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1.1 HRARE

F 2020455 H—6 AT REf RS, GBI 4 AR
[F) 2 70 R SR KR CIT 38 3999A T 7K A K IR 7KO 1 10 A~ B
A1 ASE % BEZE Y R KK RE . ELRCRBE S E B LR 1.
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Table 1 Basic water quality parameters of samples in Wuhan
I E R/ AL JE > )

I S s s ST (:ffafcf R e R
WH1 PR b 114. 358 457 30. 627 075 8.33 26. 4 344 107. 8 2.22

WH2 HE W 114.342 496 30. 565 726 8. 34 28.1 451 135.6 4. 67

WH3  RKBEH W 114.220 993 30. 476 527 8. 25 28. 4 395 132.5 3.92 0. 90
WH4 3 W 114.278 507 30. 471 810 7.71 27.6 554 133.2 4.26 1. 20
WH5 & &3 WG 114.317 393 30. 493 007 7. 60 27.9 550 146.0 3.99

WHS6 AR 0 114.378 548 30.549 925 8.78 29.5 421 129.5 3.91 1.16
WH7 i1 A 114. 352 346 30. 499 002 9. 41 32.4 441 109. 7 6.53 1. 23
WHS W 2 WA 114. 384 141 30.479 411 9.75 32.2 428 96. 3 6. 45 1.23
WHY  ZEWr 1 kK 114.196 299 30. 585 394 8. 64 28.9 348 120. 4 2.53

WHI10  ZEWri0 2 FiZk 114.198 814 30.582 627 8. 65 32.4 538 132.2 5.22

WHI1  Hkk  HA%KK  114.138 364 30.628 182 7. 60 24.5 567 146. 0 2.54

1.2 KENE

KIESH(pH, B FE %) R A HACH HQ40d fF #; /K
JE A AT AL &, TOC R A Fusion TOC & A MLk 43 7 L )
FE s FRATSRAEWTFE . WA M BB (TP 34 ke B 2k DLTlT 36 85
Wt 5 A7 AR K 3R R OR BE R4 K 3
AKZH, TOC M TP ¥ F 3 1, DOM iy =455 % 3% 0
K H FP-6500 52 5% 43 J H 1 (H A JASCO 28D . W E
RV KR 210~500 nm. & H K R 280~750 nm, K
FAZ S P 4 55 FE N3G B4 0 5 nm, LA Milli-Q # 4l /K fif ==
FI s SNBRBLS B — . 95 A RO . % i A $odE 5 oR
Matlab B HEAT AL 3R, BRI = e 50008 R B IR A3 3 G i A

1.3 #HiEsE

KA FRI KB s DOM 1 45 X358 5% ok 58 1 3k 47 BT
FRI A% = 498 S S 4 R 5 A X3k, 43 4R 2R [l /) 2 e 4
Ar s KT MM E TR 74 4 (Cl, Ex/Em=<C250/<C330
nm); XK I M2 @A R 2O A 7 (C2, Ex/Em=<250/330
~380 nm); XK 2K aE BRI NHA I (C3, Ex/Em=
<C250/>>380 nm) 5 I IV i A% 2 10 15k 26 4 A 9 25 58
273 (C4, Ex/Em=>>400/<C380 nm) ; X8 V Jy & FH R 5%
Hed 43 (C5, Ex/Em=>>250/>>380 nm) , il X} 5 4~ X I 2¢
e B HEAT A . SEBLRT DOM 1958 # Bk 2 4 i) 36k
FRE 2% (F1, BIX, HIX, B* o) M3H5E . BHEE LR GE 2),

K2 WABESHENITERLESHHER

Table 2 Description of fluorescence analysis methods and spectrum parameters

DI 2 PRI RS H

Ex=370 nm i, Em 7 470 nm £ 1 520 nm A B VS A A S e . VI A K oL S=[12]

