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Abstract; Most lakes in the Yangtze River Delta are not directly connected to the mainstem of the Yangtze River, and are charac-
terized by low and flat terrain, limited water exchange, long water retention time, and with dense towns and population in the sur-
rounding areas. Therefore, those lakes share distinct sources and optical composition of chromophoric dissolved organic matter
(CDOM) and associated driving factors compared with lakes connecting to the mainstem that have short water retention time. In

this study, we selected three medium-sized yet important lakes that are not directly connected to the mainstem of the Yangtze Riv-
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er, i.e. Lake Gehu, Lake Dianshan and Lake Yangcheng, to analyze the characteristics of optical composition of CDOM under the
wet, wet-to-dry transition, and dry hydrological scenarios. Using parallel factor analysis, we obtained two humic-like ( C1 and C4)

and two protein-like (C2 and C3) components. High fluorescence intensity ( F of protein-like components in the three lakes

mas )
were observed in all these lake with surrounding high urban land use, and the R* of linear fittings of correlation between protein-
like components and chlorophyll-a concentration were low, indicating that the protein-like components were affected by both algal
degradation and anthropogenic effluents. The mean of F . of protein-like components and total nitrogen concentration in the three
lakes were significantly higher in dry season than in wet season, indicating that increased rainfall can dilute the concentration of
dissolved organic substances in these lakes. Significant positive correlations were recorded between humic-like materials and dis-
solved organic carbon, total nitrogen, total phosphorus, chlorophyll-a. Meanwhile, with increasing rainfall, the contribution per-
centages of protein-like components decreased from 86.84% to 62.49% in Lake Gehu, and from 96.53% to 90.56% in Lake Dians-
han, and from 98.40% to 96.26% in Lake Yangcheng, indicating that rainfall events could also enhance the erosion soil leachates
and discharge more soil organic-rich substances into the lakes. We concluded that rainfall events and human activities altogether ac-
ted on the CDOM dynamics in the three lakes, and our results enriches the research data on carbon cycling in these lakes and im-
proves our knowledge on making advanced schemes for the protection of water supply security in the Taihu Basin.

Keywords ; Taihu Basin; chromophoric dissolved organic matter; optical properties; parallel factor analysis (PARAFAC) ; an-

thropogenic activities; Lake Gehu; Lake Dianshan; Lake Yangcheng
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Fig.1 Location of sampling sites in Lake Gehu, Lake Dianshan and Lake Yangcheng
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AR EECTN) L (TP ) Ve B 2 B, 15 iR G R AERE M B SPIRAS , B RE s A L 25 mL ZK R
JRHEATIGE. BEFS H LA 0.7 wm ) Whatman GF/F JEAE 450°C f il T XI5 4 he JHY AS B 5 gk
R ARS8 B HE A DL 73 BT (TOC-L) 7E 680°C iy ifit I I E is A A7 Hlik (DOC) WRBE. 43R
a W& P AT N AR B2 SN G RE A TIN5 L B RIS DOC ¥k BE (K BE PR ALAR  0.22 pm 1
Millipore it I , 3o 85 B /KA 2B A TS BR Uk 04 R Hh v DR A, AL AT & 1 B B RO 31 = IR

CDOM S i 2280 = 258 4 Shimazdu UV-2550 UV-Vis 23606 FHIE 48 0.22 pum 1 Millipore i i
B A AT S em B FEEIL, DA Milli-Q ZKAE ) 5288 925 UM IR FEITRR S 1 nm f) 200 ~ 800 nm Kl
N3RS CDOM [RGBl 25 700 nm 42b 1 W B SRR R G B8 HEAT SRR IE. A A0 (1) 3% Rz ik
IS TIES ¢

a(A) = 2.303D (A)/r (1)

A, a(A) FoR PR A BRI CDOM IR A, m ™, D (X)) FoR K A AR IS ORI, r 2R
B m. AECUHIFSE T 254 nm Ab IR CR AL 0 (254) Hi7i CDOM e . ] a(250) :a(365) i3
CDOM IAHXS 43 F K/, Z R BT TR W], CDOM AHXT 43 T 8K ,a (250) 1a(365) 8/, IF HisAE Y 56 H
4 PEARS 43T RN

CDOM =452 %1 ( excitation-emission matrices, EEMs) 3% i Hitachi 2 7] (4 F-7000 U7 565 5 3
FE  WOR AR 143 i 7E 200 ~450 nm (5 nm f[a]FE ) F1 250~600 nm (1 nm fY[EIFE) . 4 H U Milli-Q 4F
75 [ EEMs, FJRATTIE KA EEMs Hf R i & B i i i it 2 2% . @5 deEEM TR A3 B 10 Jr 125 25 B B )
A A A2 (2) AR R A A i RO BT BR EEMs 1) PN 8 B A0
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Ui R FR 2 Ay W 4 R — SR B A EEMSs 50808 T DLt 4 Ao R RVIR G i R P4 T o i A 30
BADOCH I TR RARIHE(F,,, ) FILARAEE L P ) BT 5O LR .

