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Implementation of laser-induced breakdown spectroscopy 

(LIBS) technique in evaluating of renal failure in patients with 

iron (Fe) deficiency 

Iman Sami1*, Muayyed Jabar Zoory1, Sadiq Hassan Lefta2 

 

ackground: Iron deficiency is known to have implications for kidney function, and its association with 

renal failure has prompted investigations into novel diagnostic tools. This study explores the potential 

of Laser Breakdown Spectroscopy (LIBS) as a diagnostic technique for identifying renal failure in iron-

deficient patients. 

Methods: Blood samples from patients with renal failure and iron deficiency were subjected to LIBS analysis, 

with results compared to samples from healthy individuals. LIBS involves directing a high-energy laser onto 

the sample, generating plasma that emits distinctive spectral lines. The elemental composition of the sample 

can be determined by analyzing these lines. 

Results: Statistically significant differences in the initial composition of blood samples were observed between 

patients with renal failure and iron deficiency, as opposed to those from healthy individuals. Specific elemental 

markers indicative of renal failure in iron-deficient patients were identified through LIBS analysis. 

Conclusion: This study suggests that LIBS holds promise as a cost-effective and efficient diagnostic tool for 

detecting renal failure in iron-deficient patients. The identification of specific elemental markers offers 

potential for targeted diagnostic interventions, emphasizing the clinical utility of LIBS in the realm of renal 

health assessment. 
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Introduction 

Iron deficiency is a common problem among patients 

with kidney failure, which can lead to a range of serious 

health problems and negatively affect their quality of 

life[1]. Diagnosing and treating iron deficiency in these 

patients is very tedious and presents many challenges, 

as renal failure is characterized by the inability of the 

kidneys to filter excess fluid and waste products from 

the blood. This can lead to a chemical imbalance in the 

body and the buildup of toxic waste, which can lead to 

low levels of iron in the blood [2]. In addition, treatment 

for kidney failure may lead to iron loss. Dialysis and 

filtration sessions are used to remove excess iron from 

the body[2]. This occurs when the kidneys become 

unable to adequately filter waste and excess fluid from 

the blood, leading to a buildup of toxins and other 

harmful substances in the body [3]. Kidney failure can be 

caused by a variety of factors, including chronic diseases 

such as diabetes and high blood pressure, as well as 

certain medications, infections, and genetic disorders. 

Despite advances in medical technology and treatments, 

kidney failure remains a major public health challenge, 

with high incidence, morbidity, and mortality [4]. 

Patients with kidney failure often require lifelong 

dialysis or a kidney transplant, which can have a 

significant impact on their quality of life and place a 

huge burden on healthcare systems. The underlying 

causes and risk factors for renal failure, as well as to 

develop more effective prevention and treatment 

strategies [5]. Renal failure, a condition characterized by 

the loss of kidney function, affects millions of people 

worldwide and is a major cause of morbidity and 

mortality [6]. Early diagnosis of renal failure is crucial for 

effective treatment and management. However, current 

diagnostic techniques for renal failure often require 

invasive procedures or are limited in their ability to 

detect disease in its early stages [6]. Therefore, new, 

non-invasive diagnostic techniques that can accurately 

detect and monitor renal failure are needed. LIBS is a 

laser-based analytical technique that uses a highly 

focused laser beam to create a plasma on the surface of 

a sample, which emits distinct spectral lines that can be 

used to determine the elemental composition of a 

sample. LIBS has several advantages over conventional 

diagnostic techniques, including its non-invasive 

nature, high sensitivity, and ability to detect multiple 

items simultaneously. LIBS (Laser Induced Breakdown 

Spectroscopy) is a type of analytical technique that uses 

a laser to vaporize a small amount of a plasma forming 

sample [7]. This plasma then emits light that can be 

analyzed to determine the chemical composition of the 

sample. In medicine, LIBS technology has been used in 

a wide variety of applications. For example, it has been 

used to detect heavy metals in tissues and biological 

fluids, such as iron in blood samples. It has also been 

used to identify microorganisms, such as bacteria and 

viruses, in clinical samples. One potential application of 

the LIBS technique in medicine is cancer diagnosis [8]. 

Cancer cells have different chemical compositions than 

normal cells, and the Laser-induced breakdown 

spectroscopy (LIBS ) technique can be used to detect 

these differences in tissue samples. This can lead to 

faster and more accurate diagnosis of cancer, allowing 

for earlier treatment and better patient outcomes [9]. 