K A B 3 38 ) LA FI<<1. 4 B, DOM PARE I A N 35 FI>1. 9 B, DOM DL B A 3

BIX Ex=310 nm K}, Em 7£ 380 5 430 nm 4b%%  BIX £ 0. 6~0. 8 i [l F /R /K /& DOM k7= Sy 8%, 3 i A, BIX>1 i

’ S B A F FeR DOM 3 2035 20 ol 41 1 45 B A 0 U Co s B A ML R Ay i 3 7= 2 L1

HIX Ex=254 nm i}, Em 7E 435~480 1 300~  HIX<C3 /5% Ji 78 5t 1k 2 B 55 1A Bi3E B B 0, 400(E0 b w5 2 W1 ) 78 1k 7 %
345 nm X [A] 5% W 1 AL L L

g Ex=310 nm i, Em £ 380 55 420~435 nm  BARFEH 1T 4= i DOM, o 1832 i 72 B2 42 75 19 DOM, B+ o T J2 i 4= DOM

IX 0] e K9t B L 1) LE 1

FEHE PR DOM iy o
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Fig. 2 Nomalized fluorescence in tegral volume(a)and the proportion of each fluorescence region integral of water samples(b)
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LA 20 ], BATIFRERY, KEN. X5 HRA N
FEORWE TR, Zhi MY . REEHLE. T EK, 4
15K . KE DOM EE IR TR Y . B iE
AR, R R W 4Rt T, 4 Bk R 10 AN BE

DOM 1y i 95 3k ¥R 2¢ Y6 41 4> (C1, C2, C3) W5 Lty Bl A
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DN DX IR A B E AN L L B MR, (L C5 AP 2 5.
AT RESR T A SRR K )T ERTIK D AR A AR B T K
TR AT KB R . BT L =4 DOM iy 2 i 25t A0 L. 25
B R 2T BT PR W v B9 K T I A o R A B
WLME %, RIRAE S WH4 "] 7. WHS 55 283 . WHS 1
W 2 KBTI PR L K B, WHA ] 3. WHS 5 28
TR RIEFEHRE TR T . %4518 5 Henderson' ™ 420\ 8 1 U2
VIS REE Y LU A R R R S (NF L A E W
(Cl, C2) BA B ROt B &5 e A7 — Bk .

g8 bk, TR R 28 8K & DOM 1) 58 I 32 2 1)
R U A S 32 A R AR il T A TR 28 R K A
WIS Qe PR B e - HCRRVR A 40 i b L R L POLH
FU 2% 501 DXCIRB 3 (AR B R T A S R ] 3L 2 K
T S R A AE 22 5. SOOI IR S AN — . T AH
o A i Y K R K FITR 2K 2 K A . X BB B R KA EE
YN XA HE6 R B A G b B A R, X CS A7 TR

2.2 WRBESH

11 4~k EeH DOM () F1, BIX, HIX, B+ o 415 3 Fis.,
FIE R 1. 03~2. 17, [ 3 ALSIIE 28 B 4 7K A DOM KI5
ORI S IR A KK, K. B RKH DOM LBk
BRANE, X5 2.1 W4 BA — 3t BIX LN
0.86~0. 99, BLHIKA: T DOM H A 8 U] W1 B 4 FRFAE
KA R A R B AR AR e s HIX g [ A
1.02~1. 95, UEHI /K FE 1Y 6 2 5 4k 72 B e 59 HLA B B &
Ui HEE AR (B ) JE g 0. 79~0. 93, BRXf M4l WH11
B kKA, KBS WHI—WHI0 F 57 & 2 58 88 K F 0. 8,
FE 0. 8~1.0 Z ], FUARAESKEE DOM 2 A 4y &8 ok
P KR s ok, 254 HIX Bt 47204 350 7 372k
AL DOM J 7l AR B LA . 28 B P, R[] 2 28 4% K
B FOLRHE S EOR A B 10 2 50k, (U A2 A
A2 5. 2 I I U R N TR TR B A R RRAE

