& 0T ki
17 ]

o5k W S M

Spectroscopy and Spectral Analysis

£ F NELIBS $ 7R 1 EN-SVR £ 2 i) 4 4 5 o
ABE P T EEER M

%IS 7‘;@1,2’ 5&%?2,l€’%%%2.15,F)%%4 1, 2%

1. VLA RO TR 2B, YL BV 212013
2. AT REENUR R A TR 24 Pe . #is A F 832003
3. AR AKSFRVGAC Al e F5 F AL LI = . HrEE AT 832003

W E AR W RS AL R A T OBOR) 9 A RS B . R FTBOE TS 256 1k (LIBS) £ AR X R FF
T B K A (P JT R AT SR IO 5T . 1 S0 A K 1) 3R 0 ST MR Ay VAR T 2 48 R R LA R AR U
T T A S RS R T R R RN . A A R K AS P G R LIBS {5 S I R RO ) B 5 O R
BT 3 FloRLAR 4 40 K UKL (Au nanoparticles, AuNPs)Xf P IR & 4 0 Wil &m0 {5 S am v fE . 25 R W K
REAE (73 nm F1 105 nm) (¥ 4 PR PRI 45 ) K A RN, I HOGIREM L K. SRS T 3
FORL A2 4 G oK UKL 58 )5 P T R 1Y AR A IE i AT AR . 45 nm (1 4 41K UKL (5 5 1 1R U5 1Y B AR AL
1E BH AR R AR S B o B ORLAR A AR VR I 58S Y 4 2% 20 BT I 2R B I B G T o I - S R 1) R
15 (EN-SVRO 15 7 44 g, H A A5 70 A 390 00 S X535 22 CARP) 1 530 AF X B o ff 22 (RSDP) 43 51 24 5. 40 % 1
11,09 % . 5% 25 5 3¢ B 40K JURL 1 58 38 % 5 2 1 27 06 1% (NELIBS) 45 & EN-SVR #5880 /] L 4 ) ok Hh 7k

Vol 41,No. 7,pp2301-2306
July, 2021

A P OCE R E AR .

XKiEA
hE S %S 0657.319

BOLTE S 2O
ERFRIRED: A

515

AREBRMYAERARKETNLRFRIZ—, ATH
Ber AL IS h RF /B IE 2 5 L3 b Ca®7, APT R Fe'™ 4%
BB T A G TE MR TERE L . R s . TR B 4R A
Bty 132y 7406, FHorp 95 % WM M)A BEFI FE I AEVE S o R
Yy AR Sy — R B R RN © R RS s, OF HARAEY
FERTIE A=Wy o F B 4 & B KR 28 P T R AT LA L HE A W)
WCRI T, i HERCORFR RS T LI P TR AR M. K
YEYIREFE R AR Py e K WS 25 P oo R OD 0O 5 & 4 0 X 3%
[ H 1% GO B AR 1oy SUAORS HE AR O 3 P B B

HOtE S & 9tk R (laser induced breakdown spec-
troscopy, LIBS) A% T 1% 48 J5t 7 WO 3% B A BA FE & B db
PR A S BRAE B SER S3  P iY O8 R, T LA T 4
VR TR A I A I 22 B RS A O F R o B SR
LIBS A HHe 0 TR BT, i T T00 IE 3l YR 1o Ik 45

Y #s B 2020-06-30, &iT A HI: 2020-11-05
EE£WB: EEPHESERHL AU GUE A A H (2018CB016) ¥ B

EEEN: F M. L, 1991448, TR AL T TR 2 B il

* IR S

e-mail: dhwsgl23@sina. com

EHORFURL; AR IR s WEOCE s SR R 4538 1) i [l
DOI: 10. 3964/j. issn. 1000-0593(2021)07-2301-06

PR 3% 3 45 B IR K, DT B AR D' TS 5 5 58 B ROl i £ g
Ll o X 30 S R, SEAROR, — T TR IR AR A 4R i T
KoY 11 50 B B P T 3 PR B B 40 i TR A ), (X
BRI ESE S ST RN E TSmO RS —F
T FL bk oh LIBSS . B i 4 B LIBSS R #O% 5 5 %0k
LIBS™ 45 45 B & P T3 o A R A, (R s o 1
IR B 2 BE AT A . B, 20 T & — Fh &) B A 800
LIBS W iR 43t AR .

JGE AR T A OK ORI 50 B AR — R OB/ L TR
YRR 1Y) BE TS 2% I AR R BB SR A FL R . AT 2 UL
SULT R UG SRR . B R, FE 98 OR BURL B 5 0Ok
%5 i 7Ok 3% 4 R (nanoparticle enhanced laser induced
breakdown spectroscopy, NELIBS) J5 f #3845 /b> . De Giaco-
mo ZEU0lE Ag ORI TE S R AL B, R BBEOLE S 4 E
FHREE SRR 1~2 A Ea g, I B s a0OR 32 94 K R
TR TR E R W A K . Wen Z5FVKE 40 K BORE 5 [51 AH 2 IS AH
454 HF LIBS AR, A5 R4 20 nm 1 4 44 K J50R 4

e-mail: guomei@ shzu. edu. cn



2302 S 5 6 M
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Fig. 1 Schematic diagram of sample pretreatment process