1.4 JkC ¥R

AT ST U A 7K SCEE d KRR A A B8R (http :// www. tha.gov.cn/ ) SRS H] 4145 2018 4 1 4
TR B IS T R S R R R
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i ik TBM SPSS Statistics 22 #RAFHATEAI G404, H P 453450 ARl 22 0 K3  TTAR 73047 (redun-
dancy analysis, RDA) FAHSEHE 34T ddid Origin 2018 EPFZEATIEIZRAYLZ 6] , 4T ArcGIS 10.2 P25 10]
TRAE A2 .
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T a(254) Fil DOC WJE M4 18 S BRAF K 00> P24 6T 8o
FoR > A 28 AL , FOr A K 9B a (254) B 41 2 2018 4 AW
ERT K (t-test, P<0.05) , Hi7ZkK ] DOC vk jis i 3% DA F - Hg e R
KT F K B (e-test, P<0.05) ; P\23[a] 4345 I Fig.2 Monthly mean rainfall
T KSR K B0 AR L8 AT X 19 a (254) A1 DOC in the Taihu Basin in 2018
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a(250) :a(365) 7£ PG AN X A i T HAb W DX & LI R A a (254) 2E 2T 13RI P K 01>
FARIISAAK I (1-test, P> 0.05) ,DOC ¥ B R I A Al K> F= 7K 1> 7K 8], HAF K30 DOC ¥R I 23 T
FKHA (1-test, P<0.01). a(250) :a(365) {H7EF- 7K HAFI=F /K HA 835 75 F A 7K HA (e-test, P<0.05). 7EAi7K H A
SR, VE L @ (254) F1 DOC R J3E 16 74 g A0 X 50 I8 T AR 801X, 13 7 27K 1, DOC i J32 75 76 g i [X.
ANALHR K5 T AR ERHIIX. a(250) 2a(365) (i N VH R A B8 DX 1) b3 8 DCZE i /. B ) @ (254) Rl DOC
WPE T S B 5 2 S 3 AR KA > A K > S K (-test, P<0.05) ,a(250) a(365) Jg 7K >
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Tab.1 Mean values of main characteristic parameters of chromophoric dissolved organic matter in different seasons

Wi PE LS I5F1 75 187
FW 4(254)/ DOC/  a(250): a(254)/  DOC/  a(250): a(254)/  DOC/  a(250):
m! (mg/L)  a(365) m! (mg/L)  a(365) m! (mg/L)  a(365)

i 20.92£3.68 4.2£0.54 4.82+1.30 18.91£0.73 4.27+0.75 8.31+0.52 19.52+2.01 3.1+0.25 7.65+1.23
o 16.85£1.40 3.33+0.22  6.38+1.59 21.51+2.38 3.44:0.12 5.42+0.80 15.2+2.28 2.72+0.51 7.48+1.87
F  17.98+1.34 3.38£0.20 7.42+0.13 19.8+0.73 3.97+0.09 8.81x0.36 21.87+1.31 3.81+0.27 7.87£0.70
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Fig.3 Variabilities of a(254) , dissolved organic carbon concentration and a(250) :a(365) in Lake Gehu (G),
Lake Dianshan (D) and Lake Yangcheng (Y) in January (1, 4, 7), April (2, 5, 8)
and July (3, 6, 9) of 2018
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CA X7 g 68 080 >V L0 > 18 (39 2) . ki) B 1L 980 70 5T 88 T80 i D5 2K g LR 1 7R 3= LI 3R B 420K
> RIS A KU ) AR PO IRRAE (2 2) . s 18] L, T8 980 ) oo 0 2 B 000 DX B A0 G , 3 L L3 ) g L =
TG PR VY e B, RS D00 v {0 e BRAE T AR (181 5) . TR W FNE LI 26 2R B €2, C3 FIZE I AH
M C4 7EZ=47 RIS K] > Pk 0] > 2740 (9 A2 AR 38, BHTEE 9 2 B0 H AR ZAH > 2 A4 > P A4 ) A A
ik, 23 T8 L S )R 5E 70180 24 B e 390 DA ) 10 Ak 5 e B8 A e, T L 980 ) 38 R S 90980 X g T 14 e T
DX(IES). % 3 DWRATERS AR AN ST 4 AL 99 Eom AT t-test 16560, KL 4 FhAL 73 1EA [
ARSI 5 R 22 Sk B35 (P<0.05) . 3 AN CDOM Z54g ¥ LIS [ F N 3, I HLBE & K07 1 BT, 26
JEE LIS ) SRR IZ W in (141 6)

