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Application of Laser-Induced Breakdown Atomic Spectroscopy in Soil Analysis
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Abstract: Soil analysis is the tool for understanding the soil. However, the conventional chemical analysis methods have been
difficult to meet the requirements of mass information deprived from modern soil science. Laser-induced breakdown spectroscopy
(LIBS) is one of the novel tools which reflects the elements atomic peaks in the soil with the advantages of less pre-processing,
rapid, in situ, real-time and multielement monitoring. Moreover, each spectrum was recognized as a fingerprint of soil sample due
to its unique characteristic. The current study aimed to provide a critical review of LIBS in soil analytical studies. Firstly, the
principle of LIBS, the main factors in spectral recording and the chemometrics methods for spectra processing were introduced;

then the applications in qualitative and quantitative soil analysis during the last decade were elaborated. Some of the soil analysis
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recorded with LIBS include soil identification, prediction of soil nutrients; soil heavy elements detection, and soil elements
distribution studies at nano- and mesoscale. Lastly, the main challenges of the LIBS techniques in soil analysis were discussed
and we highlighted the prospects and application of LIBS in future research.

Key words: Soil analysis; Laser induced breakdown spectroscopy (LIBS); Chemomtrics; Soil identification; Soil elements
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T HEE N EAR , R TR o Aeronautics and Space Administration, NASA ) X
BRIV, (R - 458 ot ) N2 iy A E 5 ) LIBS FARNE N KB 3R M P11k AHPL( ChemCam )
R, JFJ 3850 Hr i o, SRECEIEE B, Xl g W5 BT B, SEB T kR R I BRI, il
PHAIPA UK B 2R o H2 RISl 2 LIBS £ AR A,

Z%, SR, Ane R R IEE B, MR AE AL & WFIE AW A, LIBS $ A TE 454508 14 1
S BT VR ARG ) R A% G+ S 3 A v AT RIT, MHRSCEILF 280K (Bl 1a), 78
EHET IR E R, BAREtELr . RS T B AR T (K 1b), SOH A +
SR, XL R RIS E BRI T ) SCHE BT EOR o 2005 AELIRT, WG — 28 [E o EOR B
e JBAE A 5 B 1 R H6 TS (inductively coupled GERE 5 FREALE A 5855 B 5 1 A A9 50 R0 0 S 20 4
plasma atomic emission spectrometry, ICP-AES ), H Mo, Bl EZR LIBS HAR MR LB A PR A e
TR A S5 F B ( inductively coupled plasma optical DL R g BHAIA R AR 128 SRl T 27 R R
mass spectrometry, ICP-MS ), JFEFIRIKOGTE (atomic LIBS SCHREE A 2008 4FLLS & TR & 6.
absorption spectrometry, AAS) %5 M fH )

BESLRTAR B A e . Rz EEMen 1 HOGESE A

(3 1); HJETHIAET, PR R s T

YRR B A A5, ToEE S A R Y 1.1 LIBS i REE

SPRE A LIBS $ A i O % A i m BESOG bk ol , I3

A G EF AR A T E Amrhb 3 . o, FETERF DA SO R T, SRk BOG YRR K TREAC Y
B MBS, BN IR EARIRAETT A R, SRS R A TR, A R
B HOLIAE S SO (laser-induced breakdown BT, T RBe T MBOLIESE IR, FE
spectroscopy, LIBS) J&—FiJE T i+ & 56iE, LA FURRE R U, 77 AR SR T K OR[R) T R 1Yy
BOCHE R R ETIR, SRS THOCR I 2 TR FEEFRMGE S F5 P04 N, 6
TS F R . %R H Brech I Cross™'7E oF 3 AT T A A R B AR BT AR ST R F BT
1962 AEE KR ; 2012 4, SEEF M)A (National fifE, SEIAFINREAS 9 MR o i (1B 2),

