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Abstract; Lake Gaoyou, Nansi, and Dongping are key connecting points on the east line of the South-to-North Water Diversion
Project and play vital roles in the safety of water transfer. In this study, three-dimensional fluorescence spectroscopy coupled with
parallel factor analysis (EEMs-PARAFAC) was used to analyze the optical characteristics of CDOM and the relationships between
fluorescence components and water quality parameters in the three lakes in different hydrological seasons, and to unravel the
sources and optical composition characteristics of CDOM. Three fluorescent components were obtained using parallel factor analysis
(PARAFAC) , including a terrestrial humic-like C1, a tryptophan-like C2 and a tyrosine-like C3. Upstream inflowing discharge
have notable effects on the source and optical composition of CDOM in Lake Gaoyou with fluorescence intensity (F,,.) of Cl in the

flood season is significantly higher than in the dry season (i-test, P<0.01), and C1 is positively correlated with a(254) (R>=
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0.85, P<0.01), indicating that terrestrial humic-like substances contributed primarily to the DOM pool in the lake. The contribu-
tion rate of C1 can reach 50% [ F,,.C1/(F,, Cl + F,  C2+ F, . C3)x100% ]. Lake Gaoyou is greatly affected by the inflow
water. Lake Dongping and Lake Nansi share similar source and optical composition of CDOM. The F, mean of C2 and C3 in Lake
Dongping and Lake Nansi were significantly lower in the flood season than in the dry season (i-test, P<0.01), indicating the two
lakes have a higher autochthonous CDOM contribution during the dry season. Humic-like C1 in Lake Gaoyou can be used to trace
the dynamics of dissolved organic carbon concentration, and the accumulation of humic-like substances may increase the concentra-
tion of total phosphorus, totoal nitrogen, and chlorophyll-a in the lake. However, the correlations between C1 and the main water
quality parameters including humic-like C1 were poor in Lake Dongping and Lake Nansi, showing different CDOM optical charac-
teristics from that of Lake Gaoyou.

Keywords: The South-to-North Water Diversion Project; Lake Gaoyou; Lake Nansi; Lake Dongping; chromophoric dissolved or-
ganic matter (CDOM) ; parallel factor analysis (PARAFAC)

PR AL IR ZR 2 R 4 M BRI VT IR 1, A0 25 380 i D) 2 2 1 W 2500 S T W AR L3 0
KRS B BUHTE R L AR S5 M, R 3 AN 7 45 R K TR T vp ke 31 1 R T 2000 TE B A, W
T TR SR P AR K TR e A mh S ) ST 2 B RS 1K 3 1 90 K -l 2 B0 2 3 5 0 ) 7K B
B LU R A ARG AT B R B R S MR AL SRR R ARk, T AR R BRI O
W22 SRR E WO K FL R T 40 K 5 25 S A, Xob 52 K X AR K 2 A7 A g . R TR K
SR F) i K U A P B T SN , Sy AR I T BB A 3 R K L Tl K ERBE K S DR A X
TR A K T A T AT

VAR A BT ( dissolved organic matter, DOM) ™ IZ A4 T H SR AU HORIR A 2%, P2k B & i B
DOM 2B fifi /K PR 5L 5, 3 FLE /K Arb B3 78 il o RE RS RO T B0y i, B35 e b BR S 4%, S04 o
AR KARA €6, 7] A7 LA B ( chromophoric DOM, CDOM) J& DOM Hh g 3 1 W 15t 25 4111 ] UL 1 3
i AT 380 3 LI Y3 7 — TR 47 DOM S5 MY ZH AR M. 59 SMA AT — /3 Wy B R e A B i % F &
K TR DR BTN, 124 TR B A e 8 I 1 i A LA (fluorescent DOM, FDOM) ™', i 4E SR EL A £
{37 A AT A BIF T 2 1T CDOM (19562 5 Mk B 308 I 36 5B AR T BE W I AT HLTS e W e 8 SR R J% 28 B 78
b, FE ST FE A X B R WA E B kR RS IR E S T = R4S A AT R T4 b
£ (EEMs-PARAFAC) % CDOM 172 5 H7t L 1 (1 BIF 55 45U b 45 T Js 2. Shang 251 583 T CDOM X #F
FOKPR DOM iy AT ZAE, I FLINR T 85 R A1 505 CDOM R4 AR E 22 [ (/106 22, A5 B T3 —Fh
TR P SRS I 2. Hu 2 R FISEAT DR 7 43 i Xk 2 359 CDOM. i R 5 4 B iF 3464723, 48
R T HIRFORGL B LM N 2. Coch 25 Sl 5 WFFE CDOM S i SEBUASIE AT i ) DOM (14 2 385

