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5 3R RS ) A5 BN A 22 R 4 ( BP — ADaboost ) X T b B8 6 1 B A& IR . WFFE 45 R BL, 15 PLSR B BY A
FC3 /N RS FE Y K I Na 9 BP — ADaboost 5 fJt 852 7Y S4CR 3 45, HC T ple s 2 80 R 43 ) 249 0..908 il 0. 979, il
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Simultaneous Quantitative Analysis of Potassium and Sodium
in Wheat Straw Using LIBS

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

Abstract: It is of great practical significance to rapidly analyze the content of potassium (K) and sodium
(Na) in wheat straw for improving its combustion efficiency. And totally 29 representative wheat straw
samples collected from North China were chosen as the research objects. Based on the standard values
measured by inductively coupled plasma mass spectrometry ( ICP — MS), laser induced breakdown
spectroscopy (LIBS) was used for the quantitative analysis of K and Na contents in wheat straw. In order
to improve the accuracy of quantitative analysis, the spectral bands around the analytical lines of K and
Na were primarily confirmed as original spectral data of the calibration models, respectively. The effects
of baseline correction ( BC), normalization ( Norm ) and mean-centering ( MC) on LIBS spectral
denoising were compared. Moreover, the applicability of partial least squares regression ( PLSR) and
Adaboost backpropagation artificial neural network ( BP — ADaboost) for preprocessed spectral data was
compared and analyzed. Results showed that when compared with PLSR models, the BP — ADaboost
models of potassium and sodium in wheat straw both had better effects, yielding Ri of 0. 908 and 0. 979,
root mean square error of prediction set of 2. 388 g/kg and 0. 138 g/kg, relative percent deviation of
2.358 and 4. 203, respectively. Therefore, LIBS technique can be used for the simultaneous quantitative
analysis of K and Na in wheat straw.
Key words: wheat straw; element content prediction; spectral denoising; partial least squares
regression; Adaboost backpropagation artificial neural network; laser induced breakdown

spectroscopy
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Tab.1 Content statistical result of K and Na
in wheat straw g/kg
TTHE FE Ak BRM  RAME CPHME b2

BIE4E (22) 40.70 14. 45 21.74 6.97
Fm4E (7) 32.08 15.10 21.20 5.63

R IE4E(22) 2.96 0.10 0.63 0.71
4 (7) 1. 81 0.14 0. 54 0.58

2.2 INEFEFF LIBS KXiLMET

INEFEFT R ML ER SR ER ORBR D K
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Fig.1 Averaged spectrum of wheat stalk samples
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Tab.2 Spectroscopic parameters of analytical lines of main elements in wheat stalk

S /o . o - St E BT /s e B/ eV
TRER RES BER TRER
193. 09 CI 423.5 2s%2p?' D, —2s?2p3s' PO, 5 3 3.39 x10* 1.26 7.68
247. 86 clI 607.5 2s22p?' S, —2s22p3s' P2, 1 3 2.80 x 107 2.68 7.68
656. 27 HI 666. 5 2¢’S,,,— 3p*P°, 2 2 2.24 x 107 10. 20 12. 09
844. 62 01 1320.5 2s%2p* (*S°)3s*8°, — 25%2p (*S°)3p 3P, 3 1 3.22 x 107 9.52 10. 99
844. 64 01 1320.5 2s%2p* (*S°)3s*8°, — 25%2p (*S°)3p 3P, 3 5 3.22 x 107 9.52 10.99
844. 68 01 1320.5 2s%2p° (*S°)3s%S°, — 2s%2p’ (*S°)3p 3P, 3 3 3.22 x107 9.52 10. 99
404. 40 K1 691.7 3p®4s’S, ,,—3p®5p?P°,, 2 4 1.16 x 10° 0 3.06
404.70 KI 519.5 3p®4sS, ,,—3p®5p°P°, , 2 2 1.07 x 10° 0 3.06
766. 49 K1 3589. 4 3p®4s’S, ,,—3p®4p’P°, , 2 4 3.80 x 107 0 1.62
769. 90 K1 3877.3 3p°4s’S,,—3p°4p’P°, , 2 2 3.75 x 107 0 1.61
588.99 Nal 5029.6 2p®3s%S, ,,—2p®3p? P2, , 2 4 6.16 x 107 0 2.10
589. 59 Nal 3 886. 1 2p®3s?S, ,,—3p®3p?P°, 2 2 6.14 x 107 0 2.10
393. 37 Call 3768.3 3p°4s’S, ,, —3p°4p’P°, 2 4 1.47 x10® 0 3.15
396. 85 Call 2951.9 3p°4s2S, ,, —3p°4p?P°, 2 2 1.40 x 10* 0 3.12
422. 67 Cal 3590. 1 3p°4s?' S, —3pSasdp' PO, 1 3 2.18 x10* 0 2.93
279. 55 Mg Il 566.9 3s%S,,—3p*P°, , 2 4 2.60 x10® 0 4.43
280. 27 Mg Il 481.9 3s’S,,,—3p*P°,, 2 2 2.60 x 10* 0 4.42
517.27 Mg [ 463.5 353 P0, 53457, 3 3 5.80 x 107 2.71 5.11
518. 36 Mg I 717.6 35’ p? P, —3s4s’S, 5 3 3.40 x 107 2.72 5.11

