.11 %
A

T B

Spectroscopy and Spectral Analysis

LIBS R RWRARHPEEETE Zn 5 AR

wOH. Kk M HEEK,F B, ®HOF, ARIL

R R S TR RE . LR W R 266100

W OB MELRURRE. . TS H W DU P L R R R S e AR R
H . SEBRIE A b 30 )7 2R DUAR Y 15 S A 2 DR A 0 B9 R o OB Sl SO6 I SR (LIBS) A AT 5L
R TAL BE AR 58 L 20 0 A [R) IS I A5 00 5L S — A Al T TR e AT DU W v G R TR WA T B T
S W A 9 HE 50 LIBS 3 AT T UL Zo STTR AGALIN . 238 EoR AT Nd = YAG ko' a4 15 v 8
AOGUR . I8 T DG AL I GEAT A I . A E A AR O 371 mm X192 mm X 294 mm, A J5 & {9 it
B AL . D 52 8L LIBS SR GLAR Y B9 0 A 8 SE 70 S2 90 2 X PR Y LIBS Ko i A7 BiAk 5, X9\
Tl R RE il BEAT T4 a0 L TR S0 R0 TR R A BUS EA 0 30 5 Xk LR T DU AR ] o A U5 ik Ak B O 1
AR T A E s 2 (RSD) 5 ) R 5 A3 0 15 b v Ak 0 15 0 45 5 55 B3 T IR P AIE A AR HE AL . SR A% 85 )5 /9 RSD [
FEARARAEA AL PGS ) T 2 — 5 ZJE 0 SR B AR o A 7 3 AN Sl R 9 B 3 VA ) R =R BPNN
SEVEBEATE RSP T . BPNN BEE M I A D6 R B R® 352 0. 99, BUIR 220 3. 206, AR LL S8 &5t 4t 3 AT 7
LB SR T — . R B0 B P AT . X B TR TR T R AR SUAR W O R AR AL . 12 min JF
15 5 58 B B T4 i [ A A8 AL AN O, TR 5 B3 8 00 X T AR 40 1 T S8R ) 9] 4 12 main, A1) 20k 75 78 RS 18
S AS ARl 2 4T T B DU RR M SR AR A0 B a0 . 7 F AR B B3 R AR B0 DU AR W R Ol DR gt T S R AT
LIBS R, I b3k 5285 38 7 1958 1 7 BE X Zn ST R AT VR BE TN, 570 ] 92 58 % SR R 7 R Wi 43t o

Vol. 40,No. 11,pp3617-3622
November, 2020

JE 1 CAAS) (ARG TN 25 AR H . LIBS #8025 5L P332 2500 8. 3206 . Baiif T1%%% B i T 35 Ui

il

SR ET AT [ IR T4 S AR R T AR AL A AR AL Uk DA K BPNN T FU0AR 4 Hh Zn J0 39k B0 9 35 1

.

KA

FESES: 0433.4 XHERFRIRAD: A

5l

3

BEE VTR R e, . RS T HETS 5 N AT HE
VGGG YK TG, KA R AN E . &
— S JE T Y W e 2 AT R T LR h R 4
B FERE, GHFERNERE L, 0 FFRIL
Y& ¥ Catomic absorption spectroscopy, AAS)F! | R4
B TR 3% 32 (inductively coupled plasma mass spectrome-
try. ICP-MS)™ . DUR AT I T B 08 0 14 80 1755 o 28 D6 1%
(laser induced breakdown spectroscopy, LIBS)P 46

LIBS f Sy — i 55 b B 3 9 06 3% 2R 00 5 R oA 2 4 4
) PRI L Tt B R A A7 e i TOUAL P4 S A # . )T

W Fs BHE: 2019-10-08, f&ITHHER: 2020-02-12

WO S LIS (LIBS) s fE# A JIRW) s EEJBITR Zns W
DOI; 10. 3964/j. issn. 1000-0593(2020)11-3617-06