ATIFSE X 15 W35 5 O3 A0 A5 S0 7E R (6] K SO EE R CDOM (B 23 43 A5 FEAE HEF 74007 , B3 T 18 s 387
45 P3N 4R S 35) CDOM SR AN RARAE , 3255 1 R /K AL I8 2% R 21 13 /K B ORI 92 WOk, LA o ik — 2B {3
W K AL IR 2R 2k R 7K e AR A FE O AR LS Ik d.

1 RS R

1.1 HERRESLE

W1 FER 72 = S mE DU AR 1 53 50 1 7 A4S (7 ANRE X2 YOOI ) (15 A~ (15 AMFE s X2 W)
K 6 A4 (6 A2 YOI ) 22)22 (0.5 m) AKEERAE L, T 2018 4F 4.7 H AT HFAME R AR, SRARITHIAE
PRVt () 2R G LB v TR ORAE I B A 326 1 S0 35 e i TR et (450°C 5% 4 h) 119 0.7 um fY) Whatman
GF/F SIS AE yb Bt U8, FrA5 KA Fad A 0.22 wm Millipore 3RS I8 , i85 KRR RE AR A I, O T 4°C fH
TRV AT, 76 5 RINSERTA TEAR B9 I 23 A7, 83 0.7 pum B S f4 2K AR 77 D00 5 VA A HILAK ( dissolved
organic carbon, DOC) ¥k ;i 0.22 wm JEAE A /KAEF T CDOM WIS Rl =4t
1.2 /KB

ARWFIEK SCEHR ORISR B AR ER R K #2223 (hitp :// www.hre.gov.en/ ) FIE K ) 22 51 2% (Chitp://
www.yrce.gov.en/ ), fL4& 2018 4732 MR i B R AT 2018 AR 2 A AR Bk &
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Fig.1 Location of sampling sites in Lake Gaoyou, Lake Nansi and Lake Dongping

1.3 HRSEHNE

131 EZAFAHME  RAELEHR Y RKIL 200~ 500 mL 3= 27K 58 i3 & i et ) Whatman GF/F SRR, 12
st I IR AR, IR AR T AL A R ORAE , TI RE B S8 T 90% ZLBEAE 80°C H B, 4R R FH 40 e e B M XE 665 nm
F1750 nm Ab B SGEEME LATHER H 4 2K a( Chla) ¥R, AT (TN) S8l (TP) ¥k B AT 5 34 55 7E 120°C =i
T4 40 min, % Shimadzu UV-2550PC UV-Vis JilE"" . FIF] Shimadzu 475 HLEK 27 ( TOC-L) 7 680°C
IR FR T R NPOC Wl s DOC e

1.3.2 40— W g L #  CDOM IR IOt 1% S 4R Al Shimazdu UV-2550 UV-Vis 43066 B E.