&3 BAKEH DOM WRELEH . BEIRIER . BENIERMTE EiEH

Table 3 Fluorescence index, Autochthonous index, the humification index and Freshness indexof DOM in water samples

FekE S WHI1 WH2 WH3 WH4 WH5 WH6 WH7 WHS WH9  WHI0 WH11
WA E(FD 1.50 1.73 1. 66 1.84 2.17 1.41 1. 63 1.76 1.57 1.56 1.03
JE B A A8 B (HIX) 1. 11 1.37 1.59 1.95 0.27 1.13 1. 29 1.42 1.03 1.28 1.11
A A IR 48 AR (BIX) 0.93 0. 86 0.91 0. 94 0. 88 0.94 0.92 0. 88 0. 99 0. 86 0. 96
TR RL(B © 0.93 0. 83 0. 87 0. 89 0. 82 0.9 0. 89 0. 84 0. 89 0. 83 0.79

2.3 KEFRERE. KRSHERAASHERXE

XFKFE MK BT S8 TOC, TP 5 52 56240 43 (A 56 1 43 4
ZR R ORI, ALK AR TOC, TP, C4 %EH 5.
C5 24l 20 VU 3 18] B A %38 (19 1E A 26 1 (R > 0.73), B
TOC il TP fE/K 5L P R IEAA S, B TOC F1 TP 874
KA DOM Hify C4 Rl C5 4143 i FEHE K . 3% 5 AR Bl 4545
i DOM M5O I4s8 i 5 TP 5 8 3% IEAHSC & . ooyt
S5 R B IR KBRS DOC K R 2 80A K4 A 2 PR Y
rre s A — Bk,

x4 KEFERE. KESHE
RHRASHMEXES
Table 4 Correlation analysis of water environmental quality,

water quality parameters and fluorescence compo-

nents
TP TOC Cl C2 C3 C4 C5

TP 1 0.742 —0.153 —0.053 —0.102 0.740 0. 739
TOC 1 0.210  0.305 0.262 0.992  0.988
C1 1 0. 986 0.994 0.075 —0.090
C2 1 0.991 0.221  0.042
C3 1 0.164 —0.003
C4 1 0. 950
C5 1

BEAERFIEIA R . BB (CL, C2) . s IR (C3) Ak
TR (CO B o EE R FREFE A . W05k 4 i, Cl,

C2 Il C3 4143 Z 18] (A D6 1 8 35 (R >>0. 98), = 3% Z [a] 19 A
KAERI KT 0.98, BA RPN C5 5404 Cl, C2 fI C3 Z
[E) (R R PR B 22 440 C4 Fll C5 MM IR (R =0. 95), i
BIZRE A, XE BRAZEEHIRA /5 R s R 2 A 26
PE . AT R BTG A T BT N 28 TG B . T HE O
55, JEFIR AL 4y 1 R R b R AR AR Ak, P U LR 3 R 1
Y
2.4 Rk DOM M E TR

ABEFERT 2020 4F 6 [ I K H DOM 4 43 # 47
T o3 AR 10 48 3CHER X T AR K B DOM # BIF 58 4
P 5w RURBLAR W K DOM 7 i 18] 77 42 LR
AL AL - (1)2007 4E—2019 4F, AR#EIHIK H DOM 5 %
JoREUE . AR IR R A R E A CRE A
B, REAB SR B, RIS TN 2T R
s ()M 25 4E 7K i DOM 41 . 2020 47 9 #1 7K
DOM 1y i J5 28 73 BR K+ 258 5 T8 92 R B A= o A 4 40 B0 W 1
Tho GEaARPFIFEM 2.1 50 2.3 WHFSE 458, X Al fg e CO-
VID-19 edE W . A& ) RIgEA% . Tk A ™= w2, i1k
B DOM Jili 5 5 A REAR 5 35009 &