XF T Na, Ji 7 & OG5 53 BT & A7 T 588. 99 nm Al
589.59 nm 4b, X A 2 AW 0 0§ B 4 A 7E
587.026 ~591.022 nm [ff i, 3 H ,588.99 nm &by
ES B 2 T 589.59 nm, K Al e & — % [ F g
PAe AR 0 45T ,588.99 nm 4 bR RE R G
THACE PUAE B Ko X T K, B & 5635 4 Hr 46
£ F 404.4 404.7 . 766.49 [ 769.90 nm &b, X 1 1Y
4 ASWE I 3 B2 4> A 7E 403. 711 ~ 405.283 nm F
760. 052 ~774.026 nm [} i, X L& B, § 5 P4
B B DX TR 1 3 4 K P A 25 80K, i Rl 402 LIBS 42
BB (190 ~950 nm) G AL AL & 7 A OG2E JE , 1A
[F] 30 8 Z (A TE PR 2 22 o [ WA & B K1 It
B YGTEAE 766. 49 nm Fl1 769. 90 nm b W i W& 77 7E ™
Y H RS, )5 AT RE S BE A WO RE S By I,
OG5S AE TR B be ik bt B R B 4 15 K
FE R 3G R BUL B K R B =, OB R
RO R B BT T R S B O 2 B pi R TR
3 I i 285 ) 288 it i WA WA, Sy I e 2k 9 EE /S
TR SRR TEEE , I AT DA & B3 2k v e Ak 1 W i
Fei g am Bk A T AT
2.3 TERERGE

507 a8 AR M H, LIBS £ RAKHEZ 5
G280 AR AT RE SO R AR, A
MERITR B/ Hr & i se ik F 8 . Hi, Y
KM Z e B AR & 1 7 s kAT N RS AR KA

Na £ £ /9 5& bp B 8 4 4 1, 28 B K (403,711 ~
405. 283 nm,760. 052 ~ 774.026 nm ) F1 Na (587.026 ~
591. 022 nm) 6 KR 1 b B R LA B . N
U Bk A o 1) R AR AR 5 | K Y ' i TR R O i) i
Mo (MC) JH— 4 (Norm ) | FEZL AL IE (BC) Xf
BRI/ 22 5 AT v K AT Na 9 LIBS Sl 3% %54k 23 i)
PEATBIAL B . 73 5% i PLSR 1 BP — ADaboost 14
AN [ 40k B O 1% B4 B E AR A B, R B — 1k
X 8 AR RS HE AT A BB AIE, S5 R K 3 R, AT
21 BP — ADaboost 515 15 R0 R BORS B2 L R
F R 3 BT (PCA) B e X I b B4 24T RRAE 15
PRI RIS B R BTS 22 DUk AR 95% o S H.
UE X 7 AR 22 80/, W) AR A 1) AR gy, R W
JIERE IO 8 01 3 T AL B AR

