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HE . WX A i 7 ALR (dissolved organic matter, DOM ) 2043 FlAb 2445 . RIE SRR AR, XK A 25 &R
GLLR Y B A Y R AR PRI 5 A B 20 . 3 A S A -] RO A = e ik B R | R ST — e 12 DO [R) 3k BB AL 7 3
A BLRYAT I (BRI . i A0 A FLVAT ) 9 DOM S 3% 2= KR AR, 45 52 3R B, Tl 3k 3 40 b A B 8 =5, DOML FIAT €8 35 A 4 A ML o
( chromophoric dissolved organic matter, CDOM ) ¢ BE & Al JAE DOM A J85 5 £k 2 5 A5 M AL 2 B /D | i 7K 1 40 438 70>, DOM
TR ) SRR I B RR S, DOM (9583 19 A IRARPE ARG JT i DOM 34 L s RS & (E3/E4 ¥fH >3.5) ,CDOM W i
DOM ¢ i 2 IEAHSE (P <0.01) , B4l DOM JEFE LR BE (SUVA,,, ) . FFALARBE (SUVA,,, ) FIBE K 4143 (SUVA,, ) i B
IEMSE(P <0.01). AR | Bl | 3 B2 G EOE 1. 7157 ~ 1. 757 1, DOM 14 55 8 5 > IR 347 kg A1 I s A RN B2 40
B BT R A, ELLA U7 A .
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Absorption and Fluorescence Spectra of Dlssolved Orgamc Matter in Rlvers of

the Three Gorges Reservoir Area Under the Background of Urbamzatlon F
GHEN Zhao-yu 2 LI Si-yue'” VS ~Fa - ‘
"(l Chongqlng Institlite of Green and Inteﬁlgent T”ehnology Chinese Aeddemy of Suenees C ongqungj 400714 , Chinay-2- Unlverslt)f of
Chinese Aed(lemy of Sciences Bel]lng 100049 ,China) f .ﬂl

Abstract ;| Studying the influences of urbamlzatlon on the (’omposition chemical“structure, source and migration of dissolyed organic

o

" matter (DOM’) in-tivers is of great 51gn1ﬁednce for dquatic geosystem protectioh and biogeochemical carbon (C) cycling. The DOM
sf;e(’trbscoplc (’haracterlstlcs of the three typicall riyers (Taohu_'am Nanhe, and Puli) with different urbanization levels in the Three
Gorges Reservmr area were investigated uséing the ultravmlet' visible (UV-Vis) absorption spectrum and three-dimensional fluorescence
spectioscopy. Theé results demonstrated that the hlg,her the degree of urbanization in rivers, the greater the concentrations of DOM and
chromophoric dissolved organic matter (CDOM) , the lower the humification degree and aromaticity of DOM, the smaller the proportion
of hydrophobic components, the higher the relative level of protein-like substance concentration in DOM, and the greater the
contribution of DOM from freshly autochthonous origins. The DOM of the three rivers was dominated by fulvic acids (E3/F4 >3.5),
and CDOM concentration was positively correlated with the concentration of DOM (P < 0.01). There were significant positive
aromaticity ( SUVA,y ), and hydrophobic component (SUVA,,) (P <

0.01). The sources of humic substances in the DOM were mixed by terrestrial input and microbial or algae production ( reflected by the

correlations between the humification degree ( SUVA,, ),

fluorescence index averages of 1. 7157-1.757 1), and mainly from microbial sources.
Key words: urbanization; dissolved organic matter ( DOM ) ; ultraviolet-visible absorption spectra; three-dimensional fluorescence

