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KPR IAIG 2 A BoK 5 P il B B B L o =SOSR AE S AR MR A T & S9OSR R - & 46
FE(EEM), #&F EEM $Rid =4 (R E ok S m 2 (e sU B H S Mo 85, I dKIRIEEaIe . s s
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HAEB RSSO0, . KBDEE . ROGRE . kOt
. mTOR . WiRAIS I REEEEEE,
JER— A EE AR R E AR SO
(There Dimension Fluorescence  Spectrometry,
TDFS)! IS L 4Rk & AR () — R 1 5
OIMTHOR , Ol AEAN R ORI R 9%
ik, IRAFIE K - & B HE RS (excitation emission matrix,
EEM), 3£F EEM i DL = 4 <7 IR sl 5 2k (PR 4t
EORIERE Stz diok, IEENEE SRR
T IO ITE RS . RS ILR W
SOOI FEA ST WL - KRR =4
PO . ZHERALPOOEERE | B =SSO0
T IFR] 3 = AR EOGIE LA K = 4O IR RO
. SEEATOLEEED, Tk YT
ORI T RSO, 8 I HOR RIS A K T
(RSB, IR R DA AT 7T
2 ZHRHIERTE

TEMRG KA, A YTERE A DL L A
A RAASOCE LG YIIEE . AR, R
PR, TEEIMNERI L T & RSO
HrbBE AP RN EIR . %2 RN 2 R IR AR
EJE;=250~280/320~340 nmAb 2 & S R 50,
YA R R AR AR FERIOK IR B, %
A ML) (dissolved organic matter, DOM) F= %41
FUREN . KEHER. TR TR A
LR . RIR . AR AL GV, B - A
FE(EEM)ZEOGIR o 1 A U E REI S5 i K (5
B Coble® R DOMIY 3 BLa il 43 524 (e

1) . U A—— 2 JB B TR (B En=237~260/400~500
nm), WECHKIEIEMR(E/Ex=300~370/400~500 nm),

16 B—— 2K 1% % R (Ex/En=225~237/309~321 nm J
EJE,= 275/310 nm) , & T, *] B AW
(EJE=275/340 nm) Fl I Ty—— 2 (4 50 R (E/Eni=

400

R1 KMERERRLER

Table 1 Excitation and emission wavelength pairs for the principal peak

fluorescence intensities
WM R /am RS /nm L7/l E =P
A 285 340 REA [3]
3 280 330 [21]
205 370 FEBGEARE  [3,9,15]
Bl 225~237 305~310 Kk AR [6, 14715, 19]
B2 275 310 [15]
Tl 225~237 340~350 B Uk [15,19]
T2 275 340 [15,19]
230~255 400~460  EAHMEE R [22]
280~310 380~455 W[ DLSE HLER [22]
a 320 415 Bt [10,21]
C 237~260 400~500 B [9, 15]
300~370 400~500 [9, 15]
D 230 465 (3]
E 245 440 [3]
M 290~310 370~410  MFEEREREIRIS [15,23]
310~320 380~420 [24]
B 355 440 AT LS G R [3]

225~237/340~381 nm), KT DOMZLSM 321 CH
RESEIRITIIFST , ChensPOM B /K b B 1 K v v
PERAE =) o0l 52 B GIEA (E 1) o
3 IFEEEXT DOM K LRI E M

IR B K AR H AT (1) 45 Tl 28 1 R BILAY) o fiki 1
DOM R 2%, 5B T ALY Bk 278 DOM
W 2k i Hp e A e S TR KO T AT 2 S 900 I 1 i
JE. L, DOM ZEH) i B AN S =41 4 Al
WA X, BZHERZIEE . pH a8 &1
HIZ A
3.1 RE
PO AR KRR R TR, e
RS RV RO SRR, TR T
AIREME, SEOOCGREN . KTHROEmR . XE
B R AN 2w FRL R ) S5 1) 9 I it B B T e AR /N
PG, 76 10~45 CIEEN, HHEEHREHE