X KGR S B b 17 v H, PLSR R Y v d
/N SE BB UE R 7 MR R 22 0 3. 203 g/kg, I R HY
RV 78 B TR 150 2, X0 I A FRAL B 5 7R Sl MG T
PCA — BP — ADaboost 5 %1 i 5 /Iy (1) 52 5. 56 UE 33 5 AR
BRZEH 1. 255 g/kg, Xf R HY FLAL BT vL 9 BC + MC,

X T Na, 4R ] BC + MC #E47 563 Hil 4k B,
HC PLSR LAY (14 28 B 3 ik 33 )7 M5 25 0. 167 g/kg,
ANT A OG 1 TAL BE S R R £5 2R T 2R Y BC +
Norm + MC 47 6 1% #i 4t 3 i) ,PCA — BP — ADaboost
B (14 52 B35 UE 2 7 iR R 22 0 0. 001 g/kg, /N T H:
b S 7 T Ab 3 ) AR T 4G
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Tab.3 Comparison of the best preprocessing method by using PLSR and PCA — BP — ADaboost models
PLSR PCA — BP — ADaboost
JLH T hk 385 2 WA e IE 45 1R R 28 . B3k 34 7 AR 5 KIE S IR ,  KHBGEE IR
¥ 3 B2/ (grkg ™) BRI/ (gokg ™) W22/ (grkg™) B2/ (gokg ™)
J 3 0.812 2.952 0. 766 3.297 0.792 3.338 0.786 3.301
MC 2 0. 804 3.016 0.779 3.203 0. 836 2.956 0.754 2.033
K Norm + MC 3 0.769 3.272 0. 694 3.772 0.956 1. 455 0. 904 1.578
BC + MC 3 0.799 3.054 0.773 3.250 0.974 1. 260 0.954 1.255
BC + Norm + MC 3 0.799 3.055 0.773 3.259 0.934 1. 940 0.923 1. 415
J 6 0.962 0. 134 0.934 0.179 0.991 0. 068 0. 986 0.070
MC 5 0.961 0. 136 0.934 0.179 0.984 0.088 0.973 0. 067
Na Norm + MC 6 0.955 0. 147 0.874 0.260 1 0.016 0.998 0.023
BC + MC 5 0.961 0. 136 0.942 0.167 1 0.002 1 0. 002
BC + Norm + MC 4 0.942 0. 167 0. 876 0. 246 1 0.001 1 0.001

Zi BT, 2453 50k MC A BC + MC X /)
ZFF K # Na () LIBS S i 47 11 4b 21 i, H
PLSR A5 70 #4562 2% 2R 43 i) 3k 3 5 A 5 10 2 43 1) R
FJ BC + MC #1 BC + Norm + MC Xf/NZEFEF $ K
I Na f LIBS St 3% 7 17 # 4k #L i, H PCA - BP -
ADaboost f& 7 4 15 &4 S 43 ) 3k B B f . i — 2
LU B AT B R AL B 9k TS O i RS R R R 8
bF F R AL B S O @ LA o JR A AT fig & BC
J5 15 Re % 1 B A A v A [6] Ol 3% G =2 JA) Y KR 2k

%4 PLSR 1 PCA-BP-

Tab.4 Predicted results of PLSR

22 5 KO HL O R RS 51 Y B B 3k 4R IR B8, Norm
RE % T B G FE 22 19 52 L T MCBE 95 3 98 A R AF
A Z 1] 0 1% 00 22 S Mk I A R T 4R e A Y
K B o
2.4 HBTNBREE

W UE T A A /N FE A AT K Al Na g fit PLSR
il PCA — BP — ADaboost % A5 155 5 % fiE , i I 2 A 1€
FEVER T A7 22 585 FFRE A HEAT B0 43 A, A5 240 351 0
ZERANFE 4 PR .

