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(45 20 53 W0 U 1 s PRI, DRI L ) = 58 SO () 4 W JE S TR B2 . Sy T B T T M 1R DOM 11 4% 41
Sy FEAE, OSP4T B F (parallel factor, PARAFAC) 43 #t J7 ¥ 8% v F F fif At DOM 1 % ot 63 . Al H
PARAFAC 4381 77k, AT LA = 4E5¢ ik I i S U AR Rl 2 62 45, 31T 10 DOM Has 41 43 Y
VS 5 RRAE DA T A KRR B gk A T U PR X SIS A A A R s, B B R AR P
LIUY R H = 4E 56015 F 13C B4R 3, S8 40-07 WG A5 Jr v, XF i 3 Fh o8 S Py 1 4= 38
A LT (OM) F1¥ ff A1 LT (DOM) (14 4k 2% P A7 T B 58 R EL 8, 038 T X 130 19 52 i
CHEN %50 5 T3P 557 3% A HLT T DOM Z [ Ak i 2 G &, WSO T IR i, (i 28 41 0T L 53k
6 BEVE N9 o YO FE R AT A A 4 . R4S B N MR 2 8 58 TR ¥ 3D-EEMs 5 PARAFAC 73 #r
JEgEs, BT HTENA . L& 3T DOM (3K R4 8, AH S A 458 R % 07 2% Toll
Bl IX 75 7K b BT ) ik 7K R 454 3 T2 BE Y DOM. 1R 17 380 BT 5%

AT 5 3 O Tl el X P 8975 K AR BT R BF X 4, SR AR AN - T Lol DL K = 4k 5e St i Xt
1A HE K B AL B4 T A B K FEIEAT TR, 25 & PARAFACHE ST T 5 /KT /KR v 2335 4y
YRR RN, e S % K B S BN 45 21 53 16 56 6 BE AT T AHSCHE T, PR T s K )T b B
5t X DOM YRR sl R, DU s /K T R RRAE 15 Y i A BEASCRPE M S i 555
1 MB5ER%

11 HARESKHE

FE T BE A Tl FEl X v, &k T HE R A5 2K B AE 20 4ol 9B TS K A 3 R e b AT AR B, 2
KK BT A B B X5 K A B AN A AR E S, BEHEARE X 5 K b B i — 20 AR B, T Tk
XAE T A =iy = i A 25 £, T A5 7K Ab BT 7 HEaK K BT b A 2 4% o 2 Tl X35 7K A 3 2R BRI
YL PSS A A B T 2, H T 20 AW 1 FioR o ASHIE 98 78 bl IX 75 K AL BT Bif A 0k 7K 45 3 K
AL BT 2 BORRE B ORE VB3 AT AR, T 0.45 pm B8 BREAMUE S FEAT AR SR DU AN A3 A,
BRI K FE A AL 2 75 A (COD), 2 & (NH-N), HL 5% | pH., % i PE 45 HLIR (dissolved organic
carbon, DOC), 2£4h-1] WK Y3 (UV-Vis) Fl = 4E2¢ 661 (3D-EEM)!,

NOE! - EREI sats S REELTENL

i1, 1 Wk e | ERRE TR RN T | T e e
e BHILE fRALEAL I R i A0
ﬁ%%%ﬁlé%/k | pikisieiki [ [FURRELATIBUR R VerK | memkRe

1 RiSKLEB TZRE
Fig. 1 Flow chart of a sewage treatment plant
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JK 5T 2 B N 2 R ORI K W 20 A i ) U2 4T, COD iR PRt 11 figé 73 ' 6 125 (DR
6000, Ay, SE[E)ME, NH-N R REGHRDEE R (Lo1l, EilgdE R RA R, i)
MAE, 53R SR (DDS-307A, f#E- BB RIS A RA ], PE) W&, pHR
A pH 1% (PHS-3C, B AL B A8 By A R R, ) il , DOC & ] TOC 73 #r 3 ik
(Multi N/C 3100, HSZ a8 Bedi 22w, Fa 1)
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1.3 ESM-AT LR U S 1 I E

T B R 8 FH 28 - R LG AG I 2% (SPD-20A, 853, HA) I £ 4h-n] Wi . HAlik N
200~800 nm, KFEE T 1emxl em BA L @I, DUk IS, WKFEATESEW, &
Lnm 2501k, DAAS 808K FER LRIt e . o, WO 280 (D) 115, HIEBR 22 sl 1
JEHUS, TR IE BT, B E T ik =L (2),

o' (1) = 2.303A(1)/L (1)
a() = o/ (1) — a(800)/800 )

KF: o) WAL IERHB R AERIERE, m™'; 4Q) MK AL IERROLE; L Rt
FEHAL, m; a(l) NASKIERP AR RS, m™; «(800) k800 nm AW IX R %L, m™'.

