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Characteristics and sources of CDOM in the drainage system of Water Diversion from
Yangtze River to Lake Taihu
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Abstract: Based on the investigation of the water body of the drainage system of Water Diversion from Yangtze River to Lake
Taihu, the absorbance spectrum and fluorescent characteristics of chromophoric dissolved organic matter (CDOM) and its source
were analyzed. The correlation between CDOM and some water quality indexes including pH, DO and chlorophyll-a concentrations
was discussed. The results showed that CDOM concentrations were positively correlated with their absorption coefficients at 355nm
with significantly spatial differences. S values also indicated that Wangyu River was affected by terrestrial input much more than
other areas. Five fluorophores were observed by three dimensional excitation emission matrix (3DEEM) fluorescence spectroscopy
including UVC protein-like, UVB protein-like, UVA humic-like, UVB humic-like, and UVC humic-like fluorescent signals. The
fluorescence intensities of protein-like fractions (especially peak T) were much stronger than those of humic-like fractions. Both
pH and DO concentrations exponentially decreased with CDOM concentrations. According to the correlation between chlorophyll-a
concentrations and CDOM concentrations, humic-like fluorescent signal might transformed by microorganisms. Fluorescence index
had a value of about 1.9, therefore, CDOM could be dominated mainly by local microbial sources, and terrestrial input could be
also a source of CDOM for part of the rivers.
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Fig. 1 Location of sampling sites of the drainage system from Yangtze River to Lake Taihu
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Tab. 1 Basic features of the drainage system of Water Diversion from Yangize River to Lake Taihu

SRFEQL B - T4 LIRSS M4t % a A ey a(355) CDOM
(FEED p (mg/L) (pS/cm) (pg/L) (mg/L) (mg/L) (m™") (pg/L)
KT 7.61 5.91 346 25.5 0.73 0.14 1.20 5.33
(n=1)
o) 7.40 4.20 743 101 1.14 0.17 5.86 16.72
(n=9) (7.14-7.76) (2.00-6.03) (348-1029) (17.9-190) (0.85-1.64) (0.14-0.21) (1.5-10.2) (4.88-26.4)
KA X 7.90 7.20 473 25.9 0.40 0.06 3. 14 6.14
(n=6) (7.43-8.20) (6.18-8.08) (437-496) (15.5-35.4) (0.36-0.45) (0.031-0.090) (1.13-8.64) (4.04-8.36)
AT 7.30 5.20 372 25.6 0.62 0.08 3.46 9.30
(n=5) (7.08-7.49) (3.38-7.57) (340-412) (19.8-33.7) (0.38-0.88) (0.037-0.12) (0.67-5.23) (5.63-12.6)
vE L 7.46 6.03 624 21.0 1.02 0.18 3.59 10.58
(n=1)
CDOM M =Y a (355) HIH W 22 W LR AR OC 9 7CDOM(pg/L) -
PE(r=0.77,P <0.0001 ,n =22) (& 3), Hri 11" RS Y S{. >
a(355) B RE (8. 64) ARMEE G IC 5%, ZmfE Tt 7124 ) g 1Lt
W AR HAE TR AR, IR B o, Boq 0 [ Y
\

St CDOM elf K HLUCR BB, 178 P A e
- (o @..)

o)

|
T PR S AR T 3l 5 T VTR R RO AR DR A, 8K, 1 4 8 ©
5 R B AR LE , HE O AT CDOM VR BE R g 2 3 .4 Kkl \
CRBO BIIE, BT 5% % o MR NS 2 o \8/
FRPRALI T RBIAR X, F2 B R Ry SRR ], 2R ) 35 0 200 400 600 800 1000 1200

A MRALTIK  ARATEAR , 19 7 JE R U R 52 45 ST I
2T o R TS A B 7 N o 0 DA 5 W 1
R HE AN , {EL G 15 2 A DR de B B3] 2 9 75 7K
H S B PR TS D G i ()

