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Abstract: With the increasing severity of water environmental pollution, there is an urgent need for rapid
and accurate detection and identification of organic pollutants in water. Three-dimensional fluorescence
spectroscopy technology, which provides rich spectral information about pollutants, has become a hot top-
ic in the research of pollutant identification and source tracing in water bodies. The current methods mainly
focus on deep learning based spectral data analysis, which requires a large amount of spectral data and is
difficult to promote on site. This paper utilized three-dimensional Excitation-Emission Matrix (3D-EEM)
data and proposed a method for multi-classification identification and precise component fitting of water
bodies based on a combination of two-dimensional Gabor wavelets and Support Vector Machine (SVM).
This method effectively extracted texture features and peak positions of three-dimensional fluorescence
spectra, which improved the efficiency of water sample component analysis. Here blank subtraction and
Delaunay triangle interpolation were used to reduce background noise and scattering interference in spectral
data, and spectral fluctuation interference was suppressed by extending the Savitzky-Golay smoothing ap-
proach. Subsequently, texture feature information of 3D-EEM data and global information of three-dimen-
sional fluorescence peaks were extracted using two-dimensional Gabor wavelets and fluorescence peak ex-
traction methods. Finally, an EEM_MSVM model based on MSVC and CF_MSVR was constructed to
achieve high-accuracy classification identification and component prediction of water pollutants. Experi-
mental results show that the classification accuracy for water body types is 97. 6%. In terms of component
prediction, the Root Mean Square Error (RMSE) loss is only 5. 3, with a correlation coefficient of 0. 94.
This effectively achieves accurate classification of typical water bodies and analysis of their components.

Key words: three-dimensional fluorescence spectroscopy; fluorescence component spectra; water body

identification; source tracing
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Types Label Number
Domestic Wastewater DW 1200
Rain RA 600
Surface Water SW 900
Pure Fluorescent Groups PU 240
Total 2940

(RA) HAE TR A 7 R A0 T0 I ol s 3 428 37 5 ke B9 I
B I I, b K (SW) T B 22 B AR 250K TR
HHLY R, aive e R (PUMNER T EE 5 EH
A RWMA N . I, & ROk RE 1 5258
fIE 35 W 5 B A B USR] XA Ry s 2K iR
PR B8 T LA .
2.2 WHRKXIEWME

HEAT = 450 3 0 R, S A G T A 1
5 0. 45 pm B LA 58 B A SE AT uE .
B e R A BR A Y F98 98 S i A kA7
% 0K Ex % B 250~600 nm, 2K H
5 nm; & 5 9% K Em 4 250~650 nm, 2 K 1
nm. & M 56 R B 4% YE BE O 1 nm, F A
J 4 12 000 nm/min, #4 25 (PMT) 1 JE % & N
750 VO REATCE T 1 emX 1 em X 4.5 cm £ 925
AL, 28 KRR 2K . 260G X
G B — A FEAAG BN 9 3D-EEM i # |, 4
WK - S R 7S SOk K R 401 A R S
KA R, ¥4 B 71 < 401 B8 40 1
2.3 HiEwmAIE

SC BRI AR F A = 4E RO Ig S SR &
A5 R i ) OSSR BT S RS A A
T I P iR B A A, R A A T A I A O Y [
BEICAT T, ARG W00 235 5 1% o 0 o R mT L A
IE S 22 AT AR . A SCE R A H
B i 3 A D 2 S LUV VR B T S IR R R T 2
B o R T R AR v B RS PR ZE R O i R
2R, AT T L= — 4k, f 2 13— 42 s
o SR )5 A H Delaunay = f1 & N 4 v iE — 2240
i)t 1) S AT A O

A
Ay}’:J IAMd/{em’ (1)

Ao
FA(X,A,,,,,(RU):%, "

P



1630 b=

K TR

33 %

Horr o I 2 & ST A Kb 7 2 0 Y D3 A T iR
A SRR TR EE BRI 5 A FH AL, 23 30K
RS PR BRI 371428 nm, A, = 350
nm 78 K 56 I I K S 350 nm, F 2 i 8
—AbJE P ETR I, AU RoRF BB, RU FRoR
L & B,

Br 1 R SRS T AN PO E B iE
WO PERE G A AP R AL R S K 2 MRS R IR T
PRI A5 09 REE CHEMAREEFER R, AL
4 Savitzky-Golay (S-G ) U I )7 &4 & v e =
A ¢ O Ot 1% B b, DLSE B BE L MR S Y
E11 R

Savitzky-Golay 38 Al 7 -

n_on—r

Z,,= ZZarz"’ys, (3)

r=0s=0

For e My 3 AR A AR, Z, o (e, ) AR ) R

Data preprocessing

'« Deduction of blank
1 * Remove scattering
i * Raman normalization

Fluorescence map

B, a HIUG BB A SCRH 48 S-G i xt
SHEBGETE HEATRE R AL B, Z I S H e N
3,88 H RN m, p ¥R 11, B8 T Ak B AT S A9 8%
BN HRERAES. 1T
2.4 ETEEM_MSVM R # 4 B g9 ¥ 22
A KT =S B A T EEM
MSVM B AR Z AR ] ] — 4k Gabor /N4, & 3
R 1) B ML (SVM) Ab B = 2 56 % O 3% 5095 (3D-
EEM). B 5EXf k&£ KF K 3D-EEM i 17 25
SRR 2 M 1) B0 Ak B 9T Ak B 1 4 ot
PARAFAC 43 #1 , 15 H 2% 4 43 B it F,, A28k
W B Yoo B NEH DB F, K
K3 Y, FlKRE 2 5 W A b A 001 G bR 2 ik
T3 7K B2 25 B MSV C 1K BE 9256 21 J3 10045 A
B CF_MSVR Il %k . EEM_MSVM #5 74 ) #
14 3 P R P AN 1 1 TR o

Spectral

* S-G filtering

}

PARAFAC Results

«Number of
fluorophores

«Map of
fluorophores

»”| preprocessing

'

Feature
extraction

Training to get
classifier
raining to get
recognizer Pollutants
result

Train Test

BI1 KA BTG G U0 A A i e 1]

Fig.1 Water body organic pollutant identification overall process diagram
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Fig.2 Rapid detection and identification process based on three-dimensional fluorescence spectroscopy
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