Milli-Q 7K 25 FA X HE B K RESEA 5 em HE AL, 7E 200~ 800 nm HIEIFE 1 nm ({915 & F il CDOM ({1
JE. MR AT (1) FHE R B Rl R ™
a(A) =2.303 D(A)/r (0

A, a(0) 3K A X CDOM IR AL (m™ ), D(A) F541BR 700 nm AW TR TEBE R A (OEHE - 4
A (m).

a(254) # 7~ CDOM 7E 254 nm Kb (W U 22 %0, T % AF CDOM F2 B 42 Sh Wl R %0 SUVA 2
a(254) 55 DOC ¢ S 1 HoAF, FLARIE % CDOM 11 Jif 50 AT 5 1 B AT 18 K. CDOM SRR Sy s 0758
275~295 nm AL FE A HLE A5 B RO TEEOR R OLIE R, BEAETE — € R L I e CDOM 20 i, HCAE /)N,
S CDOM Fy i U5 5 A M i 5 . MR A 3K (2) TS AR Sprsnes

a(A) = a(A) exp [S(Ay=A) ] (2)
KA, A FRS IR 440 nm, S FOGIERER.
1.3.3 Z 45O ml 2 SR F-7000 252506 RE T (Hitachi 20 w]) Il CDOM F&GI A — K b 636
(excitation-emission matrices, EEMs) . {# % 6% 5 [l AE 200 ~ 450 nm, [6][fF 5 nm; %& 6% 76 F 7E 250 ~ 600
nm, [A]FF 1 nm. P75 = 4200000 56 R AK -T2 B RCE , BN NBRE 47K EEMs S6i%, Jf LI 4k
EEMs i1 350 nm # P KR 371 ~428 nm ST B9ZEGHR BERUMEKE T AT EEMs bR A 2 $.07 (Ra-
man unit, R.U. ) ; FER T drEEM T B0 55 466 1 A0 5 35 11047 35 00 AR T 20 5 Ry 20 e A 7 SR M B2 84 % %
S A A TE T LA S R
1.3.4 F4TH F 447 (PARAFAC) % MATLAB R2015b ) drEEM T H.4f (ver.0.2.0) #4747 R 4047,
LB 56 A~ (ZRF- 6 ASFES X2 YOULI , B DU 15 ASHE S X2 YOV, = HE M 7 ASRE <2 YOI ) EEMs
AT I8 58, B HEREXT I 251 ARSI (45 ORI BRI 40 1l 6 A~ FEPL T4, B 3 TR T
AL, T340 3 AT TRIBISAIE , 51> EEMs T 0 N 3 20 73 B8 A0 5] 6 A 40y, ARFT4s AL
7R 3 H R B AR {3 i X 24 K6 56 ( split-half analysis) | ML 4H £k 53 1 ( random initialization analysis)
K BRF 31T (residual analysis) . 5 Jm LAPATE T3 Hras R B4 PG 43 W B RPECIREE (F,,, ) K FRAEDE
S T MBS S Y
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1.4 48
K H SPSS A 5 8 2E 47 K2 R 38 AR OC 1 43 #r, BOHE Gt 5 B R 4 6 R H Origin 8.5 4, R H
MATLAB R2015b #f4:1 d'EEM T EHAS #EA7 AT K 4 B At

2 BRESMH

2.1 JKCHEME

Y G 8- DT 26 0 A P80 B T, K SO, e
B 1—4 J1 19— 12 J1 WM R EIZE 16.0~58.2 mm il 5— 8 J1 R RSt 1 6 89.4~ 196.9 mm. 45F-1§] 2018
AE1—5 HEKIEAE 2.6 {2.~2.8 12 m/s,6— 12 HE/KEAE 2.9 /2.~5.3 {2 m*/s. HEit, ABF54% 2018 4 4 A
RIS 2018 45 7 A Rk,
2.2 TEKFSHIFLE

FIRBIATEW TP TN Fil Chla Y 535 85 FHi K (t-test, P<0.01 K P<0.01). RiPU3H) TN, TP Chl.a
(P<0.01) F1 DOC ( P<0.05) #e B 7E 427K 3 25 TAL /K 2. E5 B3 TP TN il Chl.a e B 7E K B4 B 2 T
K (1-test, P<0.01) ,DOC ¥ T 295 5.