T E T L BB R g P AR AR . 7E R DT
TR Ao S 2% 5 /KB T R B 2R 20 A v R S R T
Ak AT s k. TR AR TR 35 28 S R e B 5 K i
S LIBS SR 1 5 P A R B0 . Dukki Han 45 %) 6 vk
ER DU RE GLHEAT T U TR L a3 0 AN TR R AR B N
Al LIBS HiRRAFRIAE Mt ALFI Cu 48U R & 4 5 ICP-
MS 0 25 AL o Lazic 45 3% i 5@ {0FI 19 38 8 CCD 45
WA T — B LIBS &g, N T M REHE & b
U E OB (Y R0 3 AT AT R R S EAT HE T 48 hS R
o Elmer %5 FJ J200(ASD R GEXA R JLR P 4T LIBS 45
W, ZARGRA T @ bERe ICCD R AR EE . FES & 5T 48 h
TG FEIMAKG G /) B AL #E, LIBS &G H i Cr, Cu
A Pb 3 BN 45 R 5 L 5010 ICP-OES J7 35 5 25 R A 1R 4

HEEWA: BFEESHETRIIEE (2016 YEC0302102) , g g5 15 e AR b 45 3 % 101 (201822003) %% [y

EERN: 5k
* JE IR R A

e-mail: opticsc@ouc. edu. cn

M2 1905 42k s SRR 5 BRI T B 5

e-mail: zhangc ouc@163. com



3618 itk 5 i 4 A

5540 &

M —BOrED SR . P REC Y R SR AR BRI K
I T SR B LIBS SR AT T 0 AR 11 B 5 R A I
Mraz 807 — 5 B

BEXFULAR W A B DR A TN 5 5K, T — B T A
JCEF L TE A B 1 #5 50 LIBS 3% B . R AR o 1L i L s
LIBS 45 B 85 A [F] G B 43 O 25 0 L L SR 350
TR Zn TR B W) B 07 6 FF 18 4 B3 il g o A7 3
fli o

ISR

1.1 EFREBEAFREMNHN LIBSEE

fEHE X LIBS & & 1 i, AR RS2 371 mm X
192 mm X294 mm, TEHE N 10 kg, A ECHE LA 1 064 nm 2
SR R HOE 2 (MONTFORT, M - NANO), 5 ik e
el o 40 m], #FR K 10 Hz, MO &4 3E 8 L1 M L2
(fi==—38 1 mm, f, =75 mm)¥ B, i85 ML 45
B s M2 A A B8 L3/ =25. 4 mm) REEH
FIh . LIBS {5 % R aR [, 28 —ja) 645 M2 e ), 3 i i 5

B1 {Ei# LIBS X EE
(2): RGGERE; (b): RGNFBLEHE

Schematic diagram of the portable LIBS instrument

Fig. 1
(a): Optical layout;

(b): Internal structure charts of the instrument
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Table 1 AAS detection results of the concentration
of Zn in experimental samples

Rl Zn/1076
X01+# 39.42
X02# 50. 38
X03*% 59. 40

Pl S X04# 71.93
X05% 101. 23
X06% 110. 60
X077 130. 68

o 42 X10% 90. 53

2 AR ELE LIBS ik E
Fig. 2 A typical sediment LIBS spectrum
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Fig. 3 Flow chart of concentration prediction of Zn

in sediment using portable LIBS system
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Fig. 4 The RSD results of Zn with different

standardized methods
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(b): BPNN B PTERY b Zn i it £
Fig. 5 Calibration curve for Zn in sediment

(a): Calibration curve for Zn with univariate quantitative method;

(b): Calibration curve for Zn with BP neural network
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Table 2 Quantitative result of three analysis methods

RN SEHRSD MR T 5 22
AR % P o
A oAb B 1 A 38.7 0. 885 10.5
o o Ak B S R A 7.2 0. 935 6.7
Frifift BPNN 2% E bn 7.2 0.998 3.2
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Fig. 6 The emission intensities of Ca | 422 nm and Zn [ 468

nm as a function of sample’s drying time
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Fig. 7 Field measurements pictures and site positions in Jiaozhou Bay

(a): Field measurement picture of the portable LIBS system; (b): Site map for sediments sampling;

(c): Picture of a typical sediment sample; (d): A typical sediment LIBS spectrum on site



