–3.43%) across all fields. 

Moderate concentrations were 

observed for Au and Rh, both showing 

a clear increasing trend toward Zubair 

(Au: 0.02 → 1.74%, Rh: 0.14 → 1.36% 

from Rumaila to Zubair). Silver (Ag) 

also exhibited a strong increasing trend 

(0.006% in Rumaila to 1.50% in 

Zubair), indicating progressive 

enrichment. 

Radioactive elements showed 

distinct behavior, with U peaking in 

Majnoon (1.86%), while Ra increased 

toward Zubair (0.55%), suggesting 

variable distribution patterns among 

fields. In contrast, Pt displayed a 

localized maximum in Majnoon 

(1.71%), unlike most elements. 

Lower concentrations were 

consistently observed for Mo, Ta, In, Ir, 

and Cd, with no clear enrichment trend, 

confirming their trace-level presence. 

Overall, a general enrichment trend 

is observed toward Zubair for most 

elements (Hg, Pb, Au, Rh, Ag, Ra), 

while Majnoon shows localized 

enrichment in specific elements (U, Pt), 

and Rumaila is characterized by 

relatively lower concentrations except 

for W. These trends highlight 

compositional heterogeneity among the 

oilfields and reflect differences in 

plasma–element interaction and matrix 

effects during LIBS analysis [43]. 

  These findings regarding the 

characterization and distribution of 

heavy metal elements reinforce the 

conclusions of previous spectroscopic 

studies conducted on various 

hydrocarbon residues. The high degree 

of consistency with references [48, 49] 

confirms the effectiveness of the LIBS 

technique as a precise analytical tool for 

monitoring trace elements and its 

superior capability to track 

concentration gradients within complex 

petroleum matrices, thereby providing 

additional reliability to the elemental 

variations recorded in the current study. 

The relatively high Hg and Pb values 

observed in the Zubair sample 

compared with commonly reported 

global crude oil concentrations may be 

related to both geological and 

analytical factors. Variations in source 

rock composition, reservoir maturity, 

and industrial activities associated with 

oil production may contribute to 

localized heavy metal enrichment [46]. 

In addition, thermal treatment of crude 

oil prior to LIBS analysis may lead to 

relative enrichment of non-volatile 

metallic constituents within the 

analyzed residues [49]. From an 

analytical perspective, matrix effects, 

plasma fluctuations, self-absorption, 

and spectral overlap can significantly 

influence LIBS emission intensities 

and quantitative estimations [49]. 

Nevertheless, the acceptable 

repeatability (RSD < 6%) and high 

calibration linearity (R² up to 0.9961) 
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support the reproducibility and relative 

quantitative reliability of the obtained 

results. 

Table (3): Relative Quantitative 

Concentrations (%) of trace heavy 

metals in Iraqi crude oilresidues 

determined by LIBS. 

W3 W2 W1 El

em

ent 

3.42595868

8 

2.52378

2194 

3.41665405

3 

Sn 

3.93866192

9 

3.53775

3263 

6.23703244

1 

W 

1.50443072

6 

0.25685

8893 

0.00603468

6 

Ag 

0.12126139

1 

0.14741

8592 

0.00878180

1 

Cd 

6.87167469

9 

2.25949

0649 

4.73460580

2 

Pb 

0.33082031

1 

1.85575

5791 

1.66530649

1 

U 

0.55275556

8 

0.28753

7376 

0.08199029

3 

Ra 

0.37387113

4 

1.70556

7061 

0.29383749

6 

Pt 

0.00913742

7 

0.53938

8017 

0.08584441

1 

In 

0.00940271

5 

0.82848

1337 

0.07166798

8 

Ir 

0.03244972

6 

0.30157

9575 

0.23612384

1 

Ta 

0.02350268 0.31458

0863 

0.39515691

6 

M

o 

1.35504464

7 

0.47672

4181 

0.14031176

8 

Rh 

1.73557048

6 

1.59229

1754 

0.01672220

6 

Au 

9.65243762

1 

6.03153

6416 

7.25158498

3 

Hg 

5. CONCLUSION 

This study confirms the 

effectiveness of LIBS as a rapid and 

reliable technique for the qualitative 

and quantitative analysis of heavy trace 

metals in crude oil from southern Iraqi 

oilfields (Rumaila, Majnoon, and 

Zubair). Multiple heavy trace metals 

(Hg, Cd, Pb, U, Ra, Mo, Sn, W, Ta, In) 

and noble metals (Ag, Pt, Au, Ir, Rh) 

were successfully identified, 

demonstrating the multi-element 

detection capability of the technique. 

The method showed strong 

analytical performance, with high 

linearity (R² = 0.9776–0.994) and good 

precision (RSD < 6%). Quantitative 

results revealed clear variability among 

fields, with Zubair enriched in most 

elements (Hg, Pb, Au, Rh, Ag), while 

Majnoon showed localized enrichment 

in U and Pt, and Rumaila exhibited 

generally lower concentrations except 

for W. 

Overall, the results demonstrate that 

LIBS provides a rapid and reliable 

approach for multi-element analysis in 

complex crude oil matrices, with 

analytical performance supported by 

acceptable precision, strong calibration 

linearity, and consistency with 
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previously reported spectroscopic 

studies. 
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