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Abstract In order to decrease the limit of detection of elements and improve signal-to-background ratio (SBR) and
the stability of characteristic spectral lines of laser-induced breakdown spectroscopy (LIBS) of heavy metals in soil,
we study the polarization property of four characteristic discrete spectral lines of Fe, Pb, Ca, Mg elements and
continuous background radiation of LIBS in soil, and analyze the limit of detection, SBR and relative standard
deviation (RSD) of characteristic spectral lines of elements under the conditions of polarization and no-polarization.
The results indicate that the polarization degree of four characteristic spectral lines Fe [ : 404.581 nm, Pb [ :
405.780 nm, Ca | : 422.670 nm, Mg | : 518.361 nm and corresponding continuous background radiation are
0.27, 0.17, 0.25, 0.23 and 0.70, 0.64, 0.69, 0.67, respectively. The polarization resolved LIBS (PRLIBS)
technology makes RSD of four characteristic spectral lines Fe [ : 404.581 nm, Pb [ : 405.780 nm, Ca [ :
422.670 nm, Mg T : 518.361 nm decrease by 3.28%, 2.2%, 3.24% and 1.34%, respectively. Continuous
background radiation is effectively depressed by PRLIBS technology, and SBR of four characteristic spectral lines is
increased by 5.59, 5.67, 5.30, 7.35 times, respectively. Under the conditions of polarization and no-polarization,
the limits of detection of heavy metal Pb are 17.4 X107 % and 39.4 X 10~ %, respectively, limit of detection under
polarization is 44 % that of non-polarization. Above results provide data support for further improving quantitative
analysis ability of LIBS on heavy metal in soil.
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Table 2 Polarization degree of four characteristic spectral

lines and corresponding continuous background radiation

Characteristic Continuous
Polarization Polarization
spectral background
] degree o degree
line /nm radiation /nm
Fe I :404.581 0.27 403.5-404.0 0.70
Pb | : 405.780 0.17 405.0-405.4 0.64
Ca | . 422.670 0.25 421.0-421.4 0.69
Mg [ : 518.361 0.23 517.7-518.0 0.67
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Table 3 SBR of four characteristic spectral lines under the conditions of polarization and non-polarization
SBR
Condition
Fe | : 404.581 nm Pb [ : 405.780 nm Ca [ :422.670 nm Mg [ :518.361 nm

Polarization 3.28 3.88 9.33 2.62
Non-polarization 18.33 21.99 49.43 19.25
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Condition k Si /1076
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M4 ATAL AR A F T P oo 29k T RR A5
PAFBEAR . 29 TP 55440 T 19 44 %,

148 LIBS St o % 22 75 508 5 Fl T 2R AR AR 3
2R LA IR AR R 1 L O L% B2 75 5% 4 S 04 e AR B K
THE 4374k . PRLIBS # R 7%k 054 &
PEF SBRLFEML T AR T R IBE . 75+ E
4 )8 LIBS i & v, F) F PRLIBS #7 R fE 9% 4 %
] 3 LIBS 63 rp ) 3 2275 SR 9, v A —
FREE I 48 @ LIBS #£ A& Xt oo R & W 5 2 & 5 it
et

B R#MEZBMAARBREAEFBEMNBERELEEZRT,
PEAMHFERAELFERARAELERET B RHRE
B ARBEAFEMNERETE LR ETERRIELS
B s TREERFR T SR EREE,

2 % x Wt

[1] Gu Y H, Zhao N J, Ma M J, et al. Rapid
measurement of particle ratio in soil by laser induced
breakdown spectroscopy [ J]. Chinese Journal of
Lasers, 2015, 42(11): 1115002.

HHer, MR, BUE, & TR FIN L
W 4 B T R e 4 0 7 ik A g 0] DO,
2015, 42(11): 1115002.

[2] YiR X, Guo L B, Zou X H, et al. Background
removal in soil analysis using laser-induced
breakdown spectroscopy combined with standard
addition method[J]. Optics Express, 2016, 24(3):
2607-2618.

[3] FuX, Duan FJ, Huang T T, et al. A fast variable
selection method for quantitative analysis of soils
using laser-induced breakdown spectroscopy [ J].
Journal of Analytical Atomic Spectrometry, 2017, 32
(6): 1166-1176.

[4] Hu L, Zhao N J, Liu W Q, et al. Quantitative
analysis of Pb in water based on multivariate
calibration with LIBS[J]. Acta Optica Sinica, 2015,
35(6): 0630001.

AW, B R, XSO, & BT 2 IUROE KR P
JUE LIBS & 43 #1 [T]. JG2F24k, 2015, 35(6):
0630001.