%11 4

Wik 2% 5 61 4 Hr 3621

(YA ST, 2R 1 S2, KW 1 S6) Al 1 A3 72 0l s
(S3)F 2 A8 J7 850 il 45 (S4 i S5) . 81 7 (o) 7w 1 2 1)
DU BORE 25 3R A5 1 38 56 3 437 DT AU SRR A 28 5 1 45 0 14 43
MrkE i B o 78 4 A BORE 3% 7 3K 15 A DL BU A BE A 3 — 43 Ry
L BT B LIBS SR SL 5 AAS T . Bl
R REMNTIEYE TEHFEN 3 cm BN, ZERY
BB e R KT . SRS 12 min 3k 8 3 w0 TR
R, AT #AT LIBS MR . K 7(D 2 IR B LIBS
BRI ARAT i S A SE s 1 . R 2.2 @57 25 & 58 T IR bR
AL BPNN 5795 Xf 45 3 7 DT B i (JO17 —J067 ) A
&)@ Zn LR E RIATION . BUMZ R LR TEE AAS [ H
RN EE R AR 3 PR .

M 3 Hal DA, LIBS B 25 R 5 AAS #4554
BT — B0 . B E 2R BB ASIT O 35 0 FF i (JO17, Jo2# )
ERIVANSTVE S a2 = i - A P N (L o T VAR =
(JO67 ) [ Zn & Wi WA AR K. AT F & i T L )R
Z., NIIE T A XWESRG R, 5&HEEHE R
T 103 7 09 OB R TR D S L, D BR O B 4 I 0 T A1
AR EE . T 2 TR P & R e R A R, B R
G 1 A~ 3 AL RE i (JO47 . JO57 ) AR i 5 1) Zn £ I (E 3y
T B8 R 3 1 b Sr A S (JO37 ) Fh B T 45 B L S 5 R B
AWM A . PLAAS 7k bRifE . LIBS I &t 25 58 41 %t
R 8.32% , B ARAHN IR 12. 77 % . LIBS Il & 25 5 14 3
Y1 )5 H iR 22 (root mean square error, RMSE) i 6. 92, #% K
9,36, X HLAE SRR TR Y LIBS $e T R N E
A3 BT 7R R T U0 R S BR D 4y AT B AT
B,

References

[ 1] Baturin G N. Doklady Earth Sciences, 2012, 444(2); 729.

£33 NFLBSKRMERELEE AASTELE R
Table 3 Comparisons of LIBS measurements

on site and AAS results in lab

o TR—
RS i gt i M
S1 Jo1+ 130. 00 139. 35 7.19 9. 36
S2 Joz= 113. 00 115. 89 2.56 2.90
S3 Jo3* 87.90 96. 89 10. 23 8.99
S4 Jo47 67.70 59. 41 12. 25 8.58
S5 J0o5% 79.90 83. 86 4. 96 3.96
S6 Jo6+# 53. 80 46. 93 12.77 7.71

3 4 ik

EFXTULRR Y B b DR A 0 A T SR . ol 0 45 2 LIBS %
B S 2 R FHRE S X017 —X07F B e bR 4, W=
FiOR [ (0 2 B 7 i A th W EE WO AR T %6 a5 A B
AR AIE (0 B v Ak 7 355 U/ D 1 B B . 5 DR B G RS AR H . RSD
M1 3890 FIREZ 7% FIHAshE 719 A 18 B2 S R0 = )2
BPNN 535 3R 0 19 Zn o0 3 3647 M J8 T0I0 . o 28 ) 2%
YIGRA AR S R AL H] 0.99 R, TINRZEN 3.2% . S 75
AL B 1) PR A AR . ML TR E) 2 4% 12 min, X R
GEAE NS R B, A5 R ER W, W a4 IR Y) Zn
TCEWRE R TOm s O X, &S SeBRIE AL LIBS 5
AAS W TN A3 0 v B B BRI — Bk, PR
8.3% . WEWI T AR BT Ik A Akt . IR T LIBS H R H
T UUAY) B B O A R A T

[ 2] Meng M, Shi] B, Yun Z J, et al. Marine Pollution Bulletin, 2014, 88(1-2): 347.

[ 3] DONG Wei-feng, BAO Mu-tai, CAI Ying, et al(# 14, A K, £

32(1): 137.