spectroscopy ; the Three Gorges Reservoir areas
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CDOM F1 FDOM ¥ J& , CDOM 5 T 4 J& 17 R &
HY; T oW X R IS &L B, DOM 1)
A P R AR A AR T B > Sl B >
AR B B B A5 A A 11K & FDOM 5
A BRI ITR R ALAOC, T i BT B FDOM B A
JEAKHEBCRAAE. SR, IAE AL B2 T T i DOM. 2H it
L BEAZBACAI AT 0 k. AT 5 30 J = e J2 X
ANl S AL AR g R T (BE AR | e T A
), 38 2850~ AT WL WSO 1% F = 4E 5 0% 45 4
A ARRIREALRHTH DOM 415 Rkt S 5 1T
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1.1 mﬁmﬂﬂﬂ
R r'ﬁmnjtinuﬂﬂyeﬁaz J& 1 IE
ﬂhﬁ?mnﬂf&ﬂm@% BEAE IR (107904 1207°10" B
202497 30° 08’N)j~7{<(IZEF*QﬁS'Z(m e ity
4 376. 8 km?, 2K 63. 1 km, BB FERT K HK
YMG mMARKERSG, A, B2 AR
10 A S HIE, IR B R, TN
NH MR FIRIX 52 5 Tl el XHES 20w i
(107°55" ~108°25'E,30°52" ~31°11'N) , /NT A5 &
LB 117, 2 km? 0K 93 km, B IE T
PR P48 TRV B HR L, Uik 28 5 PR T I X AR
LR A . IRV TR A R T
FEIN IR XL FE BT I AN Tl v 7 p s 23 4 3
H(107°46" ~108°29'E ,30°43" ~31°8'N) , /NI4T
O, A AU 150. 8 km K 116 km, & TR
TR XIS, AT M X, FFMNX, F RO
AN I N B SRR
b=t | Arcgis 10. 3 X DEM fo o A5 75 i HSC 37 4,
g4 R TR P AR S AR B BRI E s 2015 4R
HPRTT 1250 000 A H A1) FH A5 21) 45 Y 30 4= b A1 FH/
dHb B W 2O Mk AE . AR ML 26.24% | BT b
4.96% . kML 46.80% . K 1.75% , N\ T. 3%
20.35% ;g ] - ARt 33. 78% . BiHb 10.25% . #EHb
49.31% . /K3 1.97% . N T .31 4. 69% ; 3 B .

organic

MHL 58.33% . i 4.94% | B H 32.86% . /KK
1.98% . NT.20fi 1. 89% . 1] it WA AL K AR
BEAEIE > ma i > 5 B (DLE 1),
1.2 BEECREE K Hab B

2018 4F 4 H M L2 Tk phAEE . i, 3
AT KRR (K1) BRI IR B 6 ARk
SRR EFE B AT 10 km, AMEHER EUTECH ££
BRI %2 42 ( Cyber-Scan PCD 650 ) i 37 il %2 7K
. pH{H ., WA (DO) . A (EC) , Ml 5 1 2
YA AEs A I, DU 55 8 B2 pH: +0. 002, EC:
8 1% +1 LSD,DO: +0.2 mg-L™".

KFEY KA 0.7 wm Whatman GF/F B 55 £F 4

L SUR/LVI< ﬂﬂ??ﬁﬁﬁ‘fﬁﬁF(DTN)\ Gy (RN
(DTP) | A5 (NO; -N) , L (NH; -N) |, DOC,

e p1 ] I, %ﬂﬁ(;‘ﬁﬁ%&:éﬁxfﬁ)‘mg Wi LK R
finvk H,90; ik B, 5 W’%k#;iﬁ;&%&% 4°C

PR RAE S
1.3 KFubnka |

DTN Jil Hﬁﬂﬁikﬁﬁa%ﬁwﬁﬁ’%%%ﬁfﬁ;‘t
REVE (GB 11894 89)% DTP(UEWFH%B@&’?"%)‘EJ‘E
[ER7 (GB 11893- 89) SNH, -Nlj & ﬂ?lzk%ﬁ&ﬁ;‘ﬁ
JEBEWE (M 536-2009)s NO; -N il PIE IS

JeEEE: EHI/T 346-2007) . %1 Multi N/C_2100s B%
ZUMIHAIE DOC YR . KRR SEACHE R I 25 1.
1.4 ERHh-n] WSO

K UV-5100B 540/ 01 UL 43 6% BE 0 g 1
PEAKAERYERH0-TT WL OGTE. DL Millipore® 8 47K
YEZ3 14, 1 10 mm A7 35 G A5 TILEE 200 ~ 700 nm {5 [
P IR 1 nm.

PR A IR EL a(A) (m ™) AN

a(A) =2.303 x A(A)/b

AN SR b RS (m) 12

BN A ARG RE SUVA (X)) HHE AN .