# 1 ARZEA 200 3 AN EEOK RS EI E2E R a2

Tab.1 Mean difference of main water quality parameters of three lakes in different seasons using ¢-test

bisiRIg| I Ji) TP/ ( ng/L) TN/ (mg/L) Chl.a/( pg/L) DOC/(mg/L)
AR FKki 61+31 1.24+0.22 35.34£16.51 5.32+0.37
ik 47+8 0.89+0.05 5.34+3.24 4.76+0.71
P >0.05 <0.01 <0.01 >0.05
T DU FKkI 78+66 1.27+0.37 44.99+29.92 5.59+0.95
ik 39 6034 1.11+0.25 11.67£5.66 4.58+0.63
P >0.05 >0.05 <0.01 <0.05
T R FoKkI 93+30 2.28+0.36 38.35+20.74 3.83+0.40
ik 4546 1.64+0.38 9.62+3.74 3.64+0.26
P <0.01 <0.01 <0.01 >0.05

2.3 CDOM £8 i 5B K = FE B B 28 93 R 4% 4E

IR 2 AT IR Y, 2R T 1 S s 0 TE F 7KL 2 K T KA (s-test, P<0.05) , 1M a(254) Fil SUVA 7E |
RiKIATC 2 2% . PRI T @ (254) Al SUVA (EFER] i DA, i TR CVRAIR, S5 005 TELAE
HB R AR @ (254) 5 2EARIIMIL, Syrs.a0s TEAI TS, 0 D 54K, SUVA 2SR 5 S,y 005 IEAR

% 2 CDOM - ZRFAESHAEA FIKSCRAE T 1 ¢ Ka s
Tab.2 Properties of the mean of the three fluorescent components and significance levels of difference

between in different hydrological scenarios using ¢-test

HIRE] Fisf [F1] a(254)/m™! So75.005/ pm”"! SUVA/(L/(m - mg))

P ] Fk 22.33+2.32 23.88+0.70 4.20+0.42
A7k 23.04+3.30 22.16+1.44 4.98+1.37

P >0.05 <0.05 >0.05
T Y9 F2 K 24.93+6.09 21.48+1.07 4.57+1.22
ik 4 21.15+4.64 21.53+2.08 4.711.19

P >0.05 >0.05 >0.05
15 R I8 FKkH 22.86+4.41 18.12+0.57 7.61£0.65
K ) 16.61x0.98 21.50+0.81 4.70+0.31

P <0.01 <0.01 <0.01
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R (FE 2e~) . FEPUIBIA K SCIE R T a(254) (S50 F1 SUVA JCR 225 SAFIIHIEL FEKI a(254) 1F
SR DX A3 A3, S5 005 TE T GO RTINS 730 DX ERAIG , 117 SUVA fH A3 5 S5005 0 B2, FLAHAE N ELWINA
B MK a (254) 78 BB B B 8, Sarsos £ L RIE S, WAL T I B A%, SUVA 5 2 #H
(& 2g~1). B HRIATEF AR Y B2 8 @ (254) SUVA {3 5832 TAE K (t-test, P<0.01) 1M1 Sy5.005 8.5
T A (-test, P<0.01). F2oKIH a(254) fEAE 2 B PG R A DX IR A, 1 P4 1) 7R St B B 20, S 5 00 THL
TE VTG XA, 17 SUVA (B AL 75 0 APE R DAL 7. 7K @ (254) | Sy5005 Al SUVA S5 A 58— 2 (
2m~r).

2018-07 2018-04 2018-07 2018-04 2018-07 2018-04 B
— a(254)/m

@) ®) - @ | ¥ (h) | (m) () <170
- "- - I 17.0~18.5

< L 18.5~20.0
\ g ™ 200215
[21.5-23.0

. ! 1230

[ = )
© J @ Q) 0 |© ®) e
=}

18.5~19.5
19.5-21.0
. 21.0~225

- [225-24.0
§>240
SUVA/(L/(m*mg))