Related to
hydrophobic acids

Related to humic @
acids

E Region V l—.—| Re'gion' IV'
£ 300 Soluble microbial § Marine humic acid Humic acid-like
:}3 rotein-like by-product-like 1
280 4 (Tryptophan) k=4 Tryptophanand 4
Protein-like ¥
Tosi ' o o
260 Protein-lik Teyptophan g Humicacid-like ® Fubicacidlike
[ 4 - ~ I
...................................... eleeeefeeedeccccccccccccccccccccccccccacaan
. .
240 Tyrosine : BODs : Fulvic acids
Y Hhydrophobic acid
—— ; P :
o ' ' Region Il
e | Region | g Region Il g Fulvic acid-like
Aromatic Protein I+ Aromatic Protein Il ¢
' '
200 + + + + f + + f + f t
280 300 320 340 360 380 400 420 440 460 480 500 520 540
Em(nm)
Spe b o = e > = [20
B 5 XK PRI B

Fig. 1 Locations of various EEM peaks at five EEM regions
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FERY TR BT IMORLE REREAR 1 CHEGaREE 293 in
1%). 24T AR5 T IR R X0 RN IR
SREERYSZIN, RBUREART 30 CHIZDEGIR AR
TR EHREE  E w2, RS T 30 CHy
TifhZE, HAGHE 5 2 AR,
32 pH

5T 2R, pH {H R MR T R 2 om BRI
JEFERR . K E BRI 5V e R Rt
JEAR . Patel-Sorrentino Z:POBFSE T pH Xof HFe Kk A
fEPEA DL A R C BRI, & B pH (M 2
Rz 12 NPOGR R, [E, fEE R
T30 pH ST EEY 3 FhATRENLE] . (DI
HL B T-ia s aE R AU s (2) Ha ey 2 B A el AR
g FYEIE R & A28 Q)& 8 & T H Z (8]
354+, Spencer ZEPTVEHIHOGIE C 1 pH fHN 2
F| 6 BFBA WG, 11 pH Sk 8 £ 10 BHIFEAR; AHk ,
PN C2 FER R pH (HIFARFEML, H pH AR kXt
JGIE T1 Jol & 52m; fF5E [T Z 30 C2 i pH
{ER IR A . 1eAh, pH (EX 48 B T i
(A5 M TR BE - BUA T EOR FE 1 ARk o PR 24 K
ZPHIIE R IR, pH<4.5 B, (R I TG
SRR 15%, S<pH <8 B}, pH X a2 BRVE AR
SEME AR, pH>8 I (A Z R DO G B G I 30%; 1%
IRV R EESZ pH IR 2 HAh S G T oy ik
2 ; Westerhoff 252N & Bl pH (EM 7 Z 3 1), &
B PR ME S RN 28 A LT A T BUR K R B AR T
30%~40%, FFHEHKFEZS oMY Bt pH (E 3.
T RIRAKERIAIZ W pH (HAE 5~9 Z[H], 7L pH
T A T A GG I e i B B B R R AE 10% 22
i, FrPREEAER I pH AR IFAS R = ko ey
AR T RIEA A [FRIER DOM.,
33 £BBETF

TE B ERIK AR, AR — S B NPT B
SRECEVEK, AR N RE AL B S
Yy AT 52 I DOM (R 551 2 I8 Bl R ) Jo ) ) 9 it B
BRI TARPOBIE R, NaCUR R 7E0~33
gL AT UG I SIS IE TR (C . A) 2B [ R
(Ty. To)AZKUO0H], FECIEL AR KR, Pt
WA AR R AR ER, FO0RE W ICH B ryH
SRR, RIAA S -am EX LR VT el A € ] %
4 L% (Chromophoric dissolved organic matter,
CDOM)I = 4E5E Y OEREE A K . KeltonZ5P A F
SHEPOCHER ST TR K SRR . it
PERTE KAL) K AN RIK A Y DOMZESEARFIE
R INFeRENS il E AR FE SO LI TR