[5] Zhu G Z, Guo L. B, Hao Z Q, et al. Detection of

0811001-5



th i

M

ot

(6]

[7]

(8]

(9]

[10]

[11]

[12]

metal element in water using laser-induced breakdown
spectroscopy assisted by nebulizer [J]. Acta Physica
Sinica, 2015, 64(2): 024212.

KOGIE, #EH, M3, 5. KEAMHIEOLER
R K IR = A Jm T R [T W s,
2015, 64(2): 024212.

Diaz Pace D M, Miguel R E, Di Rocco H O, et al.
Quantitative analysis of metals in waste foundry
sands by calibration free-laser induced breakdown
spectroscopy [ J]. Acta Part B:
Atomic Spectroscopy, 2017, 131: 58-65.

Gottlieb C, Millar S, Giinther T, et al. Revealing

Spectrochimica

hidden spectral information of chlorine and sulfer in
breakdown
L1
Spectrochimica Acta Part B: Atomic Spectroscopy,
2017, 132: 43-49.

Xin Y, Sun L X, Yang ZJ, et al. In-situ analysis of

data  of a mobile laser-induced

spectroscopy system using chemometrics

solid steel samples with remote double-pulse laser-

induced breakdown spectroscopy system [ J .
Spectroscopy and Spectral Analysis, 2016, 36 (7):
2255-2259.

FH, INETEF, BAER, FOET R UK
JevE R O R AT AR LA [T ik
556i% 0, 2016, 36(7): 2255-2259.

Zhou W D, Li K X, Shen Q M,

emission enhancement using laser ablation combined

et al. Optical
with fast pulse discharge[J]. Optics Express, 2010,
18(3): 2573-2578.

Wang Z, Feng J, Li L Z, et al. A non-linearized PLS
model based on multivariate dominant factor for laser
induced breakdown spectroscopy measurements [ J].
Journal of Analytical Atomic Spectrometry, 2011, 26
(11): 2175-2182.

Wang ] M, Yan H Y, Zheng P C, et al.
Quantitative detection of nutrient elements in soil
based on laser induced breakdown spectroscopy[J].
Chinese Journal of Lasers, 2017, 44(11): 1111002.
Fatly, B, AEE, 5. ATHOLHESTHFL
e R EFRITR M5 ] RO,
2017, 44(11): 1111002.

Yang W B, Li B C, Han Y L, et al. Quantitative

[13]

[14]

[15]

[16]

[17]

(18]

[19]

0811001-6

analysis of trace oxygen concentration in argon and

nitrogen  based on laser-induced  breakdown
spectroscopy[J]. Chinese Journal of Lasers, 2017,
44(10): 1011001.

WSOk, Ak, B, . BOLIE S d ik i
REEHSIERIMAPWREA T =], PEY
o, 2017, 44(10): 1011001.

ZhuY S, LiY, LuY, et al. Study on identification
method based on vector space model for geological
cuttings using laser-induced breakdown spectroscopy
[J]. Spectroscopy and Spectral Analysis, 2017, 37
(9): 2891-2895.

RTCAR, A, N, SF L E T s AR B S T
LIBS S i 43 26 R0 05 2: [T Obig 2= 5063 0 1,
2017, 37(9): 2891-2895.

Yang H, Huang L, Liu M H, et al. Detection of
cadmium in navel orange by laser induced breakdown
spectroscopy combined with moving window partial
least square[]J]. Laser & Optoelectronics Progress,
2017, 54(8): 083002.

B, AR, XIARME, % BOLEREFE RS G®
B R /D T R S R Cd R RS (]
WOL 56 74 E R, 2017, 54(8): 083002.

Liu Y M, Singha S, Witt T E, et al. Observation of
near total polarization in the ultrafast laser ablation of
SilJ]. 2008, 93 (16):
161502.

Penczak J S, Liu Y M, Gordon R J. Polarization

Applied Physics Letters,

resolved laser-induced breakdown spectroscopy of Al
[J]. Journal of Physical Chemistry A, 2009, 113:
13310-13317.

Zhao Y B, Singha S, Liu Y M, et al. Polarization
resolved laser-induced breakdown spectroscopy [J].
Optics Letters, 2009, 34(4): 494-496.

Liu Y M, Penczak ] S, Gordon R J. Nanosecond
polarization  resolved  laser-induced  breakdown
spectroscopy[J]. Optics Letters, 2010, 35(2): 112-
114.

LiuJ, Tao H Y, Gao X, et al. The polarization
characteristics of single shot nanosecond laser-induced
breakdown spectroscopy of Al[J]. Chinese Physics
B, 2013, 22(4): 044206.