2 3NNA 4 DL POLER R AR K SO 5 R i
Tab.2 Mean values of fluorescence intensity of the four kinds of chromophoric dissolved

organic matter in different seasons

RIFFT  FEART

WA Z CI1/R.U. C2/R.U. C3/R.U. C4/R.U. G% A%
bR i 7K 9 0.70+0.11 4.23+1.57 2.80+0.80 0.3420.10 13.16 86.84
K 0.69+0.10 2.00+0.18 1.46+0.18 0.22+0.02 20.91 79.09
F2K 0.73+0.07 0.89+0.07 0.63+0.03 0.18+0.01 37.51 62.49
VE L 7K A 0.25+0.01 12.06+1.12 11.68+1.80 0.60+0.03 3.47 96.53
K 0.47+0.11 7.94£0.90 6.83£2.05 0.40+0.06 5.66 94.33
F Kk 0.60+0.07 3.78+0.18 4.55+0.79 0.26+0.03 9.44 90.56
FH V1 Hhok 0 17.97+3.40 21.86+2.91 0.64+0.10 1.60 98.40
oK 0.24+0.11 7.17+2.89 9.21+3.74 0.39+0.08 4.17 95.83
FKH 0.33+0.06 7.23+1.81 12.28+2.61 0.39£0.05 3.74 96.26

2.5 FEKRSHEIFE

TR, TP M BE S T2 K0 0 2 R ALK (i-test, P<0.05) , TN #k B2 St 7K 81> 32 7K 01>k 1, 7Kk 3
AR T A K IA FE K Y (t-test, P<0.01) , Chl.a ¥ B A Ak 7K 30) 35K K 910 32 7K 39 (-test, P<0.01).
VE LI R, TP 2 2 32 /K>S K > A K0T, TN Vi 8 S Al 70T > A0 > SE k30, LAl /K0 5 F= K i 22
S 8.3 (1-test, P<0.01) , Chl.a ¥R EE R~ F7K 1> K WIS MK 1. FREEIH, TP ¥ B2 APk > F K > A7k 0]
(t-test, P<0.05) , TN ¥ i K 01> K > FE /K3, Chl.a ¥k B SR FE K 3 > 7K W > A 7K 3 (t-test, P<0.05)
(33).
2.6 3NMIAR AN SHES BB X

MR DCA 25 SEAT A0, HEFP i 0 K 44/ T 2, DRMAT LA 30 L 3 L0 0 B 78380 CDOM. 93¢ G4 43 Fnk 4
Hfb 2 84T RDA 7387 (B 7). Chla TN I TP ¥ 55 G50 A ICIE R 19 59.1% (R EU7E RDATL Bl I, A
AT 22 B8 IR L S B SEE R 1 62% , X 6B K IR A BALME BT 55 CDOM 4143 1 9 i B A 4 58 X A
. FETF oG, #EAT T 0HET AT el 0, T CDOM 2549 37 [l U5 28 & LR C1.Chl.a [ TN HI TP ¥ 1) £ 2L5%
W), 156 B ELA B AN AR 5. BRI RITE LS CDOM 454452 BRI 3 B R C1 ZR A il 4 C2 F
C3 Ay ) 52

A4 3 AW R TR WK S — 2L BEF T 9RO 43 BRSO AE GRS (181 8) , T LA 31, B2 g 1L
iz C1 5ICREE a(250) :a(365) HA BEM AR, 5 DOC TP TN F Chl.a ¥R BF 52 &3 IEAHSC (P<



174 J. Lake Sei. (#a#%),2021,33(1)

G-1 G2 G3 1~ |D- D3 Y1 Y2 Y3 -
o B 0.14~0.35
< 7 [ 0.35~0.50
ST, ! €W |=20.50~0.63
S - P - 5 0.63~0.68
- 9 0.63~0.93
G-4 G-5 G-6 -4 D-6 Y-4 Y-5 Y-6 C-Z/ 5‘2%2
> i 4 |mm2.02-338
. N Y ? [13.38~4.80
LT . [14.80~8.89
oy A I 889~15.50
: . W 15.50-22.37
G-7 G-8 G-9 7 D-9 Y-7 Y-8 Y-9 i <0.63
i . 0.63~1.45
i = 143256
; 12.86~6.61
= 1 T |C6.61~11.27
g0 - = 11.27~18.19
-5 10~2500
G-100® |G-1 G-1 D-10 /7 |D-11 D-12 Y-10 Y-11 Y-12 . <0.19
. B 0.19°0.21
9 £0.21~0.26
[ R / £0.26~037
j £10.37~0.41
g @ 5 0.41~0.60
. (.60~0.83