AR RIRKAR P A LY 48 B T 1
K, EWNINIA #GE R SCHR L350 52 0 2 Sl A

FEBANINH &R B AR RIE5Ie . 16 3R
TS, 48 FE DRSS L4 8 ik
BHIEAAAAE, HAAEIEA S5pHIEA ¢, Reynolds
1 AhmadPHE ST T 4 i BT X I K 5 ik 11
M), AIEAKPER . SRS S IR
SR, P, FEKIREREGY, &R s Xuou)
G B RE I I 0 18 .
4 ZHETERTEKINE. BKAEPRRNA

EARK, =4E0OEEHARC T2 TR
FRUSEWEI . WA B TR o b B % K A= P ab B
PEREVTAG A5 7 1HI (3R 2). KIS h R I BT | ST R
K. & BRBRIEEA YYD DL m Ly 2
FRIAE R —F-1f L, BE ED M B AT A 38 A - R %
KRR P CR AR S, RN KA HLYILR & 18
b, HARIL 588U RS | R PO6ER
ZP T IEOK ARG B 35 H e 2,
KHBI TR FREE o i Je el gk Mok flmy , — 4w
Y4 AR 547 A F 43 M1 (Parallel Factor Analysis,
PARAFAC)P*™ | F2 143 [ )5 (Princlple Component
Regression, PCR)"*11) % fi # /)N — 3¢ [ I (Partial
Least-Squares Regression, PLSR)** #2145 {k 2232
TESS G E N FENE REZ AR R =450
T FBL o
4.1 RAKIE

Bieroza 2 FH = 4658 0G5 AR (EEMs) %)
FH 16 AHLFRVEAKFIK ) 4 BHAKE 1 A LK
(TOO)KBRICR . AHLI(OM)FTOICHFIELL K eI
TOC ZBRECRAFZ M ST 75T, K3 C 25t
SR FERERS N AT SE M RAE OM &, OM ZoedtfE
I TOC EBRFCRAFMNS = A8 (LR, H 284k
PRS KA R = i B e (THM) 5 9 2 mT AT 5 K
TOC JFit ik B, X B 27 kI VE R o A AL
FEOEFANE THM BRI AT DU HA i
T BUHT Y T A R . Gone 25 PO A7 HLAR
(DOC) B2 KoK BT SCREAE N B R A He hr %
Z2 1T R 0 0T R R 70K IR T 7K 7K B 1) 22 8 10 D 3K
R, PRI 3 RS ACEIBTEIR) . CERIEHIMR)
H TEE AR SR EERAE DOC K%, &8 DOC
LRSI A1 C g T 28R BA I
KM, LM R B A 0.91, 0.89 F10.92, H
H, ROARY (G TRiRZER/D, RIRBZOE
U 58 B T AR Ry 2R EE-TLRE T2 TP PEH DOC 5% B &1
$&4%. Baghotha ZEP7H ] EEMs 31454 PARAFAC
RIRIAE TR 7K AR BRAT R FPOKREE NOM AFAE, 45
KR, NOM f1 7 I9OCRENE, Hrb 5 Fok2k
JEFERRYI T, T3 2 Tl 53 3 h (4 RS ) o R 2
MR, IZRAFEIE 5 ANFEK RS ) DOM =
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e CRHEAR R 5 2 — 25 FRORE € i - LR
(LC-OCDYKEMZE TN 7 A F47 K F B Kk e s
JE(Fnax) 5 NOM H153(JE5EIR . P EYIL . 2B
REWHRNTFRRYEY) 55 A TR GRS Ar , A8
FESH T DOC, UVA,s4 Fll Fy S EAHIE(P<0.01), H
H 3 RIEIHIR L Z UVA,ss B RERIERE S o DOC
JEFERAL 53 1) i, A S RIS T A R s
JR U AT AE A SR A4 5 . Pifer 28 FHARRTFR
R TR N1 - N 7 e L N 0 T O R 8T
R KK EASTRIRE (-3, -10 FI-18 m)/KFEHHY
DOM #EA T 5E , FH]H PARAFAC #iRL /iS5 5
A ERSY, K B s A AL A 2
SR EE SR R-10 m IR EEFI-18 m W RORE S, A1

