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B P E E AR (GB 31650—2019) H1L5E AY M 14 R P 1 25 24
WA YT E PR ER K 0.01~1.9 pg+ mL™', B
A A S ST R 2% T R T 1 STk HR v R B e G 1
TR FTASJE DA AL S I A 0 5 R o AN 0 e 3 e B i) B S 194 A
W6 RN 43 BERE 1 R R G TT R TS

NI AT ST T A U T SR D R O R T A A
D5 s Ay BT T B R M B i VD B Ok BE AR 8 BB B 1] B
KRTF 10" pg e mL™t, BI 196 RO /NG BE 3 S 70 L G &R
51 F186 BE ] B AR /N F 100 pg » mL7", BI 0. 0100 JFJR I T 45

RUERMBTT . EZEMOETEN WA 1 PR B x kg &
B R o JEE [ ) o R 0 A2 [ S R R AT A I F T R B K
25 GTE g . SR Z2 R AR 7 5 B0 v b B i 221K
G N0 V4 3 g TR A B B T 5 LRk 52 AR/ R 1 i A R D
B EWOREAS & R i AT AT PR AT IR R ST R TR iy
BT R R R AT E R PO, SR 0 e R I T
o e BV B 7 A 12 BN B R TR B R AR
Tk IR D R I (A SIURLAE YR B2 /N T 506 (B 510" g« mL D)
AREREAS: T+ 0% W L /DB JEE AR A 1) ] 4 BE5K . I HLHAE K
R R B B AT SR A T ) A A IR U B T K
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il #WE5E . O JE SR R AR R SR AL S R
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S BT FH Y R D L (CAS 70458-96-7) A9 T ( |
W) A PR 2 7 W 3K . 324 By K (CAS 9002-88-4, i &7
40~48pm) WL F VM BB R (L) RO R A . H
T AN B 8 R B A AN ) % 4 A o VS VA S T AR A RS
IREE R BRI BT O B R L), 2 T v i VD R T AR
AR HEW) B (GSBO05-3338-2016), ¥y 100 pg » mL~1, #
FEdE 1 mL o« 320, W ILAR it G AR BLRS 4 0. 2 mm,
1.2 #HARGH&E
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FRIUER 43 i 0 IR S RAE TR th R B 2 )5
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LR EE

Flowchart of the experimental process

&35t JKAEREY 3 min . B KA EHKAY 13 mm, &
BEAE 1~2 mm Z A, FEA B BT 200 mg, 43 il & e B
5%, 15%, 25%, 35%, 45%, 55%., 65%. 75%. 85%.,
95 % 1 100 %6 W HE R BEA . il DR 25, BT RMIR
GYRER A O NIRRT, L 99 MESKBEREAR, 2 1 R
43 BURE IE B R0 4K
L2.2 &AMEHKGHE

R T b v VD BV R Bk B AR ME W) i (GSB05-3338-
2016) M HF W, B B A5 3] 29 A4S/ BB B ¥k BE (0. 001, 0.002,
0. 004, 0.006, 0.008, 0.01, 0.02, 0.04, 0.06, 0.08, 0.1,
0.2,0.4,0.6,0.8,1, 2,4, 6,8, 10, 20, 30, 40, 50, 60,
70, 80 F1 90 pg e mL- ), MR WA BRI R L
P A Y3 n ) B €0 TILARE it o B 58 BARE A ) 2% KUK 58 BT
AREATIAE . FEDUEZHIAE 9 DAEA . 3 261 S E/NBh B2 A
A i 20 1 R A3 e T B R 4
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A — DO EE  BMAMENSEFSAEHRES, B
INBREE S5 B2 H I A IR S b (ES
1.4 SHRBMSHBEE

W55 76 30 ps ST B Z, LA 25 B A4 i 75 T =
S5 S o AT I B AT DL L A 4 (FFT) 45 3 #E A
AR IR . HR4E Dorney™ ' F1 Duvillaret ™ S48 H 1) J7 34 31
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B LA FRAE AR % . 2 0 46 1k [ I 3 A7 b A A% T 43 AT
S KA b B 5 22 (K] 4 %8 7E Matlab R2018a 1 Origin 2017
58 A
1.5 #EEEH

FIHIAR 2 280 o A HE Y 7 AR 22 (RMSEC) F 15 I 24 77
3% 22 (RMSEP) S 4 455 0 () P g . P AHSE R 8 » %
R OB IEAH 2 2280 Al R, (CFUI AR 5¢ R B0 o FUM 35 57> 23R
R A TR B TR ) A TR i EL AT v R T R O R B (RO FH T
A RBCR,) 5 KG9 A HE 35 J5 AR % 22 (RMSEC) Al 1 il AH 56
FE(RMSEP) , AR IERL R 1Y A8 8 PE . 18 W % f/iiE RMSEC
1 RMSEP 8% /MW 22 5.
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2.1 HBEBBKHEL LRI LER DT
2.1.1 BRMEZERVEZMNTLR