%, 4%). Marine Environmental Science (i VEM 5 Fl2%), 2013,

[ 4] Bastami K D, Bagheri H, Haghparast S, et al. Marine Pollution Bulletin, 2012, 64(12). 2877.
[5] HanD, Joe YJ, RyuJ S, et al. Spectrochimica Acta Part B: Atomic Spectroscopy. 2018, 146 84.
[ 6] BouéBigne F. Spectrochimica Acta Part B: Atomic Spectroscopy, 2014, 96 21.

[ 7] Pandhija S, Rai N K, Rai A K, et al. Applied Physics B: Lasers and Optics, 2010, 98(1): 231.

[ 8] Khajehzadeh N, Kauppinen T K. IFAC-PapersOnLine, 2015, 48(17); 119.

[9] GuoJJ, LuY, Cheng K, et al. Applied Optics. 2017, 56(29): 8196.

[10] LIU Jin-qing, ZHANG Yong, YIN Ping, et al(X|4: P, ik 5, B

28 M), 2016, 36(1): 137.

#, %), Marine Geology & Quternary Geology (¥ V£ Hi it 5 45 14

[11] Barbini R, Colao F, Lazic V, et al. Spectrochimica Acta Part B: Atomic Spectroscopy, 2002, 57(7); 1203.

[12] Austria ES, Nuesca G M, Lamorena R B. Environmental Science and Pollution Research, 2018, 25(2) . 1.

[13] LiL Z. Wang Z, Yuan T B, et al. Journal of Analytical Atomic Spectrometry, 2011, 26(11): 2274.

[14] Michel A P M, Sonnichsen F. Spectrochimica Acta Part B: Atomic Spectroscopy, 2016, 125; 177.

[15] CHU Ya, LIU Song-yu, CAI Guo-jun, et al(fif ., XI# £, 28E 7, %), Chinese Journal of Underground Space and Engineering (#f,

TasiE 5 TASHR) . 2014, 10(6): 1312,



3622 i 2% 5 61 43 Hr %40 %

Laser-Induced Breakdown Spectroscopy for Heavy Metal Analysis of Zn of
Ocean Sediments
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Abstract With the rapid development of economy. the intensely deepening pollutions in the ocean and rivers have become a
major issue. As a key indicator of environmental assessment, the sediments can offer important information on heavy metal
pollution. Infield investigation, rapid and real-time detection method for sediments is lacking for the time being. With the
advantages of fast and real-time analysis, simple sample pretreatment, multiple element detection, Laser-induced Breakdown
Spectroscopy (LIBS) can meet the requirements of field sediment probe. In this paper, a portable LIBS system was developed
and used for the element of Zn detection from sediment samples. The system was equipped with a Nd: YAG pulses laser as the
source and a miniature optical fiber spectrometer. With a size of 371 mm X 192 mm X 294 mm, the system was convenient for
field measurement. To quantify the Zn in sediment samples, the LIBS spectra of sediments obtained after the samples pretreat-
ment shouldbe standardized in the first step. The best method was standardized with characteristic plasma parameters through a
comparison with some typical methods to reduce the relative standard deviation (RSD) to its fifth of original data. A backpropa-
gation artificial neural network (BPNN) with the driving factorwas adopted as the calibration model for quantitation. An R*value
over 0. 99 and a twice better predictive result were achieved with the single variable analysis. Also, we found that the spectral
intensity of sediments was not significantly affected by drying longer than 12 minutes. Therefore, LIBS detection can be carried
out after a 12-minute drying to the samples in the field investigation. The field experiment was made at 6 different sampling sites
in Jiaozhou Bay using the portable LIBS system. A LIBS detection can be carried out after a 12-minute drying to the samples in
the field investigation. The concentration prediction of Zn was got by using of the above methods. The results showed their coin-
cidencein comparison with the results using Atomic Absorption Spectroscopy (AAS) method with the average relative deviation
of 8.32%. The obtained results proved the performance of the portable LIBS system in field sediment sample analysis and
showed the applicability for predicting Zn concentration using the standardization with characteristic plasma parameters and
BPNN combined approach.

Keywords Laser-induced breakdown spectroscopy (LLIBS); Portable system; Sediments; Heavy metal Zn; Quantitative analysis
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