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Abstract; Double pulse laser—induced breakdown spectroscopy ( LIBS) technique for the determination of Cu in pig feed was
studied in this paper.Combined with orthogonal design, parameters optimization of Cu in pig feed samples, LIBS test was carried
out.According to the sum of the indexes in the visual analysis of the orthogonal experiment,the best experimental parameters
were obtained.The laser energy of A was 157.77 mJ and B was 196.87 mJ.And the delay time of laser was 450 ns and gathering
was 1.28 ps.Based on partial least squares( PLS) ,the influence of different points smoothing and various pretreatment methods
to the PLS model prediction effect were compared.Finally, the combination of 9 point smoothing pretreatment could effectively
reduce the noise signal.lt could improve the accuracy of PLS model for analyzing LIBS spectral data.Model predictions were as
follows ; correlation coefficient (1) , root mean square error of prediction ( RMSEP) and average relative error ( ARE ) were
0.9879,15.10,8.24% ,respectively.
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Table 1  Factors and levels table of orthogonal experiment
ES
AFOE A B#OEB  CHOLLER -
o ABOEA T BEOER - CHOLER ) g gy

REE REHE T[] (us)
(mJ) (mJ) (ns) g

1 82.75 138.27 300 1.28

2 103.60 158.57 350 1.58

3 130.60 175.33 400 1.88

4 157.77 196.87 450 2.08

1.3 HiEAE

i FHAR AR S8 T 3R AS P 8Os VB 7 AR 3, 8 i
S TR BT T A B4 325 45 b 10 Ak B 9 o B 0
ATALER £ R AR B p A B T 9, B A IR AT G A
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20U BE T

AP PP FE AR (R OC R B0 SR o8 45 oy B 5K
A JRE I TN o B8 =[] 28 P A SR B 4 & s RMSEP ( Tl
AL 34 7 AR R 25 ) FH SR i 5 ToUIU vk )3 55 40 o B S vk
BE2Z ] (0 22 5 ARE (OF- 2908 X 158 28 ) 3R 7 T e B8
(i B L ST EE /N, RMSEP £ ARE #9107 LA e fi7
A TN B . v {H S, RMSEP Fl ARE B /)
L A AL R By o e A
2 ZR5iti
21 FEREFEMEXIKE

54 AEDEHRE S 00 BSEHOE S R AN 2 o, 4
— A B B R R R A I R A AR
22 ZWBHEHNMRK
2.2.1 gt Cu oG LIBS FRAESGIE Mt E &
2 REAE R 509 we/ g BUREAREHE S 7 312~335 nm

200 501752235

bR g A

2 BB Cu LR ESOKRE (pe/g)
Table 2 True concentration of Cu element

in pig feed samples( pg/g)

R CICE S e S = S S
1 28.97 15 153 29 206.13 43 368.75
2 28.97 16 167.72 30 206.13 44  368.75
3 28.97 17 167.72 31 220.03 45 368.75
4 38.96 18 167.72 32 220.03 46 424.59
5 38.96 19 17329 33 220.03 47 424.59
6 3896 20 17329 34 25555 48 424.59
7 8524 21 17329 35 25555 49 433.53
8 8524 22 19245 36 25555 50 43353
9 8524 23 19245 37 3053 51 43353
10 8915 24 19245 38 3053 52 477.04
11 89.15 25 20222 39 3053 53 477.04
12 8915 26 20222 40 35927 54 477.04
13 153 27 20222 41 359.27
14 153 28  206.13 42 359.27

F LIBS SEik . R4 NIST J5E -7 6% S 42, vl 0
324.74 327.38 nm I Kk Cu JEE MR ELE .
T Cu 1 324.74 nm BRG LR, AR T4
), PR b3 B B LA S S BT R AR 3
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Fig.2 LIBS spectrum of pig feed samples
in 312~335 nm band
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FEMT Ay 200 ns 0, Cu JCR YOGS IR B, (H2 itk
MG B W R I, Ky T8 755047, 1k
PEELLR AL 1 B/ 300 350,400 450 ns, 1EAIEAE
JLH K-S EE
2222 IEARSCE  LUMEPEHEE S AR OCER B LIBS Sl
WO B PP R AR, g BT AR UL 3

RIS R AR SESR 4 b RAETTAS, R 1Y
FERIFF AT HEZ R :D > B > C > A, BISRAEIERT > 38
JG B BEEE > BOGIERAY [H] > O A G5, H K (H AT
1SRG AB,C, D, , BISREEIERT 1.28 s, #OGIE
R [E] 2 450 ns, BO'G A BER A 157.77 m], 306G B fE
54 196.87 m].,
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Fig.3 Spectral intensity of the feed samples
with copper content of 509 pg/g at each delay time
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Table 3 Design and results of L, (4*) orthogonal test

SlE A B C D IR
(a.u.)
1 1 4 3 3 2478.93
2 1 3 2 2 3678.85
3 1 1 1 1 3961.73
4 1 2 4 4 2384.22
5 2 4 2 1 4313.83
6 2 2 1 2 3185.47
7 2 3 3 4 2461.58
8 2 1 4 3 2664.90
9 3 4 4 2 4189.95
10 3 3 1 3 2647.59
11 3 2 3 1 4024.09
12 3 1 2 4 2060.72
13 4 1 3 2 2980.95
14 4 3 4 1 4415.52
15 4 4 | 4 3367.14
16 4 2 2 3 2996.15

K, 12503.72 11668.31 13161.93 16715.17
K, 1262578 12589.93 13049.55 14035.21
Ky 1292235 13203.54 11945.56 10787.58
K, 13759.78 14349.85 13654.59 10273.67
R 31401 67039 42726 1610.38