However, more research is needed to fully understand 

the capabilities and limitations of this technology in a 

clinical setting. for the diagnosis of renal failure. LIBS 

can detect elements such as potassium, calcium, 

magnesium, iron, and zinc. Despite its potential, there 

is still much to learn about the application of LIBS for 

the diagnosis and monitoring of renal failure in humans 

[10]. This includes developing standardized protocols 

for sample preparation, improving LIBS standards, and 

validating results using clinical data. However, with the 

continuous development of this technology and 

continuous research efforts [11]. The aim of this 

research is to highlight the challenges and importance 

of diagnosing and treating iron deficiency in patients 

with renal failure, as well as to explore the potential 

application of laser-induced breakdown spectroscopy 

(LIBS) for the diagnosis and monitoring of renal failure. 

Methods 

a. Preparation of experimental samples 

The blood plasma samples of patients with renal failure 

were provided by the Medical City Hospital in Baghdad, 

Iraq, with different levels of urea and creatine. Samples 

were used without any modification. We took a sample 

of the blood of an infected person and a sample of the 

blood of a healthy person using a centrifuge as shown in 

Figure (1). The surface of the sample with a lens with a 

focal length of 10 cm. The plasma was formed at a 

frequency of 1 Hz avoiding damage or delamination of 

the surface of the material. We collected the plasma 

spectrum of the fiber, passed it through the optical fiber, 

and then added the data in the form of intensity as a 

function of wavelength. 

b. Experimental setup 

The device consists of a Q-switching Nd-YAG laser with 

a pulse duration of 10 ns, a pulse repetition frequency of 

1 Hz, and a wavelength of 1064 nm. At the focal length 

of the converging lens (f = 10 cm), a laser beam was 

focused on the sample's surface. Optical fiber set at 45° 

with beam directed at 10 cm from plasma, vaporization, 

and ionization produced by the sample. The spectra of 

laser-target plasma offer spectroscopic information. A 

fiber optic cable connects the spectrum analyzer to the 

plasma emission spectrum (FOC). A spectrum analyzer 

is connected to a charge-coupled device (CCD) with an 
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array of detectors to record spectral lines. Thorlabs' PC 

program and a spectrum analyzer (CCS 100/M) with a 

resolution of 0.5 nm and a time integration of 800 s were 

used to acquire the spectrum over a wavelength range of 

321–740 nm. NIST provided all spectrum data [12]. 

Optical emission spectra were recorded for plasma 

ablation from the surfaces of medical samples for 

patients with chronic renal failure using an 

experimental LIBS system, which is shown in Fig.1. 

 

Figure 1: Schematic diagram of the experimental setup for LIBS. 

c. Nd:YAG Laser 

The type of pulse laser utilized for LIBS is Nd:YAG 

(Neodymium-doped yttrium aluminum garnet), it is a 

kind of solid-state lasers was used as laser medium with 

1064 nm fundamental wavelength and a repetition rate 

of 1 Hz for plasma excitation. It operated in the Q-

switching mode to obtain short pulse duration in 10 ns 

range to get a high peak power in the megawatt range. 

Results 

Exploring the emission spectral of iron traces in serum 

In the accompanying pictures, in particular, the 

emission spectra from iron traces discovered in the 

serum of three different groups—affected people, 

healthy people, and impacted people—are displayed. 

These figures concentrate on showing a variety of 

emission spectra that fall within the wavelength range 

of 340.760-624.758 nm. 

Exploring plasma electron temperature and density 

The Boltzmann equation had been utilized to formulate 

a Boltzmann diagram, serving as a method for 

ascertaining the temperature of electrons. The spectral 

line intensity (I) linked to the transition between two 

atomic energy levels, Ek and Ei, had been determined 

using the equation [13]: 

I =
hc

4πλ
 . N(T)

AKigk

U(T)
exp (−

Ek

KTe

) … … … … … … … … … … … . (1) 

  Where, h, c, λ, N(T), Aki , gk  , Ek , Te , K and U(T) are 

representing the Blank constant ,the speed of light ,  the 

wavelength, the number of atoms, the transition 

probability, the statistical weight for the upper level, the 

excited energy level, the electron temperature, the 

Boltzmann constants and the partition function, 

respectively [13]. 

 
Figure 2: (A) LIBS spectrum of an iron (Fe) S1 infected, (B) LIBS 
spectrum of an iron (Fe) S2 healthy, (C) LIBS spectrum of an iron. 

Also, can measure the electron temperature to one 

emission spectral become as shown in equation below 

[14]. 

Te =
𝐸𝑘

𝐾  ln (
𝛪𝜆

𝐴𝑘𝑖𝑔𝑘
)

… … … … … … … … … … … … … … … … … … . . (2) 

   The free electrons number per unit of volume is called 

the density of electron (ne) [14]. The plasma electron 

density identifies the number of ions/electrons that will 

interact with the laser and subsequently the variation in 

the characteristics of each energy source due to the 

other. The density of electron generally, determines the 

thermo-dynamical equilibrium state of the plasma. 

