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Detection of Metal Content in Biochar Based on Serial
Aad-partition Calibration Model Using LIBS

DUAN Hongwei HAN Lujia HUANG Guangqun
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: To accurately detect the content of major metal elements in agribiochar using laser induced
breakdown spectroscopy (LIBS) and improve its poor detection sensitivity, high temperature treatment
was proposed to remove the effects of moisture, fixed carbon and organic matrix. Primarily, totally 66
representative agribiochar samples with Aad content ranging from 28% to 42% were collected and divided
using multiple Aad-partition intervals (14% , 7% , 3. 5% and 2% ). Moreover, when the interval value
was set to be 7% , the Aad-partition of the collected samples was divided into 28% ~35% (38 samples)
and 35% ~42% (28 samples). And the corresponding determinant coefficient between raw samples and
treated samples was higher than 0. 96. Thus, it was possible to develop a serial Aad-partition calibration
model using spectral information of treated samples and chemical information of raw samples. In
comparison with the modeling effects of raw samples, the partial least squares regression ( PLSR) models
developed by treated samples had lower values of relative standard deviation of cross-validation set. The
pairwise T test of its prediction set showed that there was no significant difference between the
measurement of LIBS and inductively coupled plasma mass spectrometry (ICP —MS). The results showed
that the LIBS can be used to simultaneous, accurate and quantitative analysis of major metal elements in
agribiochar based on the high temperature treatment and serial Aad-partition calibration model.
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Fig. 1 Preparation of agribiochar samples
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calibration model
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Fig.3 FT —1IR spectra of agribiochar before and

after high temperature treatment
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Fig.4 LIBS spectra of agribiochar before and after

high temperature treatment
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Tab.1 Analytical lines and peak broadening for main metal elements nm
JLR IITER I Ji 5T
Pb 406. 21 405. 13 ~406. 64
Cr 424.96 425.43 427.48 428.27 428.97 424.50 ~429.50
Cu 324.75 .327. 40 324.50 ~325.00,327. 25 ~327.50
Zn 202. 55 ,206. 20 ,213. 85 202. 30 ~202. 80 ,206. 00 ~206. 40 ,213. 70 ~214. 10
Na 588.99 589. 59 586. 00 ~592. 00
Mg 279. 54 279. 80 ,280. 27 ,285. 21 516. 73 517. 27 518. 36 279.30 ~285.40.,514. 00 ~518.70
— DX [ 4 43 28% ~35% (38 ) Fl 35% ~
— 42% (28 A RE ) | IV X 1] Py 45 76 36 A 56 1
— 5 =, PP E REC(R?) 435 0.99.,0.99,0.97,
" 0.99.0.98 F10.98, PNtk #5573 IX 1] ] BE A 52
7% , R}t 22 1M e R Ak B R A LIBS S Al i
B PR A i b 2 TR T R S A B A
AR S IR 4 DX ) R AL
O e 2.4 EERS KSR ST
5 AR A EE R o il A BT 5 0 R & A G R IR AL FRAT 5 R AW e FE AR TT

Fig.5 Correlation of elemental concentration before

and after high temperature treatment at different intervals
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HOBERMNR 2 PR, i Bk e L B AR A
i, 45 & Z ROt g AL B LY A ik
(Meancentering, MC) AR#ELL (Autoscaling, AS) 4
— 4k ( Normalize, Norm ). 3 2k # 1F ( Baseline
correction, BC) .S — G ~F-if ( Savitzky — Golay, SG) Fl

H129% B, 3843 DX ) 5 A B AR 1E AR A A Bk i A2 — B 550 (First derivative, 1D) , f4) 5 2% pri Al
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Tab.2 Comparison of modeling effects of serial Aad-partition calibration models
TSy IX ] (28% ~35% ) KAy (35% ~42% )
o i KIE4E 2 YRS _ B IESE 2 H BIELE _
TH R, SN R, By AEX AR TH R, ¥ . PIOrme ARXS AR
R RZE nE % PR 2% B2 R/ %

o JRf 7 0.9496 0.7189 0.8720 1.1553 23.78 4 0.6943 1.2115 0.5754 1.4494 23.24
Pb UL AR5 10 0.9818 0.4317 0.9556 0.6750 13.89 4 0.9321 0.5714 0.8929 0.7225 11.58

. JE R 4 0.9432 1.5912 0.8827 2.3223 21.74 5 0.8821 1.9220 0.7933 2.5609 19.22
Cr R AhHEJE 6 0.9652 1.2455 0.9226 1.8825 17.62 6 0.9485 1.2702 0.8607 2.1077 15.82

o i 4 0.8922 1.2443 0.8554 1.4429 12.79 6 0.9490 0.6236 0.7577 1.3881 11.26
Cu RE LY AhEEJE 7 0.9755 0.5934 0.9087 1.1735 10.40 6 0.9586 0.5618 0.8240 1.1883 9.64

o JR LG 4 0.9536 29.1299 0.8734 48.3583 41.24 3 0.7571 5.5426 0.5354 7.7067 18.70
Zn AL AR E 3 0.9518 29.7041 0.9330 35.1172 29.95 3 0.8801 3.8917 0.8274 4.6789 11.36