Ve 0(280) 103 E (W AL 0 AR B, u(355) 4 2 28 68 7 R 2 49 # %o vk B2 U DOML 4 4
F W R AR S8 (M AE) 35 250 nm A1 365 nm &b W I Z 20 LA, BT T4 55 DOM 1 43 7 i it
MAEMOK, 4y FRRE/N, [, UVAL, &3 DOM 7E 254 nm J% K F YW I 2 805 DOC & it ik i
B HE, H HR 78 DOM B9 05 1 .
1.4 ZHRFRIENE

i 26 65 oG BE T (F-4600, H oz, HA) K KREAT = 4E0 60615 . M2 R, #5758 24
s B, LADE D N RGN X 98 iR B s ma P, DG 4l R 2s FUREAR . (XA EIRCR T 150 WikT, ot
I A3 38 45 | R S 700V, S B EE R 2 400 nmmin, 3Kk B K (Ex) B 200~500 nm, & 5K
(Em) } 200~600 nm, A5 S5 3490 5 nm. A1 emx1 cm PO % % A 9 4 L0 R AR = 4R 58O
BRI BR 2 REAR OIS E 5 DL R BRI BT, B IR LI AR BT, Ab RS A RHE AL Ak
M5
1.5 FITEF S

FEE 1T PARAFAC 43 BT B, i e 0 A A O B 4, LR L B I A R il %) 2 T80 5 0 B 1)
Bto N TR T @B AR IGE, TR LR P A, 5 RE SR AR AR R S A AR A B
SR R AR i (FTAT 2838 2 7 MATLAB H ¢ %% DOM fluor T HL4f 3K 115, 7 MATLAB R2018b 5 {
(3% B Mathworks 23 7)) T | ] PARAFAC X = 4k 2 SRR A2 A7 e . e foff P 28 4 e/ —3fe ok e
AN ST 5 R AR 1) B 22 7 N, — R B S BE B R Ak O — S ST R BE A — AN AR 2 A B, st
(3) Frt,

Xijk=Zainbjnckn+€ﬂeijk,i= L Lj=1,---,J;k=1,,K 3)

A Xy RAPEON N BISETT I XU*JXK) B9 1A IEER, R kEdh k7RO DR i AR TR B j Ak
DGR s NNHITEG a,. by, Fl ¢, & XY 3 LR THRE M A (IxN). B (JXN) Hl C (KxN) 7T
R ey RARBIBRURLG 1 =10 B ZE B E 1 — oo R,
1.6 KIEFEMKESHEZHS Fmax FHEX M

K H B2 R AH T B X RE A Y COD . NH,-N, pH. HL 5% | SUVA,,, 545 i Kotk
J (maximum fluorescence, Fmax) Z [A] ) 5 2, Fi-Adi FH SPSS A4 #4748 1143 B,
2 #HR5iTE
21 KESHSH

AT iR AMEE, Wik, K EBENKESEOARR. Ei5KeE) h, &8
BEHKZRAT MRS, BRI . KRR . IREETIIE . A0 AEY AL | Ui



N

1241

N

o /HUML AT LI

KPR NLYY . &R BT IR PLRR B R A 50 5 A

=,
5]

AT T Mk i Tolk bl X5 K A IR 5 )
HEF,

51y

¥

=]

ROR

Zsfr

BT RS, SRR IR RN Y, TR KR IR AL Tt s

;

’

Z
15K AL BT

RAWE: BT

JK A 3 T

<t
R, =W

zend

41
%

Ak S A B 0 i R AR DT TE M 2 T 2 BE AT A B, IR A T2 B R AE, WSS /K Ak 3 ok F vh ok i
SR ASALERE . VoK) & FEKE B AR B T 2 BRI S BN B 2 Fros o 7E TS5 K Ab BT %%
T2 B, WA RSN pH7E 6.15~7.85, KM R HE; MELE T AT, COD{E, NH-N,

DOC, SUVA,, ¥ 5 %

i,
;