Another test related to density of electron being high 

sufficient for collisions to dominate the levels 

population. This standard was primarily formulated and 

is now named the criterion of McWhirter. The critical 

density of electron necessary to achieve the local 

thermal equilibrium (LTE) condition is given by the 

McWhirter criterion [15,16]: 

𝑛𝑒 ≥ 1.6 ∗ 1012. Te

1
2⁄  . (∆E)3 … … … … … … … … … … … … … . (3)   

Where, (ΔE) is the energy difference between the lower 

and upper energy states in the transition lines of 

adjacent in (eV), and (Te)is the electron temperature 

in(K°). The fulfillment of this criterion is important for 

local thermodynamic equilibrium (LTE) to occur in a 

plasma.  
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However, it is only a necessary condition and is usually 

met during the early stages of the plasma's existence 

[17]. The plasma temperature was determined by 

Equation (2), which is the Saha-Boltzmann (Te) 

equation and the electron density by fitting lines using 

McWhirter criteria which is Equation (4), as listed in 

Table 2. 

Quantifying elemental composition 

For a variety of applications in analytical chemistry, 

from environmental monitoring to biological research, 

knowing a sample's elemental composition is crucial. In 

this paper, we propose a thorough method for 

calculating and examining sample elemental 

composition. We want to reveal the complex elemental 

composition of the tested samples using cutting-edge 

spectroscopic methods and mathematical models. 

After determining the electron temperature (T), 

Equation (4) can be used to calculate the number density 

(ne) of all the elements detected in the spectrum through 

their spectral lines. This study focuses specifically on 

neutral atomic species and single ionized species since 

they are the ones observed within the analyzed spectral 

range. To determine the concentration of each species 

(Cs), their individual contributions are summed together 

as the following. 

Cs =
𝑛𝑒

∑ 𝑛𝑖
𝑛
𝑖

      ……………… (4) 

Sample No. Te(K)ave Ne (cm-3)ave Concentration % 

S 1 3932.542 2.18705E+15 2.86E-01 

S 2 4008.433 2.25566E+15 2.94E-01 

S 3 3927.328 1.94111E+15 2.64E-01 

Table 2: Plasma parameters for the same spectral line in different 
samples. 

Discussion 

The spectral lines of samples are very important to 

obtain the important data required to determine atomic 

constants. The plasma temperature and electron density 

can then be calculated using these constants and the 

characteristic iron lines. Tables 1 provide a list of atomic 

spectroscopic parameters for neutral iron lines relevant 

to this study. Researchers can learn more about the 

atomic properties of the iron species present  

 

 

 

 

 

 

 

 

 

 

 

 

by analyzing the emitted spectra, which in turn can help 

them better understand underlying physiological or 

pathological processes. Traces of iron present in the 

serum of infected people appear as emission spectra in 

Figure 2 (A,C). These people likely have certain diseases 

or conditions that affect how their bodies use iron. The 

spectral lines emitted by iron species are indicated by 

the exact wavelengths shown in this figure, which 

enable the calculation of atomic constants. Figure (B)2 

shows the emission spectra of iron traces in the serum 

of healthy people. The spectra shown in this figure 

provide a way to examine and understand how these 

factors affect the emission properties of iron species. 

The scientific framework for analyzing the spectra 

emitted from traces of iron in the serum of infected, 

healthy, and non-infected people is explained in the 

attached figures and tables. These results support 

calculations of atomic constants, understanding the 

atomic properties of the iron species present, and 

determining plasma temperature and electron density. 

Through these Table 1, researchers can detect changes 

in energy levels, transition probabilities, line densities, 

and wavelengths of spectral lines emitted by Fe I and Fe 

II in different samples. These differences could enhance 

our understanding of the underlying mechanisms in 

affected individuals by shedding light on how infections 

or other conditions modify the atomic properties of iron 

species. 

The percentages representing the concentrations of 

various elements or compounds within each sample 

show their relative abundance. The relative abundance 

of the particular element or compound of interest in 

Sample 1 is estimated to base on the concentration 

percentage of 28.6% [18]. 