ADaboost & B 751 45 £
and PCA — BP — ADaboost models

% _— S— A R, R AT PR BUMTTR XA
M5 X/ (gkg™") W/ (g kg™) R
PLSR MC 2 0.779 3.203 0.759 2.569 2.192
PCA — BP — ADaboost BC + MC — 0. 954 1.255 0. 908 2.388 2.358
PLSR BC + MC 5 0. 942 0. 167 0. 964 0.222 2.613
N pCA - BP - ADaboost BC + Norm + MC — 1 0. 001 0.979 0. 138 4.203

X T K, A8 i K ROk 2 i), L PLSR BRI
229 77 AR 5% 2 FURH T 23 B i3 22 53 301l O 2. 569 g/kg Al
2. 192 FHXF 40 M1 iR 22 /N T PCA — BP — ADaboost 1
Rzt B 2B PCA — BP — ADaboost £ 76 751 il 14 fE 456
. SAFTEA T BE R K 7E 766. 49 nm Fl 769. 90 nm
SEAETE A W, B A OGS IR E S KR &
Z [E]AS P8 BAE BE 7R Sk e i, AT B 3 T 3
AVEPh MR, Jf H, PCA — BP — ADaboost
RUAXS o M iR 22 KT 2. 35, R UIIZ AL BLRE % 1 T €
SO HT/NERERT R K B hE, B BE % I 2 52 B A

XFF Na, 49548 5 K 740 5 BF, L PLSR #27Y
F18) AU 47 5 AR 5% 2 RRE X 43 BT 158 22 43 3l Ay 0. 222 g/ kg
2,613, 43 % 43 #11R 22 /N T PCA — BP — ADaboost
BERIZE IR . K B] PCA — BP — ADaboost 52 %Y 50l 4

REALGT o A3 A I AL, E T /0N 22 A A 21 R 43 3
Z% AN TRVRE S (1) S5 AL AH 22 30K, Tl Ak B )5 D' i v
DY AEAE — 78 1 AR RN W2 75, 25 %) %) PLSR 4R P
RlP= T3, Xl F PCA — BP — ADaboost £ 74 4f
XPOr AT iR 22 KT 4, RUNZEBIRE 6% ] T/ 22 F5 FF
o Na & &2 19 55 PRAE LA I o

2% | Al %0, PCA — BP — ADaboost £ % % T /N %
FiFF e K A Na 9 25 5 3000 50O 24 4 T PLSR B2
K Fl Na f)d5 LB R 45 R R) 43501 0. 908 A1 0. 979,
I 34 77 AR 5% 22 43 9l Oy 2. 388 g/kg 0. 138 g/kg,
AER 43 A7 158 22 43 390 A 2. 358 il 4. 203, &l 2 fiR .

ZWIE

PAFR [ AL M X/ 22 RS AF ik 4 s o R KA
Na & A BT T 45 b, 8 1 B R A IE H — 1L

3
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Fig.2 Results of K and Na in wheat straw by using the best models

A O A AR B 5 0 KA Na St % il i J
PERE, 15t 1& F T 4tk PLSR FIE £ PCA — BP -
ADaboost 15 71 (1) fi fJf i 4k B 5 v o 3 b A AL B S
6% PLSR Fll PCA — BP — ADaboost £ I s . 5
/N FEFFH K FI Na f) PCA — BP — ADaboost £ 7
TR b, R 4350k 0,908 A1 0. 979, T

Y75 MR 22 53 51 O 2. 388 g/kg FI 0. 138 g/kg, AH XS
Iy BTiR 250y Wk 2.358 F14.203, BESTAE R LW,
FIFH LIBS 7 AR 2546 38 4 9 )6 335 190 4k BRI EEAS 7 3%
A DL b 52 B /N2 RS FF TR 42 )R K FT Na 3 51
PR AE R R W5 g SEI LIBS B AR X 3 [ /N2
T A1 v 22 50 2 PO o A3 B R AL T 5 k2 A

& % x Wt
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