%o ATIITTITEEINNNY %5 3
2, AT 25, 2
5%, T Y 7%
eSesd & SO @N@w&%
) = MY %%

A HIHHIHITITITITMY Sw%W@ =
SN\ A&fw%
SN &%@
AN Q%W@

AHMHIITITIIIONY - MW

o~ O N F N AN~ O

nsE:
AROLMOMMIN

_H
SN\
AHHHHHIIINNY

S ONNNNNNNNNNNNNNW\

A\

(d) AR TERIAKAE A B B

A I

(b) & HEKETEAIKAE IS W BEANH, N

5y
® ™~ 0 Wt oA = o ¥

Hd (w. Sw. 7/ vANS

A ¥ M

S oF IO SE

= SN\ Pt & TN

Al SO 7y, o B IO,O,RRhHS

= I % ﬁ s JLAITITTITIIIINIRY

= SN e Zz AN

i IIrIrss %ww = I IO IUTéTé;couasssy

4 SIS 7 i) IrOrUrrs,r

v} ._.--S o IO,

I AT | 2 X IOUOUOrOrrRrRORE

& SOOI 47 = I 4

= SN 7 & A\

= SO > N\ G

e ———— = ————
s Essszgg° ¢ SENEENEEIE
<t (=] (=)} [ = < N —
(1+ Bwyaoo T o gi)sks T (1- Bw)Hoa

() %3 A EFRRUKAL T 4% B E2HUSUVA,

5K RHKEEMLIEE T ZERKREH

il

s
<
1

2
Fig.2 Water quality parameters at sewage plant inlet pipes and treatment stages
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Fig. 3 Three-dimensional fluorescence spectra of the five components
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e, iRz aimwrsy, Hd cl, 2,
C3 443 R 25 8 FE R 9 VG A 25 C4 M8 38 =22 /i Y
MM RRE A DOCHA, T TREEAR

R1 SHMESWHL/LHFKK. MEUARSE
Table 1 Spectral characteristics of the five components

identified in this study
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LB Fmax, 352 5 FALAY & e AE K A
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Fig. 4 Changes of each component in the inlet pipes of sewage treatment plant and at each stage of the water treatment process

W2 . X 0] BB PO FE K IR Akt v e AR T
%ﬁ,ﬁﬁﬁ%ﬁ%hﬁﬁ?m,lﬂ,
C3 1y Fmax FFf. DL g5 AR 2N 2E
JE 58 S

SKALF TR C1 A C2 EE SR T 7
W, TR REAE T B R A YR 1
T, PR K R EE A R e, B
A7 GBI JEOR TR S KR D5 Y . Rt
AL, SRR T 7MEIE A CL A C2 4 H O EOK
KM AELY R . C3FEERET 10453,
W%ﬁ%ﬁ%%lﬁi?%ﬁ%*%lf i
FERAKY R E W R K, i) X B %
PG, JEK AR S Yol B R E %EOU%

T2 SHMESAKLEETZREANSETHER

Table 2 Relative content changes of 5 components at each
stage of the water treatment process

LRSI ARRS

TKALPET 2B,
C2 C3 C4 C5
G RER( 1.00 1.00 1.00 1.00 1.00
IR 0.46 0.75 0.60 0.65 0.68

K iR 0.45 0.73 0.66 0.61 0.57
TREEITTE 0.24 0.29 0.45 0.54 0.53
AYO 0.16 0.21 0.25 0.50 0.21
it 0.10 0.19 0.25 0.40 0.10
HEFLEAL M 0.08 0.14 0.23 0.28 0.07
B ITHEM 0.04 0.10 0.13 0.08 0.02
EK 0.03 0.04 0.04 0.06 0.01

T SR BUE TP A AR E 1.
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Fig. 6 Absorption coefficient and M value in the inlet pipes and at each stage of the sewage treatment process
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N, TEAHEKEE D SOKAA T 2B, RIEMBEHASNS®EA S TREARASN &=, [
W, BEE KA ST, MAEZERIN, R DOM 2 F B Bl id s, IS0 7 IR o o 3 i f#
ik X 5B 4 hIOmHr e R —5
2.5 K#EHMKRSHS EHES Fmax BEXME DT

AW AT TR B COD . NH,-N. pH. HL§# | SUVA,,, 5 5 Fl24H 73 (Y Fmax Z[H] B A ¢
P, 4500 Fmax 5 4 K B2 50R9 M 6P S X N ) PAE N 2 3R /s . C3 Y Fmax 5
SUVA,,,(r=0.960, P<0.01) Fll B8, F: % (7=0.935, P<0.01) & & % 1E 41 5 ; C2 /Y Fmax 5 NH,-N(=0.974,
P<0.01) Z a2 B EME; pH 5K H SR Fmax Z [\ A B, HrA264 55 CoD E
Z I AR AR G XTI S, C1 5 C2 (7=0.952, P<0.01) thi 52 g 41 6.