W 2 Ca) T 78 2 B0 R A JE 1 9 U0 B2 v S ) o B 10 A A
P R AT B0, BT 0.4 THz #1i T° 1.5 THe
115 5 15 1 bk (SNROARAR , BT LA Kk 0. 4~1.5 THz i
HEAT G SL AR 0T o AR SC R B 4l 1 3 SR VD AR AR AE 0. 816
il 1. 205 THz 445 I U, 15 Long 4 Kl Y 0. 825
1 1.187 THz K Redo-Sanchez Z&M) 46 9 %7 0.79 #1 1. 19
THz #if . —J7 i, WAL A% 3l T GRS b A 5l i J50RL K
NG s 53— J7 1, L A] AR R D v SR B R 2k 25 S R
et (XA S [R) 3 T K e 0 7 1) /N AR Bl o 5 el W R AT R B
Pl ] LAk BERE A8 0D R R B S, R R B, O
LR R Y BN B o 3 I SR R A A R B Ak
WA HECR . BRI HY BB T 500y af e, 1R
ME K IR WS U ) AT . DR R TR R SR 0 U R D R R A
VR 018 B A S X R A 2% D16 3 11 WSO b, DT 1A B ) R
9 %% I O3 #5711 £ 8 R D B B

B2 KX#FZEREERHTHE
(a) s BRBEEEW U B 5 (b BB LIV 2

Fig. 2 Average spectrum of terahertz absorption coefficient

(a): Larger gradient Norfloxacin; (b): Smaller gradient Norfloxacin
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R SN B A B Y 1 TRV B RE AR R AT KR 2% 00 1 Il i
PG H R BF2ZWRE . st E 3 i, S-G I G
B 3(h) TR o 1AL B BY A 58 -7 AR YE Ak . R R
F D B A R AE R 04 (0. 816 Al 1. 205 THz) #E 17 £ JT 4k
P [T A A 5 N . A5 8 AR G R AR R, R0 TN 4 7 AR 1R
2% RMSEP 435124 0. 941 1 10. 84 % . 33X I % B I I AH 6 &
Bogses . BB T 0.9 UL, B RMSEP Wh#m . AT i —
A B v B ROM B T SR R I TN R, AR B 5 2 iR A A D
0 ] 9 B3R SR 38 20 [l VA 07 12 G BBURRAE A8 4 X BRI 11
ANBRAE AF 7 (0.412, 0. 443, 0.557, 0.633, 0.786, 1.106,

1.221, 1. 251, 1.411, 1.450 F 1. 500 THz), iX B (% $4F 25
IR T H Z2 m Ik, A 3 RO R S T 2 0
Ko SRJE HEAT Z2 04k Il A 4 B, SR AR OC R BL R R
¥ iR 2 RMSEP 430 2 0. 962 Al 2. 7406, W4K, A& %
1 5 3o AR 2 1Y) 22 0 2R P A1 09 e Sy (9 4 R L R R AE 06 22 00 4R
PE A g 7 A RDRS B B . R A3 3 T4 = . RMSEP FEAI%,
XU B R A 4 M TmT A i T L 4 ik B R R BOE 2 3R A
B B AR WA B i R, Al IO
BRI BLE . T B AR G, 00 U R A 0 X B
AW AT B — WIS BR o 7 38 8 B OB B T R B
TG TG B, HE— 25 PR AR R 005 25 5 3% 20 4 1 Il B 4
A0 it 1) 22 TT A T A A T A R B S R D R VR B, X
Bf R.=0.989, RMSEP=05.72%, & 8k 10 AH 3¢ 2 5048 &
T IRV B T AR R ZE AN T

3 K#FE R FR Btk
(a) : KRB B UE MBI s (b« KRB RV £ (SGIRIEE) ;
(o) BN BEVE YD B R IR B 5 ()« B/INBE BE R0 B2 (S-G IR MR
Fig. 3 Terahertz absorption coefficient spectrum

(a): Larger gradient Norfloxacin (raw data); (b) . Larger gradient Norfloxacin (after S-G filtering) ;

(¢): Smaller gradient Norfloxacin (raw data); (d): Smaller gradient Norfloxacin (after S-G filtering)