R ORI SHAE S AT R

Table 1 Comparison of traditional spectroscopic techniques with laser-induced breakdown spectroscopy

ik o it A ZICRNT ] DK 1] K g BEAES
Technique Sample preparation  Multi-element analysis Sample damage Testing time Accuracy Portability Sample state
ICP-AES GRS A [e) e PN JLoy g~ JL/N = ) s
ICP-MS GRS A [e) e PN JLoy g~ JL/N = ) s
AAS RS ZNGinGiling x JLG3 4~ J L/ [ Anp WS
LIBS N A ] i /I L~ JL+Fb S Af BLLEES

[F: ICP-AES, MUBHIGEE TRIPLE; ICP-MS, MEBMESE T ; AAS, FTWIOLHE; LIBS, #Otil gk,
Note: ICP-AES, inductively coupled plasma atomic emission spectrometry, ICP-MS, inductively coupled plasma optical mass spectrometry,

AAS, atomic absorption spectrometry, LIBS, laser-induced breakdown spectroscopy.
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spectroscopy” and “soil” . Note: Data from the web of science [All database], the keywords are: a “laser-induced breakdown spectroscopy” ;

b “laser-induced breakdown spectroscopy” and “soil” .

Bl 1 2000-2020 “ERIEOGTE S 2 IEHR (a) FIEJEHT 0L S 2565 R (b)) BB SCR RN
Fig. 1 Published papers about LIBS technique (a) and LIBS in soil analysis (b) between 2000 and 2020
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Fig.2 Setup of a typical LIBS system

LIBS HiAR M FZ P (1) AR T
JEfL . SEEF . EEELOTRERN; (2) HALHE
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T WR . SARFEARS T T T (3) W (A
B, NG o & S 305 S IR A R A i R AN 22
PO IE] s (4) —ZR i o fir A nl A iR i oo R
FHIEF S, ATSCBlZ e KRR ; (5) 2% LIBS
FAR B 725, HBOE bkl i o 28G5 AU be ik
JE TR OR R, il T S5, T ARRIR
JE bt AT R R R T AL
Gy A FEAE B AL 7T ).

1.2 LIBS H#iZiR |

LIBS == %2 2 Hy A6 I 31 1) 70 3 Pl & 5 1 Dl 3%
. —RETHZRKE TIRLA. B3 mieR
Hi X BRI KRS AR AR LIBS Otk . g
B E S, T ERICR WK EE, LIBS £
BREMNAF TR & 2w L T
IO RO | A AR R TR E RS, LIBS 4N
W E S R F OGS EE # ( National Institute of
Standards and Technology ( NIST ) atomic spectra

database lines form ).
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Fig. 3 The LIBS spectra of paddy soil in eastern China
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W HA T RS FEHEBPMEFLS: 1 C +
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C,+0,— 2C-0 %) LIBS M4r o (s S E N
FRIDGEMEEE B2 —, HIE Bk FRE 2
R TG INE 24,

2 HOGE SO

2.1 LIBS ME N E =

2.1.1 RGEHE LIBS RAEMFOLAS | g . W
Ko Bk, ZEIR RS S0 (G S K. Peng S
38T 1 064 nm F1 532 nm %K FAY LIBS 15
S, RI532 nm IS S5 R B R L O
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W ARHL . Y VRAY AR AR S5 A BRI T
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FURAIREEY L, 51# LIBS {55284k |

214 HEEHZE  HEARFANSEIE SRS
BT REIPER . o AR LR S i R, B
i LIBS f5 %5 . W WAKRAEAER . TR . a5,
ARV EZ S, Tdris 1 BF9E L BRR (C) BT
LAREAE 2.6 kPa AAME TR ST 0.5kPa &
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BT T LIBS FAR M L IEREA i i 5 140 AT . i
Pt 200~300 nm i Bt AT iR/ I RIERIR,
AT AR (1R2% 3.1~3.7gkg!', LACit, T
). MR (IR 53~6.2 gkg') FAHLK (%
% 6.0~7.0gke ") FHEPY; WA, fgit—
AR C RYTIIRZE (32%~55%) ", BT C Y
FRIETELR , SMMICHLER & B IR 545 (AL, 2k (Fe ).
B (Ti). 85 (Ca) SFICRFHIEIEZ A B M AE G
P AULRE B S (Mg) 3G B ARG,
Wit Mg/ Ca HAE (0.148 F1 0.263), AJ4y5HEe
TCHURRFNA MUBR & 5 HH T 76 C 247.86 nm 52k
BHIER A £ 5% Fe MAREISL, OGS RN
B, ATkt C W42 3 Fe iS4 T0, @
W C FEPEM Ma E P AR C 5 Fe &
A IR A /N T IR, AR T T,
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#2 LIBS HASH. nHHEIELREERE