®3 BESH Fmax SEKRSHMBXMUR SN EXMEXN N E PE

Table 3 Correlation analysis between Fmax of each component and the corresponding P values

Fmax-Cl  Fmax-C2  Fmax-C3  Fmax-C4  Fmax-C5 CODfH  NH,N | H&$H pH SUVA,,,

Fmax-Cl 1.000 0.952" 0.771" 0.615" 0.747" 0868 0.860™  0.844"  0.772 0.918"
Fmax-C2 — 1.000 0.771" 0.600™ 0.747" 0.941"  0.919"  0.932™  0.781 0.922"
Fmax-C3 — — 1.000 0.652" 0.773" 0.929"™ © 0.928™ 09357  0.780" 0.960"
Fmax-C4 — — — 1.000 0.5387 0.8817  0.889”  0.930"  0.763" 0.789"
Fmax-C5 — — — — 1.000 0.969™ 09747  0.914™  0.8427 0.948"™
CODfH — — — — — 1.000  0.994™ 0940  0.750"  0.906”
NH,-N — — — A N — 1.000  0.935"  0.813"  0913"
R — — — A — — — 1.000 0.840™ 0.949"
pH — — — — — — — — 1.000 0.759"
SUVA,, — — — / — — — — — 1.000

e #*FRIRTEP<0.01 ZO AHSCHER 3 5 * FRTEP<0.05 BB A S 35

H T = 4B 5 R AR oA B R PR SRR AN, 3l SRR AR SO R B 5 K T S ] Y G
B, (= 4E 2 64 ARAE A K TR PEN J7 vk i Ab 78, AT AT 5048 s /K PR W DU 0% o X ARt 52 o
Uk, AL C3 PR B R B WS K I 05 & B, R nT DURTH C2 1 2 % 3 4k Wi 5 7K 9 NHL-
NHRBE, 1M 24 20 0 B ¢ i BEAS RN, 57K Hh Y COD (A K, B J& 45 20 43 1Y 5¢ 6 5k B M L) ] W 7
KB pH. C1Y5 C2 2B F A, FHILaTH#EWr C1 5 C2 B m B RIEM:, BVl v] gk A
— IR R o BEAh AT LGS A5 Y I 5 TS B, A BT R B YA I S R R,
TE A« ARBA TG KA BT R K AL FE T 25
3 &g

1) 235K b 3 ) 25 40 3 T 2 B i KB pH AR E E 6.15~7.85, &Mk fiA Wb B s, 15K i
COD fH . 'NH;-N. DOC FllV5 4y () 35 & P30 W 3 R Ih, RUNZISK) A T 288U R i

2) SHERITE AT F M g R, V5K hEE s osdl s, Hop, Cc1. c2. 33
& TR I; C4Jd FHEARYE, EUTORAREYT; CSIETHAMMAsS, iz Tk
DX 15 G W A 43 G

3)BEFALFL T A Miz1T, DOM [ MAEZ #i T+, 2] DOM [ X 43 o 2 74 7 41K

4) K BRI = HE DTSR AR AT A K FOE SEA T AN FE, 2 /K IR BT W A%
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Tracing and regression of dissolved organic matter in wastewater from the
industrial park based on 3D-fluorescence spectrum-parallel factor analysis
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Abstract In this study, a sewage plant in an industrial park was taken as the research object. Both the
ultraviolet-visible spectroscopy and three-dimensional fluorescence spectroscopy were used to analyze the water
samples from 11 influent pipelines and various stages of wastewater treatment process. Combined with parallel
factor analysis, sources and categories of major pollutants in the wastewater were systematically explored.
Finally, the correlation between the water quality parameters and its components in water samples was analyzed.
The results of UV-Vis spectroscopy, three-dimensional fluorescence spectroscopy combined with parallel factor
analysis showed that there were mainly five fluorescent components.in-the sewage, C1, C2, and C3 belonged to
humic acid, C4 belonged to protein, and was similar to tryptophan, C5 belonged to a newly discovered
component. The correlation analysis results showed that the fluorescence intensity of C3 was a roughly judge of
the aromaticity of sewage, the fluorescence intensity of C2 was an inference of the NH;-N concentration in the
sewage, and the three-dimensional fluorescence spectra data-could supplement the evaluation of water quality
parameters. This research can also provide an important reference for the development of high-efficiently and
low-cost advanced treatment processes in industrial sewage plants.

Keywords industrial park; dissolved organic matter; three-dimensional fluorescence excitation emission

matrix; ultraviolet-visible spectra; parallel factor analysis
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