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Laser Induced Breakdown Spectroscopy (LIBS) has been introduced as a type of analytical equipment to
determine elements on the surface of various materials. In this study, standard and sample soils were molded
to make a pellet for LIBS analysis. The soils were also digested with acids for ICP analysis. Accuracies ranging
between 86.5% and 119.9%, an RSD of 12.3%, an LOD of 6.09 mg/kg, and an LOQ 19.41 mg/kg resulted
from the analysis of copper in soils using LIBS. Correlations (R?) of LIBS with ICP-aqua regia digestion and
with ICP-total digestion analysis concentrations were over 0.96 for 28 samples. The total analytical time for
the LIBS method was 385 min, which was 43.4% shorter than for the ICP-OES method (680 min). For the
analysis of copper in soils, LIBS can be used for on-site detection without chemical preparation.
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Fig. 1. The system of Laser-Induced Breakdown Spectroscopy (1: laser controller, 2: power supply, 3: delay time
generator, 4: laser generator, 5: soil sample and optics, 6: spectroscopy, 7: detector, 8: data module computer, 9:

spectroscopy thermostat).
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Table 1. Specifications of LIBS parts (pulsed laser, spectrometer, and optical detector)

Parts Specification Analysis condition
Pulse repetition rate 2 Hz* (~3)
Output energy > 75 mJ
IEESS:S Pulse width 5.9 nsec
Beam diameter 4.0 mm (w) x 3.5 mm (1)
(LQ115) .
Stability +4.5
Divergence / Jitter 3 mrad / 3.5 nsec
Optical Design Crossed Czerny-Turner
Focal Length / Aperture Ratio 750mm / f / 4.0
Port - Entrance / Exit Front / Side
Available Wavelength Range 185 nm (UV) to Far IR
Pixel Resolution 0.01253 nm
Spectrometer Dispersion 4.0 nm/mm
(Mmac 750) Accuracy / Repeatability +0.2 nm / £0.04 nm
Spectral coverage (25mm) 95 nm
Optical Coating High efficiency Al + MgF, (gratings and mirrors)
Scanning Mechanism Direct digital scanning System
Grating Turret / Size Two Gratings / 50 mm x 50 mm
Available Slit Width 0~5 mm ( 10 um resolution )
Sensor options Back Illuminated CCD, VIS optimized with anti-fringing (BVF)
Active pixels / Pixel size 1024 x 255 / 26 um x 26 um
Image area 26.6 x 6.6 mm (100% fill factor)
Max spectra per second 88 (10 rows crop mode), 75 (Full Yerticgl Bin),
. 65 (Open Electrode, Full Vertical Bin)
Optical Dark current (@ max cooling) 0.0014 e-/pixel/sec
Detector .
(DV420A) Read noise (e-) 33 kHz
OE: Type (Max) 4 (6)
Sensitivity (e-/count) 33 kHz
Digitization / Exposure time 16 bit / 10,000 usec
Signal to noise ratio 0.0167
Pixel resolution 0.01253 nm
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Fig. 3. DOLIBS analysis window with spectrum in soil sample by LIBS with Mmac 750 spectrometer (Copper peak; 327.4

nm).
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Table 2. The analysis values of the standard samples for LIBS and ICP-aqua regia digestion
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Artificial standard LIBS ICP with aqua regia
level (mg/kg) Intensity ~ Std. dev. Concentration Accuracy ICP concentration ICP accuracy

30 1.2931 0.2316 35.97 119.9% 34.4 114.7%
50 1.671 0.0965 47.93 95.9% 51.2 102.4%
100 3.4346 0.4202 103.78 103.8% 98.9 98.9%
200 6.3875 0.7107 222.03 111.0% 2449 122.4%
300 6.8921 0.3024 259.41 86.5% 305.9 102.0%
500 10.5113 0.5733 527.53 105.5% 506.9 101.4%
1,000 16.7679 0.719 991.04 99.1% 993.9 99.4%

% Accuracy(%) = analytic average concentration / standard concentration x 100
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Table 3. LIBS analytical QA/QC results of lowest copper standard soil (n=7)

Sample name Intensity LIBS conc. (mg/kg)
QA/QC -1 0.6989 17.15
QA/QC - 2 0.6029 14.11
QA/QC - 3 0.6249 14.81
QA/QC - 4 0.7014 17.23
QA/QC -5 0.7269 18.04
QA/QC - 6 0.5601 12.75
QA/QC -7 0.6811 16.59

Average - 15.81
Standard deviation (Stdev) - 1.94
QA/QC List Equation Value
%RSD =Stdev/mean*100 12.3%
Method detection limit (LOD) =Stdev*3.14 6.09 mg/kg
Detection limit (LOQ) =Stdev*10 19.41 mg/kg

¥ RSD(%) = standard deviation / analytic average concentration x 100
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Fig. 6. Copper concentrations in the unknown 28 soil samples were measured by various analytic methods.
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Fig. 7. Comparison of LIBS with ICP-aqua regia and with ICP-total digestion for 28 soil samples.
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Table 4. Total time required for ICP and LIBS analysis procedures for 10 copper-contaminated soil samples (The time
for soil sampling and transfer to laboratory was not included)

ICP - aqua regia digestion LIBS
Time Time
Step Procedure (min) Step Procedure (min)
Oven drying 120 Oven drying 120
Soil preparation Sieve 100 Soil preparation Sieve 100
Acid digestion with filtering 240 prep Measure specific gravity 30
Standard and rinse preparation 40 Pellet molding 30
A . Warmup 60 Warmup 20
qua regia | Sample analysis 30 Pellet Sample analysis 75
sample analysis . .
Washing 30 sample analysis .
. Data evaluation 10
Data evaluation 10
ICP Total times 630 LIBS Total times 385
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