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Fig.1 Structural model of bituminous coal™"”
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Fig.2 The LIBS experimental setup for Hg flue gas'™"
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Fig.3 The LIBS experimental setup
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AlAE LIBS Sl 1 42 5] AD FEAS F HC HEAS B S 19 25 5, R AL 25 2 2 5300 % 6 3 B 80 5 47 43 B vl LA X
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Table 1 Literature on LIBS detection of cancer in recent five years

Types Samples Substrate Methods Accruacy References
. A high purity Sensitivity=71.4%,
Ovarian cancer ~ Blood plasma ) BPNN o [49]
graphite plate specificity=86.5%
. PVDF
Ovarian cancer Blood plasma LDA, RF ACC>79.6% [50]
substrate
) PCA, LDA, ACC>99.7% , sensitivity >>0.996, ~
Lymphoma Blood Filter paper o [52]
KNN specificity =>0.997
. PCA, LDA, AUC = 0.990, sensitivity = 0.970, -
Lymphoma Serum Filter paper o [51]
QDA, KNN specificity = 0.956
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gk
Types Samples Substrate Methods Accruacy References
Multiple i PCA, LDA, AUC = 0.986, sensitivity = 0.892, ~
Serum Filter paper . [51]
myeloma QDA , KNN spectficity = 0.994
Boric acid KNN, LDA,
Blood cancer Serum ACC>94.33% [53]
substrate RSM-LDA
Tissues: sensitivity=96.7 %,
Homogenized specificity=99.7 % _
Melanoma ) — PCA, LDA o [54]
pellets, tissues pellets: sensitivity=96.7%,
specificity=99.7 %
Blood, tissue PVDF,Cu,Al, LDA, FDA, o
Melanoma ) ACC=96% [55]
homogenates Si SVM, GB
Blood, tissue Paraffin— ANN, LDA, QDA, -
Melanoma ACC=100% [56]
homogenates embedded PLS-DA
Fresh glioma Paraffin—
Glioma samples, border embedded and SVM, KNN ACC=95% [57]
infiltrated tissues fresh tissue
) Brain tumor Paraffin— MFES, SNN, ANN,
Brain tumor ; ACC=88.62% [58]
tissue embedded KNN, SVM
Nasopharyngeal Boric acid ACC=98.33%, sensitivity= _
, Serum KNN, ELM, RF o [59]
carcinoma substrate 99.02% , specificity =97.75%
Normal tissue, )
) ) Paraffin—
Cervical cancer  cervical cancer PCA, SVM ACC= 94.44% [60]
embedded
samples
Lung tumor o
) o PCA, RF, ACC=98.9%, sensitivity=99.3%,
Lung cancer  tissue, boundary Liquid nitrogen o [61]
SVM, BT specificity=98.6 %

tissue
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Fig.6 Multi-elemental image in a lymph node""”’
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Fig.7 LIBS multi-elemental imaging combined with histopathological analysis"*
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Abstract: Laser-Induced Breakdown Spectroscopy (LIBS) shows its application prospects in coal
detection, metallurgical analysis, biomedicine detection, water quality detection, and other fields because
of its advantages of simple sample preparation, fast, in situ, remote, and all-element synchronous
analysis. Therefore, it is known as the “future superstar” of analytical chemistry. With the efforts of
researchers around the world, LIBS has developed rapidly in various fields, and significant research results
have been obtained, which accelerates its commercialization process. Therefore, we focus on the research
progress of LIBS in the past five years in the four fields of coal detection, metallurgical analysis,
biomedicine detection, and water quality detection.

In terms of coal detection, coal is the cornerstone of the energy system. But pollutants such as soot,
sulfur dioxide, and nitrogen oxide emitted by coal combustion have caused great harm to our ecological
environment. Therefore, researchers have conducted a series of explorations on the coal's detection,
greatly improving the quantitative accuracy and detection sensitivity of LIBS. However, the poor industrial
environment can interfere with the accuracy of LLIBS analysis results. Therefore, to accurately and stably
detect the state of coal combustion and timely guide the process of coal combustion, the research and
application of the LIBS online instrument will become the development focus in the field of coal detection.

In the aspect of metallurgical analysis, metallurgical technology has improved the national economic
development level. But the disadvantages of the traditional metallurgical industry are gradually revealed.
Therefore, using LIBS technology to select the good quality of raw materials and realize real-time
monitoring 1s of great significance to reduce environmental pollution. Therefore, we summarized the
research status of LIBS metallurgy from these aspects. However, due to the influence of various factors,
such as device performance and working conditions, the application of LIBS in the field of metallurgy still
faces many challenges. With the development of LIBS and the improvement of optical instrument
performances, it will play a huge role in energy saving and emission reduction in the metallurgical industry
in the future.

In the field of biomedicine detection, as a mature analytical technology, LIBS is playing an
increasingly important role in biomedical research. Compared with traditional medical diagnostic
technology, biomedical detection based on LLIBS has unique advantages such as real-time, rapid, and low
cost. But these research results lack the physiological and pathological explanation between the changes in
elements and diseases. Therefore, it is necessary to combine LIBS with machine learning and pathology.
Similarly, practical biological detection equipment will be the next stage of the future development of LIBS.

In water quality testing, with the improvement of urbanization and industrialization, wastewater
aggravates the heavy metal pollution in water bodies and even seriously harms human health. Therefore,
effective and accurate detection of element content in water is the top priority of water pollution control. At
present, researchers have proposed a variety of indirect water quality detection methods, which make it
possible to detect water element content quickly, efficiently, and stably. However, the field of LIBS water
quality detection is still in the laboratory research stage, and the application of LIBS equipment in direct
field detection is rarely reported. Therefore, the establishment of a warning system for heavy metal
pollution will become the research focus in the future.

In summary, although LIBS has made rapid progress in the above four fields, there are still problems
such as poor long—term repeatability, poor quantitative accuracy, and low sensitivity in instrumentalization.
With the progress of technology, researchers have gradually shifted their research objectives from scientific
problems to applications and promoted LIBS to online monitoring.

Key words: Laser-induecd breakdown spectroscopy; Coal detection; Metallurgical analysis; biomedicine
detection; Water quality detection
OCIS Codes: 300.2140; 300.6210; 300.6365

Foundation item : Hunan Provincial Water Conservancy Science and Technology Project (No. XSKJ2021000-32)

0352104-14



	1.1　煤质元素定量检测
	1.2　煤质质量指标预测
	1.3　与其他技术联用
	2.1　矿浆品质筛选
	2.2　熔融金属LIBS检测
	3.1　疾病诊断
	3.2　生物组织LIBS元素成像
	3.3　生物医学LIBS仪器
	4.1　水体样品预处理
	4.2　实验手段辅助