Table 2 Laser parameters, element line locations and models of LIBS

TR Bt AET FHIETS 2R ] 278 3k
Element Laser parameter Energy/mJ Location/ nm Model Reference
C Nd: YAG 1064 nm 80 247.80 PLSR [26]

Nd: YAG 1064 nm 50 247.86 LR [13]
343.72,391.90,395.59 399.50,403.51,444.70,
N Nd: YAG 1 064 nm 18~150 460.15, 460.72, 461.39, 462.14, 463.05, LR [27]
464.05, 566.66, 567.60, 742.36, 744.23
Nd: YAG 266 nm 23 498.20, 498.90, 499.90, 500.60, 501.60 LR [28]
Nd: YAG 1 064 nm 100~200 567.96, 744.23, 746.83 LR [21]

399.50, 444.70, 463.05, 496.40, 567.48,
Nd: YAG 532 nm 15 ML [29]
742.36, 822.31, 843.87

Nd: YAG 1 064 nm 50 742.40, 744.20, 746.80 LpP [30]
P Nd: YAG 1 064 nm 50 253.40, 253.60, 255.30, 255.50 LpP [30]
Nd: YAG 1 064 nm 0.15 212.09, 217.20, 213.60, 214.90, 215.40 PLSR [31]
O Nd: YAG 532 nm 115 655.46, 656.51, 657.11 PLSR [32]
Si Nd: YAG 1 064 nm 100 212.40, 220.80, 211.10, 211.70 ML [33]
Nd: YAG 1 064 nm 3~76 221.08 CF-LIBS [25]
Nd: YAG 266 nm 20~25 288.16 PCA [34]
Nd: YAG 532 nm 80 390.55 SVM [35]
S Nd: YAG 266 nm 20~25 180.67 PCA [34]
Fe Nd: YAG 266 nm 20~25 259.94 PCA [34]
Nd: YAG 1 064 nm 50 305.89 PLSR [36]
Ca Nd: YAG 266 nm 20~25 422.67 PCA [34]
Nd: YAG 1 064 nm 3~76 455.60 CF-LIBS [25]
Nd: YAG 532 nm 80 393.66 SVM [35]
Al Nd: YAG 266 nm 20~25 396.15 PCA [34]
Nd: YAG 532 nm 80 394.40 SVM [35]
K Nd: YAG 532 nm 80 766.49 SVM [35]
Na Nd: YAG 532 nm 80 588.99 SVM [35]
Nd: YAG 1 064 nm 50 228.42 PLSR [36]
Zn Nd: YAG 1 064 nm 80 481.05 KI [37]
Nd: YAG 1 064 nm 3~76 206.20 CF-LIBS [25]

TE: PLSR: figfe/h —3€[MIA; LR: ZPEMIT; ML: £ou&ktEma; PCA: TN LP: J3E2%HG; Kl s &l
CF-LIBS: HHE#r; SVM: ¥ FrmmHl. Note: PLSR: partial least squares regression; LR: linear regression model; ML: multivariate
linear calibration; PCA: principal component analysis; LP: Lorentz profile; KI: kriging interpolation; CF-LIBS: calibration free-LIBS;