“HBIVL TR K RS (A2 LB, 1E 14. 95 -

L5534 (uS/em)
2 CDOM ¥ 52 15 1 fife SRR B Al
HL R IR G AR
Fig.2 CDOM concentrations versus DO

concentrations and conductivities



66 J. Lake Sci. (#a#%),2010,22(1)

32.09um ™' Z i, 1% 20.92um ™ (8] 3) . ARG S HE0 25 52 i T CDOM S I )35 1 A, 2550 4
W4 (humic acid) FCOIREES 5 HLR (fulvie acid) HCGIRUER, ) CDOM 43 TRk (S fE#/N > o 7 A N HE
TR A A WL A B9 CDOM, 5545 B R0RR 14 Ho 49 K , 25 S0 S (ELORMIE ™. AT % B, SR B0 |
KWIARIX B L1380 KT T S (BRI N, 6 IA BRI CDOM Hh 35 K414 (K 1 AR LU e 85, 32 4h
T A BRI . b TR L7 18" 32 SNSRI, S (R, H: CDOM LI A=) [ B WA ) 7 LA A
T LR W R BN, CDOM W BEAAIR, (75 @ (355) S i fie/ . 3B A WF5E 4% B, CDOM F iz e 22 %0 5
S EAFAE—SE I FUREIC 2, TTRN SR JC A R4 0o 1), DRI AR 5 B FRL PR 11 L (918 f 77 A — 2 9 AS L)
P CHIITEER KR KR CDOM $HIES%K a(355) 5 S (AR (B 4) £, — % BRI R M
LRAPERIFERANA R IS BR B A (r = 0. 82) AU EHE LERPEILS (£ =0.70) L.

1 1 1 1 1 1 229
12 18 %
30
10
F25
£ [0 z
2 °7 L1s 3 z
¥ 44 L10
57 <
2 = %? LS
0 T T T T T —0 10 T T T T 1 1
) 5 10 15 20 25 30 0 2 4 6 8 10 12
CDOM(ng/L) a(355)(m™)
3 W R B E R RS CDOM 5 5 2 [ 5K 5 Kl 4 CDOM FHIES %L a(355) 5 S{HAY R AR
Fig.3 CDOM content versus absorption coefficients Fig. 4 Correlation between a(355)
and spectra slope and spectra slope

2.2 CDOM Hy%& 4514

M BIVLEE R 7K R A ] K S MR KRR 1 = 9 P (B S) Kbty T 5 ROl A 2241k
C XREHIOEH (I S,T) FIME B XIEHTOLHI (1 T) I A KERIFFHRZOLH (1 C) (MG
B X T IAOCIT HEIME C XTI A (e A) AN [ AR R G e LA 7 28 1t 38 11 1 —
7R T AR KSR CDOM ok SRR — B2 SEOEIRIE A, LA UVC 288 90 T s UVB 2
PO S WZ AR UL, WAL A R C A5 B 25 AR 22, 3220 BUAE W 25 LK 1 o 3
SRR R AR AE 47 77 8T KRE PR ORI 77 8 IR S B IR , 3K SE S T U
I AMNEFZME AR, NI, K RE i B2 R A PO R R T 2RI S Bt , AN AT W 15 7K (0 i AL BE
SRR UVB K2R 4140 S W T WS- M5 S s 7 Bl 7E R T 1 B VA5 K IR I B 7 vt %
R INIPIE S
2.3 CDOM HIsRIESH7

X BITTHE R 2K KA B PR BAAE ) BEA T 16 AT 2k RPN AE | 45 R AR Wkl + HV B0 LU fe e, 2
BN, W L BIARAC (18 6) . ARZ TSR IR IR ™ A2 1) DOM 280 BA SOLRIE , (HR AR /KA T
PEIE TR ATREAL R BT SO CDOM P i B2 7= AR BB R OS5 45 IR W (i 4k 3%
a W5 CDOM ¥R B 5 b 5 2R A O (1 =0. 74, P <0.0001 ,n =22) (11 7) | 3XAE B /K AR 5 2 IF 22 6 UL
B BRI UCRAE I B A KA & AR R CDOM [y Ji 38 2 23 32 PR A A8 AR i 52 0 , 57 107 1) i
LRSI, JUHOR 107 RE B + HIE N R 2 4 1 B L, 3 5 A K M R S, 5 o i)
B DR A7 T T g 7 35 S A A ORI 21 F) — 5 5 J3E 18 2 B A IS 016, 346 PT REDR U T 2 DOM 795 7K
BAEPIE T 4Ly CDOM.



