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Table 1 Predict samples preparation
concentration(mg « L™")

FEA WIWEY EE TR OREA MW R R UEm
C1 0. 75 0 T1 0.17 0.62 0
C2 0 0.77 T2 0.22 0.52 0
C3 0.15 0.67 T3 0.32 0.42 0
C4 0.25 0.57 T4 0.42 0.32 0
C5 0. 35 0. 47 TS 0.52 0.22 0
C6 0. 45 0.37 L1 0.21 0.41 0.10
Cc7 0.55 0.27 L2 0.31 0.31 0. 20
C8 0. 65 0.17 L3 0.41 0.21 0. 30
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i = diag[A" X (BT "] (5)
b = diag[C" X, (A")"] 6)
al = diag[B" X. (C")"] 7
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Fig. 1 M-cresol eliminates scattering and correction before and after

Ex/nm

(a): The three-dimensional fluorescence spectra before correction and decrease scattering;

(b): The three-dimensional fluorescence spectra after correction and decrease scattering;

(¢): The fluoresceoce fingerprint before correction and decrease scattering;

(d): The fluorescence fingerprint after correction and decrease scattering
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Fig. 2 Before and after compression of m-cresol
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(a): The emission spectrum before compression; (b): The emission spectrum after compression;

(c): The fluorescence fingerprint before compression; (d): The fluorescence fingerprint after compression
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Fig. 3 Discriminant the number of components by the core
consistency diagnostic and residual analysis
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Fig. 4 Resolved emission wavelengths (a) and resolved excitation wavelengths (b)
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Fig. 5 Resolved emission wavelengths (a) and resolved excitation wavelengths (b)
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Table 2 Linear regression equation of normalized relative fluorescence intensity and component concentration

ELJE: P B0 1 T 45 50 22 S /s o W TP R — B A% A TR
RE A 14 T 40 R S 4 v A fi) T T R ) R

BEART RO PARAFAC SWATLD
EVEp:E LEES ml ) 5 12 LB
X 7] F gy y=0.293 3¢+0.009 5 0. 9987 vy=0.288 9¢+0.011 2 0.998 1
AmMT |] 4 iy y=0.271 4¢+0.013 4 0.997 9 y=0.257 6¢+0.019 1 0.997 1
N 6] HH iy y=0.313 6¢+0.001 5 0.998 9 vy=0.292 9¢+0.009 7 0.998 2
¥ |] 4 iy y=0.323 8¢—0.008 2 0.998 2 y=0.346 5¢—0.022 2 0.997 8
F 3 18] F B AN IE) 2 B A R B TR AR [ i =
Table 3 Concentration prediction and recovery of m-cresol and resorcinol
BEA T BE PARAFAC SWATLD
A /(mg+ L1 O e/ (mg « L DRI/ %] BN JE/ (mg « L™ DRI/ %]
(LTI EN 7 B [£1 7 Sy [i8) Y T i) 4 — Ty [ia) Y 193 [ 4% Ty
T1 0.17 0. 62 0.169[99. 41] 0.627[101. 12] 0.169[99. 41] 0.628[101. 29]
T2 0.22 0.52 0.218[99.09] 0.461[88.65] 0.216[98.18] 0. 466[ 89. 62]
T3 0.32 0.42 0.290[90. 63] 0.378[90. 0] 0.289[90.31] 0.386[91.91]
T4 0.42 0. 32 0.379[90. 24] 0.305[95.31] 0.377[89.76] 0.318[99. 38]
T5 0.52 0.22 0. 455[87.50] 0.222[100.91] 0.457[87. 88] 0.224[101. 82]
SRR/ Y 93.37+4.92 95.19+5.25 93.11+4.73 96.80+5. 04
RMSEP/(mg « L™ 0.024 0.022 0.024 0. 020
L1 0.21 0.41 0. 200[95. 247 0. 373[90. 987 0.217[103. 337 0. 365[89. 027
L2 0.31 0.31 0.286[92. 267 0.299[96. 45 0.298[96. 13] 0.311[100. 32]
L3 0.41 0.21 0. 364[ 88. 78] 0.218[103.81] 0.379[92. 44] 0.213[101.43]
SEEICR /Y% 92.09+2. 64 97.084+5. 26 97.30+4.52 96.92+5. 61
RMSEP/(mg + L™1) 0.015 0.013 0.010 0.020
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s 4 72 40 RE AT 2 25 BROG 1 20 U AR R L

FE R = 4k 2¢Ot Ot i ik 4 Bl 5 SWATLD Al

References

L1]

[2] WU Hong-wei, CHEN Mei-lan, SHOU Dan, et al (%, MiMi%, %4
2012, 40(11): 1747.

[ 3] LONG Zhen, GAMACHE Paul, GUO Zhi-mou, et al(J§

%), 2017, 35(8): 897.

DA B 45 5 T ¥ 5 22 (RMSEP) /NF 0. 03 mg » L7,
SH R = VOIS G S R E Rk e TR L A
KRB P B AR

CHEN Jie-xia, WEI En-ze, XIAN Qi-ming(JEi& &, F5 B &, # ). Chinese Journal of Chromatography(f81%), 2014, 32(8): 843.

H., %), Chinese Journal of Analytical Chemistry (/3 #rfk2%) .