JE K FER A 2B R Y AR A2 E AT, -10 m I
BEARYRDO A S, FHERHAN AR
W 0 T BRI AP 2K R R A2 A A R i AR A A
45itsk , EEMs-PARAFAC RI{E 58 CDOM 1 i M
H NG AR, WA, WA AR
EEMs J454 PARAFAC F8, XHRFHKIEanisA
SV EE ML B T
42 BEEFUBBREEENY

BeutlerZE DRI SFh BRI RE, GHIE, 18
B, RIS B R AR A R AR 5 iR
JEE R DX KR P a2 B A ()8 0 %) A4
ARBEAE NI R W KR 7 ix —183% , Beutler!™
B R TR TR, B B K A370~525 nmZ

F2 ZHRWHNERAREKIE., BEAKLERHHAR
Table 2 Researches of excitation-emission matrix in the water environment and wastewater treatment system
TKEERR FE () SR E pojnss Y Ev/En HXRRHC) %I
75 0.946
5 0.976
SRIK 29 TOC A 230~250 /405~445 0.364 [43]
59 0.903
w 14 0.890
216 T 280/350 0.42
R K IR TOC £Bg* C T 44
Tk kAR 216 L 300~360 /400~480 0.41; (44
S
A e 275/340 0.91
- J5 R IR
KK BRAH [45]
HWRRIRE X r—— 355 /473 0.79
C " 315 /396 0.85
s COoD S, 0.545
WHAKEE 32 2 IV R I AR R 235 (300)/404 46
WKL DOC ki 4 IR 1 S B R (300) 0.763 [46]
COD 0.563
T 88 2 INERE TN 235 (300)/404
NN DOC ity £ RV S B R (300) 0.684
bOpIT 28 DOC 350/450 0.86
i PO A 280/350 0.799
1 NO; cl 280/350 0.874
# AL 62 BOD Tl 220/350 0.675 [47]
ia DO T2 220/350 0.646
Ik NH; B 220/350 0.784
IS 0.756
; v R 0.657
KA DOC SRR 0.631 [48]
0.409
wHER 42 a Tk
s 203 355/450 0.84 49
K I3 [49]
RS NVOC C3 240(330)/420 0.930
vkt 103 50
kA cs 310/360 0.715 (501
SBR v i 7k EHR AR A 280/350 0.877 [51]
(EYEYIN Tl 300/350 0.999 [52]
3 oo P1 366/316 037
K HEE K 96 P2 430/380 ' (5]
COD 0.51
Ak P3 520/470
o 126 . 0.87
- PEECEREY R 220/350 [53]
% 91 0.86
% TKETEK BOD Tl 248/340 0.97 [54]
I 280/300 0.892
R IR
V5 IKAL TR H 55 BOD BIRA 55
TKALHLT ik A gz&% 340~350/370 0.901 (53]
D
T ” 275/350 0.910
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6] ; GregorfliMarsalek!® 25t T Beutler B 5%, R
i B NSRBI B 485 F1570 nm, &
SRR 670 nmAh (8 S5 2208 R B AT IR 5 35
FIERBEIX S TR o ZiegmannZ5IR; B GH LA
XK AT B il e i el e R R A T DA, B
[FZOGE S RE A KR AR EN
VARV BE | M PN B R R M R R VR 1Y
ZH