HARE: “FILF R KRR EEMANR GRS KR 67

550
500

= 450

=

300 350
Ex(inm)

1
300
Ex(nm)

250 400

550 550
500 500 8
2450 zasof 6
5 400 =400 5
(€3] 3 4"
350 35
300 B 2

2507 250 0
250 300 350 400 250 300 350 400 250 300 350 400
Ex(nm) Ex(inm) Ex(nm)
5 YAk EE CDOM [ = 4E 5 6 ik
Fig.5 EEMs spectra of CDOM from typical sampling sites
0 100 200 -
e
1604 10 °
& E;
S %
& AWAVAN %
& 60 /\ 40 2, z
& “SVAVAN 3
30 NN/ NNN/N\/
INONINONONININ/N
100, NN NNNNNN N o o

0 20 ’ -1-‘;} l ()h ' 80 l |(]r{]

Kl 6 WKL S S CDOM 5 5 (956 &
Fig. 6 Algae composition and its relationship

with CDOM concentrations

K7 it4kz a5 CDOM HYAH A
Fig. 7 Correlation between chlorophyll-a

5 10 15 20 25
CDOM(pg/L)

and CDOM

PAGEL(FI) W T24F DOM rh 38 B ok ' B sl i FISE X Ex = 370nm B, 856 % 5
JERESR ETE 470nm A1 520nm LAY LA, 2 S WIASIRAE, 55T 1. 4 S Rl A B8 A R R, B
T 1.9 A LEWRIR B E R A T A A B R AL R AR S B TR B T
1.9 —ugit, BLBHAHIF ST K 2 CDOM LUAS i A W R 2 R A RO IR 8, X5 = 49T 288 H ook
3R T2 B R — 3, 6 R R A — 2 MR A, S B TE 198 0 — AR | X 5 B R R 48
SR G A 35 75 AN Toll B K HE A 545 DO HeJi  pHL (i $47E CDOM e 3 2 45 %5 o B3 Ik 1) 56 2 (r 233100
0.81.0.75,n =22) , T HLREA] 20 B AN X 385 A F1 B( & 8,181 9) : 7F CDOM ¥k 44 .pH #1 DO {H %% &5 i,
CDOM [ FI $8808/N , 43 795 B ok s ] 22, 76 CDOM ¥k B 45¢ i \pH 1 DO B BRI, 32 75 K By A 5400,
CDOM ) FI $8%80fi I, 73 75 B RN 7



68

J. Lake Sci. (#id#+5),2010,22(1)

10 5

8.4+ Fl Fi
5] . I 257 22
- ] A 20 84 2.0
8.0 " o ~ 1.8
\ ' = 64 1.6
T 7.8 s ° o 1.6 E 14
7.6 1 L W P 14 & 41
o ® . i
7.4 5 ° ° i
- 9 B R W, ox B ®
Sl [}
19'Pe e B _
?0 1 T 1 T 1 1 ‘.] T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

CDOM(pg/L)

Kl 8 ZOLHE%S pH CDOM ¥ EE Y K &

Fig. 8 Fluorescence index versus pH and

CDOM(pg/L)

19 364 e CDOM T2 0 5

Fig. 9 Fluorescence index versus DO and

CDOM concentrations CDOM concentrations

3 it

SR TT R 91 DRI H 7 A 1 BRI R PR 9 FiL S 3 5 FR R A5 /K B A A IR AR SRR, CDOM 503
JERESE , 051 HEKATTE A B T I A 5 KT 2 32 5 ] I, L3R 1 bR 2 W) A2 fi . B S
(MM AT B EE] 52 SN IR B K, HL S 65 a(355) AR R R, =SV B T 5 Rl
Horp 2R F9OCIE ] 0k TG FTOLIE. BIK R AW CDOM SZANESZm s /> , 2 LIRS &
GRS A O T T T3 SR K s CDOM 32 2SN A B R2 0, 5 1B AR A 0 D65 . X 3
B IRBATS B AR HERS SRR, U5 5 K AR P B2k IR B AR 2Ot 1 DOM M ATIE44 46> CDOM fY i
FA K.

B FI R AT 2 A FE T H B A R R B, AT

4 STk

[ 1] Coble PG. Characterization of marine and terrestrial DOM in seawater using exciting-emission matrix spectroscopy. Marine
Chemistry, 1996, 51 325-346.

[2] Biers EJ, Zepp RG, Moran MA. The role of nitrogen in chromophoric and fluorescent dissolved organic matter formation.
Marine Chemistry, 2002, 103 . 46-60.

[ 3] ‘RWef, B, 2. BUKEOKEIIE A LD E LA, E PR ,2000, 29(1) : 68-72.

[4] Bricaud A, Morel A, Prieur L. Absorption by dissolved organic matter of the sea ( Yellow substance) in the UV and visi-
ble domains. Limnology and Oceanography, 1981, 26(1) : 43-53.

[5] iK@hk, BNk RS ROKME ZE A4 22 CDOM FRAE K nl GER I8 53 #7. KB #E € ,2007,18(3) : 415-423.