° JRf 7 0.9422 0.3476 0.8747 0.5210 27.28 7 0.8743 0.2911 0.6577 0.4931 16.63
Na F& it AR S 4 0.9684 0.2571 0.9452 0.3385 17.73 4 0.9049 0.2526 0.8540 0.3131 10.56

- Y 3 0.9497 0.5501 0.9228 0.6826 20.03 8 0.9341 0.2705 0.7416 0.5446 11.75
Mg Bt AhHEJE 3 0.9750 0.3876 0.9608 0.4863 14.27 8 0.9622 0.3897 0.8668 0.3897 8.72

¥ :Pb Cr.Cu.Zn ¥R 2 BN K mg/kg, Na Mg ¥ IR BN R ¢/kg, TR,

TE 28% ~35% JK 43 IX A1 N, 443 5112k H 10 .6
7.3 .43 A B R T A R AL RS A
#1 Pb . Cr,Cu.Zn Na Mg JGCZE PLSR #5211

UE A X bR HE e 22 43 9l b 13.89% | 17.62% .
10.40% 29.95% 17.73% 14.27% ,AH% T R 4R 44
W AT R G UE AR X b v A 22 4353 TR 1 9. 89
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Tab.3 Model effects of main metal elements in agribiochar

A H B o 4
E 20 KA IX 18]/ % oAk FRAR ¥ R Y AR ) PIJraR AR BRI
¥ WE/% ’ R%E WE/%
- 28 ~35 None 10 0.9556 0.6750 13.89 0.9618 0.6188 12.82  0.3350°
Pb i [t .
35~42 None 4 0.8929 0.7225 11.58 0.8626 0.7783 12.85 0.9410°
Cr R H 28 ~35 Norm + AS 6 0.9541 1.4378 13. 46 0.9834 0.8917 8.35 0.4725*
TR 35~42 Norm + MC 6 0.8856 1.9404 14. 56 0.9852 1.2715 10.22  0.079 4
- 28 ~35 MC 6 0.9210 1.0917 9.68 0.9628 0.8110 7.24 0.3319*
Cu Jliim [t )
35 ~42 AS 4 0.8674 1.0092 8.18 0.9082 0.9370 7.48 0.570 6*
In R 28 ~35 BC +1D +SG5 + AS 2 0.9579 27.7991 23.71 0.9448 21.2263 23.28 0.6476*
i 35~42 AS 4 0.8427 4.4611 10. 83 0.8915 4.4852 10.50  0.9191*
Na S He 28 ~35 SG7 + AS 2 0.9589 0.2931 15.35 0.9674 0.2552 12.73  0.8509*
a s 35~42 Norm ( length) + AS 2 0.8567 0.3102 10. 46 0.8202 0.3525 11.52  0.3725*
. 28 ~35 AS 2 0.9671 0.4449 13. 06 0.9791 0.3679 10.94  0.634 3"
Mg i kb )
35 ~42 None 8 0.8668 0.3897 8.72 0.9335 0.3833 8.27 0.401 7

Hia FR P>0.05, JoMFIELE S SCN FERHL N A5 A9 SG 4 ; Norm (length ) 878 KB 19— 40300
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Fig.6 Prediction results of serial Aad-partition PLSR model for main metal elements in agribiochar



328

PO A1 R S S ¢

20109 4F

0.05,7W] LIBS F1 ICP — MS Wl 5 45 5 I i B 1k 2%
SR U TR A W 95 ) SE BRI

3 HFRIE

B Ay T4 JR T EAE LIBS & A
TR A5 Ze RLARSEN i FT — IR 1 LIBS Y65
Mrig i | EiR AL BRAE S A S F2 Bk 43 | [ 8 i AL A AL

FEdh LIBS D3k i i) 2 3% 82 K 43 IX. 1] 28 s A58 78 119 588
T A5 R AL PR S RE B PLSR AR5 A 58 T BIE AR X
T v (i 22 (24 ) S K, ELSELC ) 5 118 0 2 {0 700
AT T 4G5 7%, LIBS 5 ICP — MS Il %2 25 5 TG &
FES, WHRAIRRNY] miRALIREE G SR 53 X H]
FERMSR B RS A 2 A A ARl AR W T ) 2B 4
JRICE S I NS LIBS A X 3 [ Al A4

SN RS T 2 PGSR AR it A i i A PR

Yyperh 2ot it e PR 15 ikeAdEk Al

et al. Laser-induced breakdown

Microchemical Journal, 2017, 134, 370 —373.