BERAEA R R FH AR v 10 38 52 ) o
TG EAERDF R B A Y, RIEE
of 20 M A 0BT Bk AR TR B A A L
(extracellular organic matter, EOM), [fijii i 4 fifg P
3 & 53 it AE DB 1ML A BL A (intracellular
organic matter, [IOM), HENDERSON %[63]5ﬁ 5T 4
Fh ¥ (Chlorella vulgaris, Microcystis aeruginosa,
Asterionella formosa F1 Melosira sp.);=4:JAOM
HLIR AL | 23500 MV CRHIE S T ] T AOM
5 NOM YA R4 AE , & Bl i 25 )3 35 2 Bk F
AOMH 7K PHEFNRR YK AL & Wi E s K Pk |
TR M S AR SF W) T, 6 TG SR R 3 5 v TR TR ) I
i, FAXT 43 7R T500 kDafy 25 14 5k Bk v
Yima, JF HARh AL T K AOMH SR K 2
WEP o A K P V) o B AR, TEUV,s I
P RO A RIS E LA WIITEAE 5 Singh 25 YA
FHEEMSsH-25 5 PARAFACHTHY | 15T 1 35 [ #% &) i
M B 7 3 B 4% b 7E 2008 4E 3 H 25 H (]
CDOMIHOGLH 43 M3 A B ALAFAE , S5 RR
WP 2 LA 3640 3 5, HLCDOMIIL
JEIE355 nmAbZOEIERE R, 4 CDOM
W W & B R 9 O s B 43 B O (11.06+5.01) |
(10.05+4.23) . (11.67+6.03) m ' F1(0.80+0.37) . (0.78=+
0.39). (0.75+0.51) RU, FIHPARAFAC/ HT4%E
CDOM EZATAFPLH 3, A4l A= 2 A AR (2 431
H12) | ARSI FEIR (20 73 3) M L AT AR SR B RR (4 7>
4), MR R 2 LI A 5325 0] A8 S R 2 34
Ky, STH3RERABERIECDOMAY " &,
XoJ 2 2R a8 2 1 AT 1 S e b A O LA A
PGSR IR 2, PR R A E IS HEA
TS RESRY), RIS FRERAHE AT BE S B0R 7 45 Wr
TR B A0 o 6 5 25 OV FHEEMs-PAR AFA C 5581
WFFE 1200846 1 /K 4 Y 37t 1] V1. H DOM 4 5%
SCLH T REE e o3 A28 A, IERIZO A o *) b3
3 Z IR A T R A BURER , 45K
HIEEMs-PARAFACTI{E R 1 FOGIEFR SR, R
b7 B T VT4 3 2% 32 i DOM Y s 25 43 A 5 78 fb
fiE o FVREA M R e OV A A AL DS
FHGT ARG G, AL T —Fh AR | PR

FIZS RGN E R A, & B SEAE R K B A IER
TUNH>92% , kAR /K b IERR TN >T75%,
TA R I 0 0 3 0 Y ) VS A DL 2 64 A B
A3 53 BT Ik AT SR AR SR KT B AR
4.3 [EkaiE

W 75 7K DOM 4 43 3= %2 2 J5 % 1R (humic
acid). = H R (fulvic acid). EKMEAILIER . ZR .
QAR AR AEERSFA YY), K &R
ALY ARG R K FDOMAS 1451
K HA LG M55 B IR el ik 3k . FRILAE L Hu ik
R, FEERIMNEIX R KRB R AR 2, )
FE T 7E TR AR 5 i i 5 R 6 W Bk S A E
HUO BT FRBEE, R bk AT LUEPEIX 43 A
FE N A K TR A LT G