[ 6] BRBEFS, PRI, T 2055, I AR CDOM Sttt K s (8] 434 4 Le. 11044 ,2009,21(2) « 248-254.

[ 7] Rochelle-Newall EJ, Fisher TR. Chromophoric dissolved organic matter and dissolved organic carbon in Chesapeake Bay.
Marine Chemistry, 2002, 77 2341.

[ 81 3KBHK, BAAE, B fe 0. KA E A 6l s A ALY Y 25 6] 430 A5 Kot 2247 . I Rl 4%, 2006, 18 (4) -
319-324.

(9] FEmA,ZBTAR, BINDHE. 35 = DURR e =T 0] B RO A DL B OB RFAE. Bk L% ,2008, 37(1) : 51-58.

[10] Cory RM, McKnight DM. Fluorescence spectroscopy reveals ubiquitous presence of oxidized and reduced quinones in dis-
solved organic matter. Environment Science and Technology, 2005, 39 . 8142-8149.

[11]  RECEY JURESH, skIE B, JE LA O N YA DL RGOS AR ,2007, 19(3) « 250-254.

[12]  #58, F807R B A . g CDOM BB sE s T IS R R . & M iERe 2005, 24(3) : 289-298.

[13] AP, R340 8, XUMAGR A5, 15 S50 100 5 A AL BT A = 4 5EO00iE R v ) 25 0 52, ¥ 7 5 19, 2007, 38(6) -



MR T “FLE KR AR EBEMAIR GRS KR 69

[14]

[15]

[16]
[17]
[18]
[19]

[28]
[29]

[30]
[31]

512-520.

skIE bk, SRR, XU 58, = B o VA A G ] i A AL AUBURE 4 0 1 W ICRR . 1A B2, 2009, 21(2)
255-263.

Yang F, Huang QH, Li JH et al. Characterization of chromophoric dissolved organic matter in the Yangize Estuary by ab-
sorption and fluorescence spectroscopy. Journal of Environmental Science for Sustainable Society, 2007, 1(1) : 55-60.
Guo Lucie. Doing battle with the Green Monster of Lake Taihu. Science, 2007, 317 (5842) ; 1166.

FLEH. RIKFEHLAYE 7R, b E R BEBET],2007,22(4) « 267-268.

Yang M, Yu J, Li Z. Lake Taihu not to blame for Wuxi’ s woes. Science, 2008, 319 158.

Stedmon CA, Markager S, Bro R. Tracing dissolved organic matter in aquatic environments using a new approach to fluo-
rescence spectroscopy. Marine Chemistry, 2003 , 82 ; 239-254.

Schwarz JN, Kowalczuk P, Kaczmarek S et al. Two models for absorption by coloured dissolved organic matter. Oceanolo-
gia, 2002, 44(2) : 209-241.

Stedmon CA, Markager S, Kaas H. Optical properties and signatures of chromophric dissolved organic matter (CDOM) in
Danish Coastal Waters. Estuarine, Coastal and Shelf Science, 2000, 50 . 267-278.

WA JH f BRI S| KO R T P R DK B B S . KB IR, 2006,22(6) ; 47-50.

T ELER . E A SR ELA h DXCHR KGR T (R K BRI R 37,2008, 24(1) : 72-75.

Bt , hoRte  FLARIRAE. RMNT R KK CDOM WO Re . WIVARE,2009, 21(2) : 242-247.
FOMGBARE, IR O RBICREL o, (440) SRR S MSERR. KGR F R, 2007, 33(S2) -
179-182.

KUBASE, K1z Ak, 2641158 45 KA I 3AT ORI 31X CDOM 1 i A1 = 4k 5¢ S R AiE. 15391 Bl 2%, 2009, 21(2) ;
234-241.

Baker A. Fluorescence excitation-emission matrix characterization of some sewage impacted rivers. Environment Science
and Technology, 2001, 35, 948-953.

T XU AER , SR 42 B A I A ML ) = 4RO AR DS, Jilhag 50 24,2005, 12(25) « 2024-2048.
Rochelle-Newall EJ, Fisher TR. Production of chromophoric dissolved organic matter fluorescence in marine and estuarine
environments: an investigation into the role of phytoplankton. Marine Chemistry, 2002, 77(1) : 7-21.

SRIBMR, RAT, AR A IR QAT A HL X . P E PR, 2004, 24(4) @ 405-409.
McKnight DM, Boyer EW, Westerhoff PK et al. Spectrofluorometric characterization of dissolved organic matter for indica-

tion of precursor organic material and aromaticity. Limnology and Oceanography, 2001, 46 (1) ; 38-48.