KIS T (G) TELLESI (D) FBHE W (Y) 2018 4F 1 H (SX R PR A 1.4.7,10)
4 A(2.5.8.11) 17 H(3.6.9.12)4 FAR[FZSGH 4 0 010
Fig.5 Spatial variations of the four fluorescence components in Lake Gehu (G), Lake Dianshan (D) and

Lake Yangcheng (Y) in January (1, 4, 7, 10), April (2, 5, 8, 11) and July (3, 6, 9, 12) of 2018
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Fig.6 Contribution ratio of fluorescence components in Lake Dianshan, Lake Gehu and Lake Yangcheng
0.01) , X PEIIRG IS & R C1 l g5 AN RHRI DR G, S (MR C2 EME R C3 ISR
C4 5 DOC e i W TC W] . A AE DG PE (3R 4) , 3 H. Chla ¥k B2 5288 A BRI fAE G, Ui WIS 2R 1 AN o
VT B AR AL R 5000 R S5 5T
3 itit

TR T LA PRV AR T TR S TR I R N VB RE AR Y MBI, TRK 7 3R S

it 2 I ) L™ A, K O AN , oA B 1L T8 5 BH P 9 CDOM. R YR AN A A5 7K A8 fe Jo S 5 et 1)
VLA, B, 3 NI R EE OB FRIE R Ty, 2 AR & IR0 R SR AL W, S EOWA N



& R AREREFTTRIZAMIER TG CGBHILHAFREY) A ETIEREANDARIEE 175

3 A I N E B SR AN R 24 26 R T i3

Tab.3 Mean values of water quality parameters of three lakes in different seasons

1A 1 BB/ (mg/L) BA/ (mg/L) MiZ o/ (pg/L)
=] 7Kk 453 0.19+0.04 3.97+1.04 7.50+3.66
Sk Y 0.25+0.04 2.49+0.41 89.06+33.98
7K 3 0.30+0.05 3.18+0.24 89.30+38.67
YELLH A7k 0.11+0.01 4.81+0.07 4.64+1.80
SE ok 0.12+0.01 2.57+0.67 35.39+23.07
Esy/ &li] 0.16+0.08 1.76+0.43 15.47+15.21
[ERER] KA 0.05+0.01 1.66+0.58 3.20+3.66
S K HA 0.14+0.03 1.56+0.20 17.78+9.93
Fk 0.10+£0.03 1.26+0.07 44.17+19.51
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Fig.7 The ordination diagram of redundancy
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Fig.8 Correlations between fluorescence intensity of terrestrial humic-like component C1 and

other DOM-related parameters
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Tab.4 Pearson’s correlation coefficient of the fluorescence intensities of the four components and

water quality parameters, absorption coefficient at 254 nm and dissolved organic matter concentration

Ay a(254) a(250) :a(365) WA HLIR B BA M4 a
c2 0.22 0.22 -0.18 -0.74* -0.22 -0.56""
3 0.21 0.35" -0.19 -0.79* -0.44* -0.51*
c4 0.30" 0.12 -0.08 -0.72* -0.10 -0.60**

w# FRRAE 0.01 ZKFAHOCPE 2.+ FIRTE 0.05 /KA M B %

S T TE L) R BE v )5 ) H A R ) A € AT B O SRS A BB
Syr5-205 ~SUVA L, F5E G EL BIX Ko HIX X} [t
Tab.5 Comparison of chromophoric dissolved organic matter absorption coefficient, dissolved
organic matter concentration, S,;s_,s, SUVA,s,, BIX and HIX for the samples
collected in this study and from other published studies

WAL FE  a(254)/m™" a(250) :a(365) DOC/(mg/L)  Sys_s9s/wm™" SUVA,s,/(L/(mg-m)) BIX HIX

MR 18.58 6.21 3.63 17.33 5.14 1.12 0.88
VE L 20.30 7.35 3.82 18.71 5.39 1.42 0.21
o7 760 18.99 7.68 3.23 18.01 5.91 1.67 0.12
b - - 5.48 20.13 - _ _

i - - - — — >1.0 1.88
B FE i L35 12.84 — 1.77 15.73 - — —
i) 12.44 — 1.33~2.03 15.95 - — —
R 31 g 1 9.24 - 1.36 16.96 — - —
NisES e 20.89 — 4.21 19.32 4.95 — -
- 5520 — 7.47 1.52 20.2 — - —
K H L) - 8.47 - - - - -
K3 — — 5.92 — 4.87 — -
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