FIRT SPA 36 14 48 5t X B R b B2 v V0 R AT AR
T o> M. wE S R R, s T SPA B F I, SPA
MLR 2 fp 2 i 5 — & 51 B 52 22 B U7 R iR 22 (RMSE) . & 4>
1o A R AT 2 BR8P — S ERAR B RMSE, 3 B X
A~ RMSE A2x e fie /Mg RMSE Bl k. B 4(a) B8 1l 5
SPA B AR R AR . B AT LIE . 2 SPA BEHEHT 5 4

A GERf, RMSE i % 3 09 B AR, Bl & 2 5 48 & A4 5o .
RMSE {4 Z ¥ i /). ik 14 A48 B, RMSE ik 3] 7 3
FUH(RMSE=1.66%) ., &4 & d, R4 RMSE Hi £
FETE— LY gl , (28 A0 2 BU A 25 A8 B 19 15 i RMSE i 46 °F
R R 3 . TR KBS W B AR A, SPA #4819 14 4
A ANE 4(b) IR, SPA BE BRI AR & 43 3 F /N I O JE ARl
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(0.764, 1.000, 1.053, 1.098, 1.144, 1.311, 1.326,
1.349, 1.379, 1.402, 1.425, 1. 455, 1. 478 il 1. 493 TH2),
FATABAE 1.205 THz LR A 5 4284, 1. 205 THz Ll 47
TE 9 ARG, KU B A AUE BRI 3R K £ 40 A A8 B8 K R

JEFE . SPA MEFEAYAS HEAY £ ek pE I3 45 5 o8 R, =0. 992,
RMSEP=5.52% , B SREEIRORS B4R w0 T o (HJ2 T ¥ 7 MR A%
ZWHERT .,

4 SPA &
(a): WEHZRE RMSE; (b) . 1A 28 &7 &
Fig. 4 Variable selection SPA (Larger gradient Norfloxacin)

TE(RXGEERDE)

(a): RMSE graph of the number of variables selected; (b) Location of selected variables

BERM 1 900 B A A R 2R 1, & 2P Il ) ik Ay
G A 22 0 2R 1 ] U A B A R RCR e A, TR AH o6 R R,
=0.962, RMSEP=2. 74 %, 1% T 75 AR 3E T W0 AH % & %L
FIRTHR R . R EHREIE RMSEC #l RMSEP 1) 25 {8 it /)y i B
R ELA O RS E M o XU B O 2% I O 3 R T A AR
BERBREE VR 2 . TR AR B A R I A @A A5 R (R,
=0.867, RMSEP=16. 6%) 133 T R kM3,

F1 RABEERDVEN MLR BEER
Table 1 MLR modeling results of larger

gradient Norfloxacin

77 R B R RMSEC R RMSEP
5k N5 ¢ /% ? /%
R AE I 2 0.995 3. 44 0.941 10. 84
iz lH 11 0. 996 1.62 0. 962 2.74
Z’i“ﬁ; 13 0. 999 1.76 0. 989 5.72

SPA 14 0. 999 1.58 0. 992 5.52

2.4 BIVGEERIVESEERHAEEEEMR

T i — 2GR ST /N B ) B A R VD R R 0 A
A, AR SO A TR B R SRIEE /N F 100 pg » mLT Y
29 AN BE W BE X/ INER BE I D R AR AR R AT T
i, BRI 3(o TR . 4 SG NS I 3(d
7R WAL B A 508 TS0 AL AL, i SRk kAT A
Y0 B FE, A U O YD R R AR 1Y R AE 0 (0. 816 Al
1. 205 THz) #4722 70 4% 4[] 9 1 450 390300 /0N A B it R 10 2 G
KRR E, WM E R AR, 435 0.590 F1
0.307, BB RBERHE, TEEH TR/IMEHRDE
PR SR B BT OGRS T & 00 R AE 1E 1 B A R
o AT S SRR A 0 AR AR R AR L 2 5 T SPA Bk i I

AR EEAT HEE A3 T, SPA BEEE T TG AL & (0. 496 AN
1. 77 THz) , FIF K P78 1 #E 47 22 50 2k M [l ) 2 452 000 %
INEREE Y BV WO R, RATM B RO R, 4 B2
0.485 F1 0.472, KB AIRRE R, RAH 0.472, BAIZY
BARRAHAR, X 0] fig S [Ny SPA B3k A& A T 85/ b
FEWRY RS ROR R, i) SPA KRB REAA
RIR v B A5 S o B e A 328 25 28 1 Tl 05 o TR AR 3R 47 22 JT 2R
P A, %5 R R H] T 10 A4S RRAE2E & (0. 565, 0. 610,
0.641, 1.335, 1.762, 1.793, 1.862, 1.892, 2. 152 I 2. 228
THz), @ BN R, R R, 435 /2 0. 859 F1 0. 728, 3/
VI TRV B A AR SR AN 2 TR . T AR A HGRR A 0 2
JCER PR BE R SPA By Z ou 2 M Il 13, &5 et [l A £ ot
2 T T A A S SR R B T et LR TN AR OG R Bk 0. 728,
TOO X 5 MR 25 O 18,79 pg « mLT o 33X U B OROB 2% B 40
Tl AR A G AN B R TRV RV R T RE TR . T Bk
S RETHFEL.