345
(1 B R 7 26 78 5 5 48 K M 38371 26K & i DOM

B3 B 96 ' R R B B . /K TR K R RS K 26 K A
DOM LI i P8 5 A 2023 9 35 90 3 FBIIA 25 R /K 4 DOM, A
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Table 5 Temporal variation of DOM composition and proportion in East Lake

DOM 1y 20 1 B % 1/ %

ARHEIT FWAR REAM L T B T e e
2007. 09 22.1 37.2 31.2 9.5 [16]
2012. 08 32.1~33.5 46.9~49.1 18.8~19.6 [19]
2011—2014 47.9 38.9 13.3 *
2020. 06 20. 8 22.2 26. 3 21. 4 9.3 AT

T x 2011 4F—2014 4 430 B0 B B A R R 27 2R e R A B8 Ml a8 SCCOIR K BRI v S PE A AL L S Cu® ™ A LA —— 2260t 15 24 F
T A%

A5 1 Bl PR DN R R A B AR AL WK CL, C2 M C5 Ay & fas k.
()4 K BE CL, C2 M C3 41 20 H A % 0 IE A 6 1k (IR N R AR K A DOM #4846 A N 235 3l %5 U1 A

TP, TOC, C4 f1 C5 4l /¥ HAG #eum IE A X . C1f1 C2 4] Ko ZRIIK R DOM [ifi Y5 21 4 A2 4F B2 38 AR LT #e, 2020 4F
S RIRIRTE Y B B, RIS Y B KRR C1 il C2 B A G, B AL Ay BERE, X T BB S 1E M A 280G 3 .
oy HA BBV, J5 0N LIRS SR8 o &, % Tl A= 7= 02, 7Kk o DOM. it 5 i A K i A S B0
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Characterization and Analysis of Dissolved Organic Matter in Different
Types of Natural Water in Wuhan by Three-Dimensional
Fluorescence Spectra

BAI Lu'?, XU Xiong', LIU Quan-zhen" *, DU Yan-jun" **, WANG Dong-hong'**"

1. Key Laboratory of Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Acade-
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2. University of Chinese Academy of Sciences, Beijing 100049, China
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Abstract Based on three-dimensional excitation-emission matrix spectroscopy (3D-EEMs), combined with regional fluorescence
integration (FRI) and characteristic fluorescence parameters, the spectral characteristics of dissolved organic matter (DOM) in
four different types of natural water in Wuhan were studied. Meanwhile, the results of East Lake in Wuhan were compared with
relevant data in the recent ten years. The results showed that five fluorescence components were detected, including protein-like
fluorescence component(tyrosine-like(C1), tryptophan-like(C2)), fulvic acid-like fluorescent component(C3) , soluble microbial
metabolite component (C4) and humic acid-like component (C5). From the perspective of fluorescence characteristics, the
fluorescence intensity of components C1, C2 and C3 are the highest in the sampling water of lakes with relatively poor water
quality, mild to moderate eutrophication and severe pollution. The fluorescence components of DOM in the relatively clean
source water, rainwater and the tap water (as the control) were similar. Only C5 components were different; In terms of the
source of the DOM, the DOM of water in Wuhan has a significant mixed input feature, with the main terrestrial source and the
supplementary endogenous source. The mean terrigenous components of the river, lake, rainwater, source water are 46.2%,
56.4%,54.2% and 51. 6% . respectively, and the mean proportions of endogenous source components are 12.3%, 10.1%,
10.4% and 9. 7%, respectively. The correlation analysis showed that there was a strong correlation between C1, C2 and C3
components(R* >0. 98), mainly from terrestrial sources, with homology; C4 and C5 components also have a strong positive
correlation(R?>>0. 73) with total phosphorus (TP) and total organic carbon (TOC), respectively. Compared to the past 10
years data, the terrestrial components (Cl, C2, C3) of DOM in Wuhan East Lake have gradually increased, but decreased

sharply in 2020, while C4 and C5 components increased significantly.
Keywords 3D-EEM; Dissolved organic matter; Natural water; Wuhan
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