© " o 3 ® » | @ ® o
L -4 - 3.8-4.3

* 43~4.8

. 4.8~5.3

\)s ‘b » Al B
& 2 A7 R DU R B @ (254) \Sps00s F1 SUVA B 28 4345

((a) ~ () HAFM, (g) ~ (1) UM, (m) ~ (v) H e
Fig.2 Spatial and temporal distribution of a(254), CDOM spectral slope S,;s s and

-

specific ultraviolet absorption at 254 nm SUVA in Lake Dongping, Lake Nansi and Lake Gaoyou
((a)=(f) are Lake Dongping, (g)—(1) are Lake Nansi and (m)—(r) are Lake Gaoyou)

2.4 FEHASEAE

2.4.1 FORH AT B3 R PARAFAC BN 23 V- 1 110 140 5 I 0 A0 R Py = 45 6 6 4 o HE A T
SRR R U615 H 1 3 ASTEELL Y. 3 DL BRI AT LIAR L A I = 408 it 4 | e 3 4
S IR BB TR C1, 25 (0 4R C2 FIZKEAARR C3. 414) C1 B8 it ELAT i A M My o+ A WL O
TEERE , R SRR D3 B2 430,250 nm'™ L 44y C2 980 8 W 5 B IR A I R KRR 56, MR E
FUR AP IO RR TR A 1 A& SR AE 350 nm b, 2 ANECR K, B 225 F11275 nm 4. 444y €3
— PR B, SN MK R TP Ak R B A A R, OGO (275 nm/310
nm) {25 R I AR R

242 FORA M RSB HE 3 AT, KWW 3 AN PGR8BI TR A (t-test, P<
0.01) , 1M HA= K] 3 A28 )43 A — B (18] da~ ) . 5 7F WA R (92 , BT VUMILH 43 €2, C3 38 i B 77
A B T A A (-test, P<0.01) , FLAL4y C2 B JE 70 A K W1 B 5. AR RIK SCIE B, 443 €2,
C3 PEHRBE I T4 CL. 18] 4g~j W B X B F 901 X 7 1], 4143 C2.C3 A i, i 4> Cl
FEAR IR SO 2 1) 43 A AR ARL , FLAE HE 0 80K 5 R - 380 o DU A S, W86 IR 411 43 €1 B3 B A =
R TR SRR (R T, BLZESY C1.C2 63 5235 5 T A K ] (e-test, P<0.01). &l 4m .q # W
FRIA S MR VY AL X 40 43 1, C3 5 B 3 i F A X 8. A7k A 3 A2 407 e R A 2 1) 0 A e 485 (
4n, p, r).
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Fig.3 Fluorescent spectra of the three PARAFAC components

(The three-component-model was well-validated using split-half validation procedure )

3 3 MNP EETEAR FKSCEAF T M 25 5 B HACF ¢ i 4 2R
Tab.3 Properties of the mean of the three fluorescent components and significance levels of difference in

different hydrological scenarios using ¢-test

i RIE] i ] Cl c2 3
RO FkH 0.64+0.06 0.70£0.03 0.39+0.06
HiZk 44 0.72+0.06 1.12+0.18 0.68+0.18

P <0.05 <0.01 <0.01
g Ui kI 0.65+0.14 0.68+0.12 0.57+0.16
ik 0.67+0.15 1.19£0.55 0.88+0.34

P >0.05 <0.01 <0.01
a1 M 38 Feok i 0.85+0.18 0.38+0.06 0.31+0.05
ik 4 0.56+0.03 0.49+0.05 0.35+0.03

P <0.01 <0.01 >0.05

2.5 BRBEHEFEKRSHAX M

R R PO g CDOM IS AC S e % LA e 7K Tt 2 B AN () 7K S 5% A 25 18] G A A7 76 AR UL R
RIS X 2 AN AT AE WS A 22 53, DR LR AR 10 L pl DU Rl R RE AT AR SR AT R S LR 6 T
PAF i, TP TN H1 Chl.a 55 i BRI 28 8 58 BT 9 L 1 B 45 1 35 AE AR OGP, 26 8 115 Chla YR B 52 AR OC.
AR | R DU I I B TR O R BE 5 TP AT i TEAR DG R R RPO IR E S TN ARG, I A 4l
435 Chl.a DOC IR GFARSE. 5 HR W A B FBTOEO LIRS @ (254) (SUVA B35 IEARSE, i g PO AR
ISR IS T IOER L S a(254) FHOGHERSS .
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Fig.4 Spatial and temporal distribution of fluorescence intensity of three components in Lake Dongping, Lake Nansi

and Lake Gaoyou( (a)—(f) are Lake Dongping, (g)—(1) are Lake Nansi and (m)—(r) are Lake Gaoyou)