& % X o

[1] LIY, LIU X, ZHANG P, et al. Qualitative and quantitative correlation of physicochemical characteristics and lead sorption
behaviors of crop residue-derived chars [ J]. Bioresource Technology, 2018, 270 545 —553.

[2] GOTTFRIED J L., DE LUCIA F C, MUNSON C A, et al. Laser-induced breakdown spectroscopy for detection of explosives
residues; a review of recent advances, challenges, and future prospects [ J]. Analytical and Bioanalytical Chemistry, 2009,
395(2) : 283 -300.

[3] YIN W, ZHANG L, DONG L, et al. Design of alaser-induced breakdown spectroscopy system for on-line quality analysis of
pulverized coal in power plants [ J]. Applied Spectroscopy, 2009, 63(8) : 865 —872.

[4] MENG D, ZHAO N, MA M, et al. Heavy metal detection in soils by laser induced breakdown spectroscopy using hemispherical
spatial confinement [ J]. Plasma Science and Technology, 2015, 17(8) : 632 - 637.

[5] SINGH V K, KUMAR V, SHARMA J. Importance of laser-induced breakdown spectroscopy for hard tissues ( hone, teeth) and
other calcified tissue materials [ J]. Lasers in Medical Science, 2015, 30(6): 1763 —1778.

[6] TIAN Y, XUE B, SONG J, et al. Non-gated laser-induced breakdown spectroscopy in bulk water by position-selective detection
[J]. Applied Physics Letters, 2015, 107(11); 111107.

[7] LIW, LUJ, DONG M, et al. Quantitative analysis of calorific value of coal based on spectral preprocessing by laser-induced
breakdown spectroscopy (LIBS) [J]. Energy & Fuels, 2017, 32(1); 24 -32.

[8] MENG D, ZHAO N, WANG Y, et al. On-line/on-site analysis of heavy metals in water and soils by laser induced breakdown
spectroscopy [ J]. Spectrochimica Acta Part B; Atomic Spectroscopy, 2017, 137 39 —45.

[9] WANG Q, TENG G, LI C, et al. Identification and classification of explosives using semi-supervised learning and laser-induced
breakdown spectroscopy [ J]. Journal of Hazardous Materials, 2019, 369 . 423 —429.

[10] PENG J, LIU F, ZHOU F, et al. Challenging applications for multi-element analysis by laser-induced breakdown spectroscopy

in agriculture:a review [ J]. TrAC Trends in Analytical Chemistry, 2016, 85 260 —272.

[11] YU XL, HE Y. Challenges and opportunities in quantitative analyses of lead, cadmium, and hexavalent chromium in plant
materials by laser-induced breakdown spectroscopy:a review [ J]. Applied Spectroscopy Reviews, 2016, 52(7) : 605 —622.

[12] MARKIEWICZ-KESZYCKA M, CAMA-MONCUNILL X, CASADO-GAVALDA M P,
spectroscopy ( LIBS) for food analysis:a review [ J]. Trends in Food Science & Technology, 2017, 65 80 —93.

[13] YIR, YANG X, ZHOU R, et al. Determination of trace available heavy metals in soil using laser-induced breakdown
spectroscopy assisted with phase transformation method [ J]. Analytical Chemistry, 2018, 90(11) : 7080 - 7085.

[14] YANG P, ZHOU R, ZHANG W, et al. High-sensitivity determination of cadmium and lead in rice using laser-induced
breakdown spectroscopy [ J]. Food Chemistry, 2019, 272, 323 -328.

[15] PENGJ, HEY, YE L, et al. Moisture influence reducing method for heavy metals detection in plant materials using laser-
induced breakdown spectroscopy :a case study for chromium content detection in rice leaves [ J]. Analytical Chemistry, 2017,
89(14) : 7593 -7600.

[16] DUAN H, MA' S, HAN L, et al. A novel denoising method for laser-induced breakdown spectroscopy: improved wavelet dual
threshold function method and its application to quantitative modeling of Cu and Zn in Chinese animal manure composts [ J].
Microchemical Journal, 2017, 134 262 —269.

[17] ALMESSIERE M A, ALTUWIRIQI R, GONDAL M A, et al. Qualitative and quantitative analysis of human nails to find
correlation between nutrients and vitamin D deficiency using LIBS and ICP — AES [ J]. Talanta, 2018, 185; 61 -70.

[18] XUE J, YANG Z, HAN L, et al. On-line measurement of proximates and lignocellulose components of corn stover using NIRS
[J]. Applied Energy, 2015, 137 18 -25.

[19] MORAIS C P D, BARROS A I, SANTOS J N D, et al. Calcium determination in biochar-based fertilizers by laser-induced
breakdown spectroscopy using sodium as internal standard [ J].

[20]  #/PAL. ARSI E A 50 TR T EOR[ M. dbat. A2 Tl i iirt, 2011,