(d) LIBS analysis
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Fig. 2 Analysis of sample droplet morphology
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Fig. 3 Signal enhancement effect of gold

nanoparticles with different sizes
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Fig. 4 Univariate model
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Table 1 Effect of univariate model enhanced by different size gold nanoparticles
T AuNPs Ri (riéw_sg;/ 5 (m;‘f)g N R} (ivl_sgf 1 RSDP/ %
213.62 nm Jc 0. 360 7.593 13. 897 0.962 2.572 25. 86
45 nm 0.977 1. 425 1. 676 0.921 1.927 19. 37
73 nm 0. 875 3.359 3.419 0.338 5.579 56.09
105 nm 0.919 2.708 2. 287 0. 584 4.678 47.03
214.93 nm g 0.567 6. 240 12. 295 0. 892 2.265 22.77
45 nm 0.993 0. 784 2.439 0.943 1. 482 14. 90
73 nm 0. 904 2.933 2.454 0.299 5.458 54. 87
105 nm 0.939 2.352 2.447 0.613 4.543 45. 67
253.55 nm g 0.538 6.452 11. 611 0. 880 2.820 28. 35
45 nm 0. 966 1. 741 3.935 0. 833 2.578 25.92
73 nm 0. 805 4.191 4.279 0.217 6.068 61.00
105 nm 0. 842 3.776 4.491 0. 505 5.203 52.31
255.33 nm g 0.013 9.426 349. 031 0.015 6. 940 69. 77
45 nm 0.962 1. 849 9.184 0. 906 2.258 22.70
73 nm 0. 810 4.139 12.702 0.028 7.838 78. 80
105 nm 0. 854 3.621 12.337 0. 540 6.010 60.42

T R A E S, T P 255. 33 nm Ak 43 BT 2RO 35 B B RS R 1L
BT P 214. 93 nm,
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Tt 2 F R OGP R T R AR B R i SR FH L IR 2% 1 (Elas-
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Fig. 5 Selected feature variables using ElasticNet
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#h P e & B W B EE, LIBS J6 i 76 2 5 4 K ik (5 =
BESRT  1E W L AT RE AR T A SRS R LR Vieira
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Fig. 6
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Table 2 Comparison of the results of LIBS calibration model for phosphorus in related literatures

Ff b B WelE/(mg - kg™ 1) CIWRES ARP/% RSDP/ % EE PN
) ko LIBS <30. 42 EN-SVR 5. 40 11. 09 A3
1 5 WS LIBS <333 000 BB IE — 8 [12]
JE ikt LIBS <200 000 BAAS B T 15 — [13]
6T A7 5 4 B L TR A, {5 M AR K, A LG 4 FhoT
3 4 e AR DR 490 K JBURE 135 38038 5 ) 4208 A TE ol 57002

AR A= W 5K R P OT R Y LIBS B £ #r £k

5 XF U9 o X B CMOS A 4346 & B 73 F1 105 nm Rz 4

Ao F i A5 nm R AR g AR ORI 58 )5 19 P oL R B9 LIBS 4
Mre g (5 5 et . Ik FHZORLAR 90K 00K 58 )5 19 4 2500
Bt 28 i 58 i BOL il 28 i EN-SVR BB, B R 0R 4y
TS AR MR BE, SF5 A S SCRRRGE 45 R A . R

R 3 FlORLAR 5 94 K OB X H LIBS {5 %5 k47 1

K BORLE B e B AR A . DT S BOG 3 £ A 45
nm KLAE G 98 K UKL 55 5 1Y) LIBS Jail . Rl mf, il He g 3
Tl A 42 4 90 K R 38 58 5 1 LIBS J5 4R, & BURE 25 B 48 38 K,
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Quantitative Determination of Water-Soluble P in Biochar Based on
NELIBS Technology and EN-SVR Model

GUO Mei" *, ZHANG Ruo-yu**, ZHU Rong-guang” *, DUAN Hong-wei'* **

1. School of Agricultral Engineering. Jiangsu Uniersity, Zhenjiang 212013, China

2. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China
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Abstract Biochar can provide many available phosphorus (P) that can be absorbed and utilized by plants. In this paper,
laser-induced breakdown spectroscopy (LIBS) was used to detect water-soluble P in straw based biochar quantitatively. To
reduce the serious “coffee ring effect” on the substrate’ s surface after droplet drying, hydrophobic polyethylene plate was
selected as the liquid-solid conversion substrate. To solve the problem of the low sensitivity of LIBS signal of water-soluble P
element in biochar, the signal enhancement performance of three kinds of Au nanoparticles (AuNPs) on four analytical lines of P
element was studied and discussed. The results show that Au nanoparticles with large particle size (73 and 105 nm) are more
prone to the aggregation effect, and the spectral signal-to-noise ratio is large. Furthermore, the P element’s univariate calibra-
tion curve models enhanced by three kinds of particle size Au nanoparticles were compared and analyzed. The results show that
the univariate calibration curve models with 45 nm Au nanoparticles signal enhancement are the best. Finally, the four enhanced
spectral broadening bands enhanced by the Au nanoparticles were used to develop the ElasticNet-support vector regression (EN-
SVR) model. The average error of the prediction set (ARP) and the relative standard deviation of the prediction set (RSDP) of
the optimal model were 5. 40% and 11. 09% , respectively. The results show that nanoparticle enhanced laser induced breakdown
spectroscopy (NELIBS) combined with the EN-SVR model can be used for the accurate quantitative determination of water-solu-
ble P in biochar.

Keywords Laser induced breakdown spectroscopy; Au nanoparticles; Biochar; Phosphorus; ElasticNet-Support vector regres-

sion
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