Wang %P — A 5Lk 4 2 10 %% (Membrane
Bio-Reactor, MBR)& ¥, EPSHHLYLH /> FE NI
HE L ] WREER A E BRI A, NH =4
PNHAR K ILDOMAL 43 h T A 3AHOLRHE I, 2
FOMREAY R, SRR By i, b,
I rh IS ER 2O o 32, #HEIIDOMAIEPS H:
(25 2 Tk B e 2 F b S 805 5L Tang
A OVE Y T ORRIEAT ST B0 4L MBR S # FE
1SRN D AR S S 5 Y P R e &
K IMBR 2 i X DOM H1 28 85 [ ) e e g i i 5
JY5 e SEAEAH DG, YR R RIE A e P A
AFIZRE A DOEIE, FIFAE AW ERTS Y rIE
BGOSR RETEVER . LinSC sy T 5 -
AW SN e 16 FH R R 55 REEALL B AR A ML 1) 2
BRIERE RS YW E , R B S DOM 44
AT, HhwiRIEE TREAYE, HW
H M ETEMR 5 4 R E AL TS DOMZE 8 B I I [
fi%, HPOGERI AR NZIEE, Al LA A
AER BRI DR E Y& . U RIS SS
4 Nam M Amy ™ 45 T 15K 4L 2 HZKNOMZE Y
bk, RIRAERARIS A AN SR AL 267 1 Fnk
JEFERR DI B R IE N, IO CIERIA N 2 X 5 R
IKFNRIKA WL FBRFAE . SR, —Le8R s
YA ZR A1 W] — X R R 5t Rk, g7
FEPERTE A K R 2R AR A I RPN Feds, 2
BB TE DAL B EIE X B ST
5 #itERE

IS KA T5 /KAL) R K H DOM 3k 777
IEROW) /Y S iAINIY @RV OF 21 a0 ) St /- ow
TR AR HAT R BRI . AP | R
THFER DRI RE AL, CAEKIR B A
KA BERRAS BN H . SR, HRTZE AR EE—
AR, A2t
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WERIE KRG ZiE2 N Eem, H
DOM 41438 7%, Hhb R iR A 25k ST LA
o R, 7B OB AR BRI FR A )
JRIX AR, DASEEE = e ik H AR A LTS e
A DR T A 2 T o o

HAT, =N AR XS Yy e P e ey
WA SE R e WE g dabs b, ek, dik &,
PRRE R PR RN IR, IS Yt
FRIE IS R R A 58 35

T 96 G B AR AR EE ST AL TR R
FrBL, 75 245 & PARAFAC Al PCR S5k 24 a4 ik,
e B 2K T EE T
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Research advances in water environment remediation and wastewater treatment
based on three dimensional fluorescence spectroscopy technology

1 : 1 1.1 . 1,2 L |
KONG Yun', ZHU Liang *, LV Meile', XU Xiangyang °, QI Hanying
1. Department of Environmental Engineering, Zhejiang University, Hangzhou 310058, China;

2. ZJU-UWA Joint Centre in Integrated Water Management and Protection, Hangzhou 310058, China

Abstract: With the rapid development of the society and economy, the water pollution issue is becoming more and more serious in
China. The bloom algae that caused by the water pollution releases lots of derivatives into the natural environment during its
metabolism, and these derivatives affect the aquatic ecological security and performance of water purification system. Analysis of the
composition, property and source of the dissolved organic matter (DOM) in natural water and wastewater treatment system is
important. Three dimensional fluorescence spectroscopy technology (TDFS) is a method that obtains the excitation-emission matrix
(EEM) data by scanning emission fluorspar spectrum at different excitation wavelength, and then the three dimensional graphic
model or contour (finger-print) is portrayed out based on the EEM data. In recent years, TDFS analysis technique is widely applied in
the fields such as the monitoring of drinking water, and analysis of eutrophication and wastewater biological treatment, and the
soluble organic matter, algae and algal toxins in aquatic environments are characterized. Compared to the traditional methods, TDFS
has the advantages of high precision, convenient operation, rapid detection and low comsumption. Based on the basic principle of
TDFS, the classification of fluorescence peaks, influencing factors and applications of TDFS are reviewed in the paper, and the
direction for further researches are suggested. It’s hopeful to provide an advanced and reliable analysis technique for the water
pollution control and polluted environment remediation.

Key words: three dimensional fluorescence spectroscopy (TDFS); water environment; wastewater treatment; dissolved organic

matter (DOM); effect factors