3 itit

3.1 kRS #5 CDOM HSRiRE M KX T

CDOM ZEH M Al AE— s R IR DOC IR, 52525 3 4 A SE AR ) R RDK SO B 1
HIE) DOC ¥ 2 5 2 6 58 ¢ I 2 52 W 3 TE AR O, 5 S HE AL 739 i AR G M 22 | IX TR 2R I 7
SRR P HRIH] DOC SEZEAMGI. 1 phy T e W) (0 T P ) 1 0, Dy S Y e K Y , K i B I TR, 3%
i CDOM 1 DOC F=2E34 [ - g ] 3 35 ¥ /K A 0 46 i (4 - 308 LI A S 10T e D0 0 R A 1380 26 g .
Jit 5 DOC RS , IS EE A PO 5 DOC B GURISE, 1l DOC TEAS KB , 22 W PTIANA 1E A 7K 39 52
PR TARNM TS G L K A5 S SRR ™ AR AF ™ AR5 L /R Chla e300, K ik 6 A
SN R AR AT B3 R B R0 B 3 GHE ™ ARBEE 3 AN Chla W 5 MRS 8
FIPIIRAT SR DGHE 3 A I3 28 26 10 20100 9O 38 B 39 788 1 K00, Mayer 251 % 040 R ] 11358 43 4 A0
CDOM # b AT IXBLGE  IX IR 3 WA T IR ALY, RV (0 R R K i 2d A 2 20K A Il A=
WIBET W A ST MBI T A 305 0 70 3 4 9 20 1 28 0 R B S I R R S R 9O A5 5 7 Tk
A 3 A WAPIRRR S A R 2 (K I) e T R8-S5 9010 R AN 2R A 7 A 3 K HE ARG T g R
WIZIEFTT S Chl.a W EEA B A TEAR OGN , F T e IS I) v o7 U A 00 1) A I e i A v 0 ol D248 D6 9
A, SFoKI Chl.a ¥R (o (254) FIS 58 5 9¢ 0tk 2 45 s T Ak KU AT LASE— 25 5 . [m) I, g R 980 1) 2K
FHIRAEOLHRE S TN TP A 35 IEAR SR W 1 RE IS 78 B (50 A5 R JC R I R A AL S DIAR G, X 5 8
ol BT — 5L
3.2 EE NN #A COOM kiR 5 4 A K220

—MAEBLT , R A CDOM F2#0k F RERA A, I ELR IR A 23 #5315 Kbk 1) RO AT B sk A
AR AT ST SE SR, MRS CDOM = B R3] A W1 KB 7, 11 P I A T IR AR RE 3 S s 005 TE R A
S AL AR , TS B S 375005 L 1 TRT 10 DX [6] WK DX 7484 DK , 36 380 A o 58 0 9 AT LB i A5 5 L o BT i 353
LT i A TR IR TH) CDOM 9 == 2 STk U, . CDOM [ B X 4 % b 6 v — D 1l % 4 40 90 A s 8, 57 —
D7 T, S8 40305 B0 RO R AV IR S35 s S CDOM T A ™ A 7 1 5% I 2 P 08 1 o J38 320 4
Rt — P EDE L3R5, R DO I B2 GO, A K DT R O 38 2 CDOM 2w T |
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Fig.5 Correlations between the three PARAFAC components and main water quality parameters
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Fig.6 Correlations between the three PARAFAC components and fluorescence characteristic parameter
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