R2 BNBEERDPEN MLR Z2&KER
Table 2 MLR modeling results of smaller

gradient Norfloxacin

AR A RMSEC/ RMSEP/
WIREN e ¢ (pgemLhH " (pgemLhH
R AT I 2 0. 590 34.5 0. 307 10. 85
SPA 2 0.485 23.50 0.472 24.07
% [ 19 10 0. 859 15.18 0.728 18.79

SVACSR L . IR 22 I 8 0T 1 R AR Dy — iR 2L A TG 5 A
DEEA . PR B MU A8 SORR . ELRE B T4 B A A0 4 4
e MLAERBTIZ BT T A R B E M E BT R AR AR .
AR R 2 A
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(D X TR ERN, —RAARIFOREE; (2 X
TR AR AN L G A 2, R XY A W e A T o
[ [ 5 bR (GB 31650—2019) B o A4 ) 25 75 5 55 R Ml . 37 2%
Ak, [ P AN I BIF T N B AR AN IR 3R OB AR O vk .
AR AT AR 4 B ST S TR B R . X
R AR W5 0 A 5 ) 22—

3 45

o3 3 AR BE (R BE & 51 Rk BE [R] P 29 K F 107 g+
ml s /I L00) TR BRI AF T AR T I 5EOME A AG U R Y
BN E A BE 22 50 R JEE (B B 32 /T 100 pg + mL ', B
0. 01V W R Vb B A BFFE X 0 il i Bt b SE 0. R K
58 22 PR 38R 01 3% A P T A 4 L T R VD B ARG T T . R
B LV U0 R AR (R 23 e R B A 1 v SR B R AR AT
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Study on Norfloxacin Concentration Detection Based on Terahertz Time
Domain Spectroscopy

BAI Jun-peng' *, LI Bin'* , ZHANG Shu-juan’*, CHEN Yi-mei'
1. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China
2. College of Engineering, Shanxi Agricultural University, Taigu 030801, China

Abstract The unreasonable use of antibiotics in poultry breeding has led to the frequent occurrence of antibiotic residues in
poultry products, affecting food safety and posing a threat to human health. Therefore, accurate and rapid detection of antibiotic
drug content is of great significance. This study successfully carried out larger and smaller gradient whole content detection of
norfloxacin This study successfully carried out larger out based on terahertz spectroscopy. First, in the samples of higher-
gradient norfloxacin, 11 concentrations were set in the range of 1% ~ 100% to complete the preparation of high-gradient
samples. Then the time spectrum was scanned by the terahertz time spectrum system, the absorption coefficient of the sample
was extracted, and the Savitzk-Golay(S-G) binomial fitting filter was used to remove the noise and smooth the spectral data of
the sample. It was found that the absorption coefficient of pure norfloxacin had a strong absorption peak at 1. 205 THz and a
weak absorption peak at 0. 816 THz. Finally, stepwise regression and successive projections algorithm (SPA) is used to select
variables and combine the characteristic absorption peak to realize the prediction analysis of multiple linear regression modeling.
Further, in the study of smaller gradient norfloxacin samples, we set 29 concentration series below 100 pg « mL ™' (0.01%) to
complete the preparation of smaller gradient samples. Then the terahertz time domain spectrum was obtained, the S-G binomial
fitting filter was used for data preprocessing, and no significant difference was found in the absorption spectrum of each
concentration. Finally, stepwise regression and SPA were used to select variables and combine the characteristic absorption peak
to realize multiple linear regression modeling and prediction analysis. The results showed that the multiple linear regression of
stepwise regression selection variable in the higher-gradient norfloxacin sample reached the optimal model (R,=0. 962, RMSEP
=2.74%), and the accuracy was better than the existing optimal prediction model (R, = 0. 867, RMSEP = 16.6%). The
multiple linear regression model of the stepwise regression selection variable of the small gradient norfloxacin sample is optimal
(R,=0.728, RMSEP=18.79 pg *+ mL™"). This method has a certain prediction ability, but its accuracy needs to be improved.
In this study, terahertz spectroscopy was used to detect norfloxacin in full concentration, which provided a certain research basis

for exploring norfloxacin detection limit and other further studies.
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