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Abstract Calibration—free laser induced breakdown spectroscopy (CF-LIBS) requires that the elements be
normalized, various elements are involved in calculation. However, the spectral line of microelements in the soil
is weak, and it is difficult to draw the Saha—Boltzmann plot. The element particle ratio method is used to calibrate
the concentration of Cr in soils from a variety of national standard samples as well as local acquisition. The
temperature of the plasma is calibrated from Saha—-Boltzmann equation and the electron density is determined from
the line width of Al I 309.284 nm. The assumption of the local thermal equilibrium (LTE) is validated by the
McWhirter criterion. The particle ratio of Cr and Si is calculated by Saha—Boltzmann plot and Saha equation. The
concentration of Cr can be calculated. The relative error for the national standard soil samples is less than 7%, and
is less than 16.438% for the field collected samples. The results indicate that the element particle ratio method can
be used in the concentration analysis of Cr in soils to improve performance of the LIBS technique in rapid detection
of soil element content.
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Fig.1 Schematic diagram of LIBS experimental setup
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Table 1 Element composition of the soil samples (mg/kg)

Sample Cd Cu Ni Cr Zn Fe Si0, /%
GBWO07410 0.09 23.2 27.6 66.0 72.8 32200 65.64
GBWO07411 28.2 65.4 24.2 59.6 3800 55790 47.96

1# 2.215 1230 34.15 98.94 191.5 39100 56.93
2# 4.454 495.8 24.53 86.78 231 32660 56.93
3# 0.8781 461 19.05 75.58 86.22 36080 56.93
44 3.801 458.8 37.31 89.16 317.6 40250 56.93
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Fig.2 Lorentzian fitting for Al line at 309.284 nm for the soil sample

1115002-3



S I S
R AR AL PR TR TR

Table 2 Plasma electron density in soil samples

Sample Electron density /em™ FWHM R
GBWO07410 2.277x10" 0.118 0.994
GBWO07411 2.408x10" 0.125 0.985

1# 2.253%10" 0.117 0.986
24 2.346x10" 0.121 0.992
3# 2.252x10" 0.117 0.993
4# 2.281x10" 0.128 0.989
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Fig.3 Saha—Boltzmann plots for elements Fe, Si and Cr in soil samples
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Table 3 Physical parameters for selected spectral lines

Element Wavelength /nm E; g Ay ls™
Crl 357.870 3.464 9 1.48%x10°
Crl 359.520 3.450 7 1.50x10"
Crl 425.435 2913 9 3.15%10’
Crl 427.481 2.900 7 3.07x10’
CrlI 282.237 8.160 16 2.3x10°
Crll 283.563 5.920 12 2.0x10°
Crll 284.325 5.855 8 9.2x10’
Sil 250.690 4.954 5 5.47x10
Sil 252.411 4.920 1 2.22x10°
Sil 252.851 4.930 3 9.04x10’
Sil 288.158 5.082 3 2.17x10°
Si Il 385.602 10.074 4 4.40x10’
Si Il 412.807 12.839 6 1.49x10°
Si 1l 413.089 12.839 8 1.74x10°
Fel 344.061 3.603 7 1.71x10’
Fel 357.010 4.386 11 6.76x10’
Fel 358.119 4.320 13 1.02x10*
Fel 363.146 4.371 9 5.17x10’
Fel 367.991 3.368 9 1.38%10°
Fel 371.993 3.332 11 1.62x10’
Fel 385.991 3.211 9 9.69x10°
Fel 388.628 3.241 7 5.29%x10°
Fel 404.581 4.549 9 8.62x10’
Fe Il 238.204 5.203 12 3.13x10°
Fell 239.563 5.222 10 2.59x10°
Fe Il 240.489 5.237 8 1.96x108
Fell 259.940 4.768 10 2.35x10°
Fell 273.955 5.511 8 2.21x10°
Fell 275.574 5.484 10 2.15x10°

4 ORI 2SR G R 3R OT R Y AF B T IR IR

Table 4 Plasma temperature for three elements in soil samples

Sample Fe temperature /K Cr temperature /K Si temperature /K Average/K
GBWO07410 5420 5042 6500 5654
GBWO07411 5483 5050 6650 5728

1# 5508 5047 6506 5687
24 5472 5020 6520 5671
3# 5450 5042 6552 5681
44 5327 5034 6517 5626
AL 558 R LTE RS2 AR 5 Me W hirter b5 #EF & 1, BI™
N.=1.6x10°T"AE} em™, (7)

AP AE, ARSI BE M B K BES 22, th T 5 R RE L 5 B T RE AT, BUH B K (H 6650 K, AE,
K Cu 1202434 nm, BE S 224 6.123 eV, IT B 25 R R, W 2 S & 7K LTE X 7 % F
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