¥, GAMACHE Paul, #i&iE, Z5). Chinese Journal of Chromatography ({4,



118 i 2% 5 61 43 Hr %40 %

[ 4] SHEN Dan-hong. LU Xin, CHANG Yu-wei, et al (L. J}41. % #&. % L #Hi. 45). Chinese Journal of Chromatography (ff,3{%), 2014, 32

(1): 40.
[5] XU Xiao-min, ZHU Yan, LI Rui, et al(#g/NE. & &, 2 &, Z). Chinese Journal of Analytical Chemistry (43 #7fL5%), 2011, 39
(2): 253.

[ 6] CAI Qing, WU Hai-long, LI Yuanna, et al(38 W, 2k, 270, %). Chemistry(fb2#@ ), 2011, 74(1): 47.

[ 7] WANG Yu-tian, LIU Ting-ting, LIU Ling-fei, et al(E %M, XIE8 ., X%id, ). Spectroscopy and Spectral Analysis(Jf 1§ 2% 5 % 1%
SME) . 2018, 38(4): 1171.

[8] LiYN, WuHL, Qing XD, etal. Talanta, 2011, 85(1). 325.

[ 9] WANG Juan, ZHANG Fei, WANG Xiao-ping, et al(E i, 3k &, E//F, %). Acta Optica Sinica(JE 224, 2017, 37(7) .

0730003.
[10] YU Li-li, WU Hai-long, FU Hai-yan, et al CFuiui, %% . ¥ #, 2). Chinese Journal of Analytical Chemistry(43#rfb2%) . 2011,
39(1); 27.

[11] YUE Zhu-feng, WANG Ying({Z X, F ). Journal of Beijing University of Chemical Technology * Natural Science Edition(Jt 5tk
ToR2E24 - HARBIEMD . 2013, 40(6) : 100.

Rapid Determination of Phenol in Water by Three-Dimensional
Fluorescence Combined with Second-Order Calibration

WANG Xuan-rui' , ZHANG Li-juan'*, WANG Yu-tian' , SHANG Feng-kai'* , SUN Yang-yang', ZHANG Hui',
ZHANG Yan', WANG Shu-tao'

1. Measurement Technology and Instrument Key Lab of Hebei Provice, Yanshan University, Qinhuangdao 066004, China
2. Hebei University of Environmental Engineering. Qinhuangdao 066102, China

Abstract Phenolic compounds are widely used in metallurgy, oil refining, machinery manufacturing, medicine, pesticide and
paint industries, but they are toxic, if not treated properly they will pollute environment. Water is the source of life, and the
detection of phenols in the water environment is particularly important. Three- dimensional fluorescence spectrometry has the
characteristics of highly sensitivity, fast detection speed, convenient pretreatment and tracing detection. The second-order
correction method can identify the interesting components in compounds. In this paper, three-dimensional fluorescence spectros-
copy will be combined with second-order correction method to test phenols in the water. M-cresol and resorcinol were selected as
the tested substances in this experiment, and they were divided into two kinds of samples: adding interference and without inter-
ference. The data of three-dimensional fluorescence spectra of eight corrected samples and eight predicted samples were measured
by FLS920 steady-state fluorescence spectrometer, and the data above were preprocessed: scattering interference contained in the
original spectrum was removed; corrected by the excitation/emission correction. Then, the spectral data were compressed by the
wavelet packet generated by db3 wavelet function, and the redundant information in the spectral data was removed through this
approach. The compression score achieved 91. 67 % , and the recovery score achieved 96.62%. Then two second-order calibra-
tion methods: parallel factor analysis (PARAFAC) and self-weighted alternating trilinear decomposition (SWATLD) were used
to analyse the preprocessed data qualitatively and quantitatively separately. According to the results of consistency analysis com-
bined with residual discriminant analysis, the component number of samples without interference was chose as 2, and the sam-
ples with interference was chosen as 3. Qualitative analysis showed that regardless of the existing or inexisting interference,
these two second-order calibration methods all could identify m-cresol and resorcinol in samples accurately. The fluorescence
peak position of m-cresol and resorcinol were located at Ao, =298 nm/Ay =274 nm and A., = 304 nm/A. = 275 nm separately.
The quantitative analysis results show that the average recovery rate of m-cresol and resorcinol reached 93. 37 % £ 4. 92% and
95.19% +5. 25% respectively by PARAFAC without adding interference and under interference, meanwhile the average recov-
ery rate of m-cresol and resorcinol were 92. 09% 4 2. 64 % and 97. 08% £ 5. 28%. Under the same conditions, when we chose
SWATLD , the average recovery rate of m-cresol and resorcinol reached 93.11% 44. 73% and 96. 80% £5. 04% respectively,
meanwhile the average recovery rate of m-cresol and resorcinol were 97. 30% £4.52% and 96.92% £5. 61% respectively. The
root mean square error of prediction (RMSEP) of the two methods are all less than 0. 03 mg « L', The experimental results show that
two second-order calibration algorithms: PARAFAC and SWATLD can all quickly and accurately test phenols in water when the fluores-

cence peaks are contiguous, and the spectra overlap seriously meanwhile there are interference in the compounds.
Keywords Three-dimensional fluorescence; Second-order correction; Phenolic compounds; Wavelet packet; Average recovery rate
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