LIBS Y it i N R AR 2, an e g {0 an 2500 e b
SRR | 2 ARG 0 45 PR E3R, DTS2 OG5 e A5 O,
DCTE MRS XS TR 5 AR W 5 R, X SE N 3R 25
P LIBS A g AN P, X5 AG I 3 o T AE S,
DAL T 1 AT B 11 Ak B0 A 5 19 5 5 53 B R R
HE,

R i B /N 3R X A TRl RSE il 1) LIBS B4 12E
AT53AT, IF AR PLS JLAili b 455 7 [R] s 80y~ i Ak
BRANAS[R] P04 B 536k S N7 (R A 3R A oA 2k , AS T e K
AP AR BEXT PLS BEH GRS 2R AN 4 o o

a4 rha] IR AR 9 s BOF-1 i, 58 1 ot e
R LLELF 9 R BRI r {H \RMSEP (ARE J3-J1] 3%
#]0.9879 .15.10 .8.24 % , A5 HA x3 Z50F- W A 28 o b H.

Vol.38,No.23,2017
AL
F4 RIFLREP AL BEXT PLS B TR R0

Table 4 Influence of different points
smoothing on PLS model quality

it

T r RMSEP ARE(% )
3 0.9896 15.24 11.43
5 0.9852 16.01 13.10
7 0.9866 17.80 9.81
9 0.9879 15.10 8.24
11 0.9820 31.12 11.32
13 0.9873 22.62 10.69
15 0.9867 15.36 11.08
17 0.9842 18.88 8.79

232 HKFhPALEETTIEXS PLS BERIRGSE w0 48
VU A BRE BRI AS SE 0 S, DA ek 2 LIBS B3 1) B2k
TRk RS TR SE 45 T4, O AT B A0 G SCik ™ xd
FEAS G 2 2 S0 AR TE (MSC) (AR i IE A5 28 K
REH(SNV) (B LA (MC) \— B S (FD) Fil —
T K (SD) SEWAL BT % . K 5 2 9w PR AL Bl
B A P A B 92 % PLS A% RUAS Y 2 4%, W 124 2R
JHIE AL T BRTT IR, 9 i~ PLS LAY pl A
sty LSSV JE R0 € R 2 ) £k 1 A O R R A, B
sy THUIN 4 82 R S R T2 22 [) F4) s 22 0 000 346 22 i 125
FLSLR PE RN AR 240 v RMSEP ARE 3 51] 3% 5]
T 09855 .14.57 .924% , 5 9 S FUr AL BEAH L ER, 9
SO SR r AL ARE B E 9 - 4 5 fE
AL PAL PR T Z O — e e vl IR 4518, 9
SOV AL BEARSS G, v LA R R AR MR 7 (5 L, 42
fe5 PLS BERI 50T LIBS Sl Zodhs (1) e P

RS9 RUFIES G AR BULL BT 50 PLS LR 211
Table 5 9 point smoothing combined with various

pretreatment methods on the PLS model

TiAbHE r RMSEP ARE(% )
MSC 0.9850 25.15 10.66
SNV 0.9850 2479 12.19

Center 0.9855 14.57 9.24

FD 0.9884 21.11 21.02
SD 0.9879 19.90 17.92

2.3.3  PLS @I AAIRIEGUE Dy T S R Cu
JUERMEATE BRI, SR 9 5 AR B PLS 78 57 A5
RUTFXT LG 45 R VAT E B o . R AR ARL 4L 42 4>
TRAHAE: dify FOTIN e 58 15 ISR SR Y PLS A IEASE SRR 12
A TR S AP ity U e JRE - B S Ak R ) T 0 A 25
SroaniEl 4Ca) 4(b) ol 4 (a) AT, RS Y T
I ZE AL R D Cu JEER & B U -5
BB 2 [B) B AR G R E3 531 0.9879 5 THIIARAE & v
Cu JUE & i 1Y PN AE -5 350 92 {E =2 [8] 7 AH O¢ 38 80
0.9963 , 4nf& 4 (b) fizs . 32 6 FIH 1 HlAE 12 />4
BHE i Cu JEER Y LIS RE AR R F5T 0 4 52 1 T80 AH
XPUR2E o 12 AT AR AL G B9 Cu 75 F0I0 S 249 AF X6
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Table 6 Prediction concentration and real concentration of sample Cu in prediction set PLS model

Be TSR B T e g ARE Be B T e ARE
(pg/g) (pg/g) (%) (pg/g) (pg/e) (%)

1 33.40 28.97 15.29 7 209.44 202.22 3.57

2 37.49 38.96 3.77 8 244.03 255.55 4.51

3 69.31 89.15 22.26 9 365.14 368.75 0.98

4 132.16 153 13.62 10 486.15 477.04 191

5 159.34 192.45 17.20 11 312.07 305.30 2.22

6 146.59 167.72 12.60 12 429.28 433.53 0.98

PRZZ K 8.24% , 3% 6 T 45 S I 7= T s 22 S5 A L B Sk

HCE R, FHTI i 222 B /)N 8 B B, i A R Dt DR R ARG vk
BEREAL TS Cu JGER B R/ FE A FE b Y
AR S VERE AT S IR 45 RAFTE AR 22 4 b
AT AR g T R R R L SR AT B W) T,
TR ST AR TR e, HLAT B B T

500 (a)
=0.9879
& 4009 y—x 529
E
= 300
£ 200
=
= 1004
0_
0 100 200 300 400 500
SR (ng/g)
5004 (b)
= 400 70.9963
?:f y=0.96x+15.14
& 3001
= 200 -
%= 100-
0
0 100 200 300 400 500
LR (ng/g)
&4 PLS LRI 45 5
Fig4 PLS model prediction results
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