Sample 2 had a marginally higher concentration 

percentage of 29.4% than the healthy sample, indicating 

a marginally higher abundance of the element or 

compound. This can imply that the contaminated 

sample's composition has changed, or that certain 

chemicals are present [2]. Sample3 concentration is 

26.4%, which is marginally lower than Samples 1 and 2 

concentration percentages. This suggests that the 

element or compound is substantially less abundant in 

the damaged sample as compared to the other two 

samples [1]. Understanding the relative distribution and 

Eu (cm-1) El (cm-1) gkUp Aki(s-1) I( a.u) 

S1 

λ(nm) LIBS 

S1 

I( a.u)  

S2 

λ(nm) LIBS 

S2 

I( a.u) 

S3 

λ(nm) LIBS 

S 

Ion 

 

34039.51 7728.060 9 7.31e+06 0.071 379.979 0.07242 379.979 0.06174 379.979 Fe I 

46888.51 17550.18 5 1.88e+06 0.0757 340.760 0.07721 340.760 0.07432 340.760 Fe I 

34547.21 7985.785 5 5.44e+07 0.0833 376.336 0.08497 376.336 0.07537 376.336 Fe I 

50613.98 24574.65 9 2.35e+07 0.02515 383.958 0.02565 383.958 -------- ------- Fe I 

29469.02 888.132 5 3.08e+06 0.0593 349.793 0.06049 349.793 349.793 349.793 Fe I 

6 928.268  25899.98 9 1.27e+06 0.25378 526.941 0.25886 526.941 526.941 526.941 Fe I 

31322.613 12560.934 7 4.74e+05 0.02696 532.851 0.0275 532.851 ------- ------- Fe I 

31686.351 12968.554 5 5.21e+05 0.02663 534.127 0.02716 534.127 534.127 534.127 Fe I 

52431.44 23 783.6 13 7.47e+06 0.0935 348.9215 0.09537 348.9215 348.9215 348.9215 Fe I 

47389.809 31387.9788 4 1.6e+05 0.04669 624.758 0.04762 624.758 624.758 624.758 Fe II 

50423.137 19 350.891 9 1.50e+07 0.08343 321.6238 0.0851 321.6238 ----- ------ Fe I 

Table 1: Spectroscopic Parameters of the Lines Emission of Fe I &Fe II for the samples. 
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changes in particular elements or compounds among 

the samples can be gained by analyzing the 

concentration percentages. These variances may reflect 

variations in the samples' elemental composition, 

chemical processes, or environmental influences. It is 

crucial to remember that the interpretation of 

concentration percentages should take into account 

additional pertinent information and analysis, such as 

the plasma parameters covered in Table 2. Together, 

these tables help to provide a thorough overview of the 

features of the samples and any potential ramifications 

of the observed variances. 

The plasma parameters for the same spectral line are 

shown in Table 2 for three separate samples, giving 

important details about the thermal and electrical 

characteristics of the plasma. With an average electron 

temperature (Te) of 3932.542 K and an average electron 

density (ne) of 2.18705E+15 cm-3, the healthy sample 

(Sample 1) displays the fundamental properties of a 

normal plasma. 

The slightly rises to 4008.433 K in the infected sample 

(Sample 2), indicating a higher thermal energy than in 

the healthy sample. Additionally, the ne rises to 

2.25566E+15 cm-3, indicating a larger concentration of 

free electrons, perhaps as a result of the addition of more 

charged particles to the plasma. 

In contrast, Sample 3 (the damaged sample) exhibits a 

somewhat lower Te of 3927.328 K than the unaffected 

sample. Since the ne in this sample is 1.94111E+15 cm-3, 

there are probably less free electrons present. These 

changes in Te and ne can be a result of factors affecting 

the sample, such illness, or other environmental 

circumstances. Te is the average kinetic energy of the 

electrons in the plasma, and it gives information on the 

sample's thermal state. ne, on the other hand, reflects 

the concentration or density of free electrons per unit 

volume and is essential for comprehending the electrical 

behavior of the plasma. Researchers can gauge changes 

in the plasma conditions by comparing the plasma 

parameters between the various samples and detecting 

differences in thermal energy and electron density. 

These discoveries are crucial for understanding plasma 

physics, diagnosing problems, and using plasma 

technology in a variety of disciplines like material 

science, astronomy, and fusion research. The 

comprehension of the physical and chemical processes 

taking place inside the samples is made easier by 

understanding the plasma properties. This knowledge 

can aid in the development of diagnostic methods and 

treatment plans for disorders affecting the impacted 

sample, as well as developments in plasma-based 

technology. Overall, the plasma parameters shown in 

Table 2 provides helpful information about the features 

and behavior of the plasma in various samples, opening 

up possibilities for more study and applications. 

In conclusion, the use of laser-induced breakdown 

spectroscopy (LIBS) appears to be a promising technique 

for diagnosing renal failure in iron -deficient patients. 

The study showed that the level of iron concentration in 

blood samples of healthy individuals was more 

concentrated than that of infected individuals and those 

suffering from iron deficiency were significantly 

different. LIBS technology was able to accurately 

measure levels in blood samples, which can be used as a 

diagnostic tool for kidney failure. More studies are 

needed to confirm these findings and explore the 

potential of LIBS for the diagnosis and monitoring of 

other diseases. 
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