SVM: support vector machine.
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) C-N FRIEREZ, HORES N & 8484
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A N RRRAE 2 n] 0 3 P AN S A (NO, ) i
(R*=0.925 4 ) Dequarie 2585 T 3R + BT 5T
A T KR A A C(723 nm )FT N( 500.5 nm )
PGSR S 25 R R NAF 54 C 155 mi i 3 R AL
323 +HEEE (P) ST LR R (T 25 N 2 S
HTESAMGIEIE Fl, (HAFTE Fe 354 TR, Pt
P i 5E 4/ Lu AP # P 7 255.5 nm Kb BY4EAE
WeLk, W TRETII A @RI, HEIT AR T
I ( R*=0.868 ); Sanchez-Esteva %0 i 55 4+
T B TR B 213.6, 214.9 F1 215.4 nm
SRR TR LR, IF S L04MGE (600~700 nm ) AHZS
A, WESHEmER (%2 584 mgkg '),
3.2.4  HIEH (K) BT 2 Y LR E T LA
404.72. 518.36. 766.49 Fl 769.90 nm kb, Hrh
766.49 Fl 769.90 nm AhiELEHHRY, A EM
ERBR, FHE K S RIERHRE 9 mgkg P,
325 HEPHMEITCE 8 (Ca), B (Mg)., &
(Fe) Ml (Mn) SF0RMFHEIGLR KL, HAFETE
ERESETI, @A EA AR, 1T
SEPR 22 0 Z [R5 (AR Mg 51 mg-kg ' Ca 80
mg-kg ' Fe 70 mg-kg ' . Mn 37 mg-kg ' )** 1, Gazeli
ABUR S (S) 7 180.7. 182.1. 182.6. 921.3,
922.8, 923.8 nm Ak F4FAE LR [ AR,
MR 2.0%~4.2%,

32,6 +HHEELEGREY LIBS #AX & 4R
TR M E M BT R R R LA L, Tz N
FAT SRR FR B Senesi 25y T HIE K

Cr(R*=09841), il (Cu)(R*=0.978 1), 4} (Pb)
(R*=0.944 8) (EmAMITHAL, S+ E 4R
AIINE o Yi AP SRR A R AR T
e 3P AR (Cd) s (Pb) FRPT (K
BR324 0.667 mgkg ' F1 0.094 mg-kg ' ). LIBS %
ARG BB AR ZE A T e 3] (Cu) FIAR
(Ag) Y& (KRIMFR 30 mgkg " F123.3 mgkg ' )P,
HHOCHERIOCHE AR S S A 8% (Cr). B
(Ni),Cu I Z (KR 2.5 mgkg'. 6.8 mgkg ' Al
3.3 mgkg ") P, Bousquet ST & T AR B 4
SIBIELKM RS, RAENDCIEE TR | b
TETAN BT R, AN T A2 AR, ] ZE 2R
JCE T I TS YL S BTN OGRS S5O
Rk, BE R PR s LIBS ¥4, SEM T 4 Cu
Pb Ml (IREMT 12%) P,
33 EESEESTHE

TR AN, TR A SR,
DR e - 438 S o A AR RIME . IR OG-
RSO G A T PR L Tl SR
LRI AR SR NFR EE e (5 B (Bl 4). B
SEIE 8 YA BT AR IBOT OIS ARAE, R T E =40
FraRBOT R & aE R, Sl R A 2 il 5 454
FTAE, BARKAOLEFN) R 4 W 25 1]

Chirinos W55 T & #+h Ca FI%E (Si) J6HE
FE 1 mm® WYL H A B AR AR S ) oA, B
WU . Senesi ZEUIN I i 47 K A b E TR N
Mn, Fe. #1 (Na), #8 (Sr) ZFay 8284k, Iy
WA R . Ma VR EEEE A HRAE 150 pm, B
YGE I LIBS DGHER AR MW EE EoE5E T 3hmm
by AR A SR, KK, Ca. Nafl
Mg TR & 5 AU i 2 —E E (ES),
FREE AL ANGTE B — i SR, s Eh i 1Y
K. Na, Ca fil Mg H-AE2KIE T+ Y, £
I3 KR T AL 5 it

4 WOCTE Sl LR TG 9 B
SRR

LIBS $iARAE R —F A H R, 7F H 3w v
5o h o R ), 2B T AT
Xof M B UGRY, EIER B, LIBS £ AR L
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H: E4b) FRIET 1~27 SR AR5 A OB MUBT . Note: the numbers from 1 to 27 in Fig. 4 b ) represent the order of laser
ablation spots by ablating process.

K4 WO RATE S HIREA R R G RERE f e pliod

Fig. 4 Laser ablation process at different spots and depths on a soil pellet
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