SUVA(A) = a(A)/[DOC]
K a(A)J& DOM R ¥ (m ") ,[ DOCT A DOC
WePE (mg-L~") "5 SUVA,,, #AF DOM g 7t 1k 72
JIE | HA A R RR-BR B AL A 10 SUV AL, &
fiE DOM B 7K 1 20 43 1 & 5170 SUV A, {8 # 5,
DOM J5 F b & 4 & Fbl iy, S F i i 210 ek
REE S AR
a(A) = a(Ay) xexp[Sx (X —A)]

K, a(A) 2 DOM I RE (m™" ), A EPK
(nm), A, SEZ WK (nm) 28,0 B DOM
AR 43 i 5 00 B g 3 M, (L /N G o o
K UE2/E4 = a(254) /a(436) , 158 A BLT K
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320 F i
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Ll A
310 -
30“ -
20 1
i WX o WERRHS
_ iﬁﬂﬁﬁ HEAEIE R
- L
290 A
0 60km ==
A AT ML B T T
I 1 1 1 _ AI%@ |
106° 107° 108° 109° 110° e 107°20° E
N
N
A
ek
31°00" |-
51
. g:ﬂﬁlm#ﬁ
PLH
Eifﬂfiﬁﬁﬂm
. ot
: [
‘ ] 31°40° - | it
/ 0 11 km ki 0 14 km .kl
" ; il PNE : . B\ T
108700 108°20° 108°00" 108°20° E
| | i N I AN S | E' Lol ) ™
AN El AT BB R L A 2 L) 7
@ ibf'llll Fig. } Eoc 1on '{'I)f sa!f‘:phng pointsiand land use t)iées of the sampled nvz?
'u]. ‘ | | -
/ Jﬂ J 4 r %? PREAER (L2 TH)
i Table 1  Basic properties of water quality at sampling points (upstream to downstream )
S EC DO NH; -N NO; -N DTN DTP DOC
"'E@ﬁ HER pH -1 -1 . . -1 -1 -1
/S+cm /mg-L /mg-L~! /mg-L~! /mg-L /mg-L /mg-L
THX-6 8.11 273. 4 6.84 0.13 0.20 1.25 0. 002 3.15
THX-5 8.29 193.6 7.16 0.43 0.11 1.18 0. 002 3.54
Wz THX-4 7.90 325.7 6.85 0.26 0.22 1.53 0. 008 4.62
THX-3 8.19 265.0 6.73 2.47 0.17 3.59 0. 069 5.34
THX-2 7.95 384.4 5.34 1.88 0.59 4.12 0. 049 6.35
THX- 1 8.05 386.5 4.93 2.59 0.17 3.99 0.175 6.30
NH-1 8.36 141. 4 7.37 0. 07 0.22 1.90 0. 004 3.36
NH-2 8.00 242.3 7.03 0. 08 0.27 1.57 0. 004 3.74
& NH-3 7.96 259.9 5.34 0.18 0.17 2.01 0. 008 3.88
NH-4 8.12 298.4 7.06 1.04 0.23 2.16 0.028 4.86
NH-5 8. 14 306. 1 6.77 0.23 0.42 2.00 0.032 4.18
NH- 6 8.20 215.4 6.20 0.17 0.28 1.55 0.019 6. 05
PLH-6 8.28 230. 4 5.78 0.10 0.02 0.75 0.013 2.43
PLH-5 8.12 329.6 7.07 0. 08 0.11 0.96 0. 008 3.16
e 73] PLH-4 8.27 299.9 5.64 0.14 0.05 0. 64 0. 004 2.88
=]
PLH-3 8.00 345.5 4.12 0.15 0.04 0.63 0. 006 3.51
PLH-2 8.44 293.5 5.08 0. 09 0.26 1.26 0. 021 3.65
PLH-1 8.10 297.8 6.78 0.26 0.18 1.29 0. 045 4.96

TR, BB 55 5 R R, A AR E3/E4 =
a(300)/a(400) ,E3/E4 <3.5,DOM LLEAGRR J 3+,
>3.5 LR HE A T F4/E6 = a(465)/a(665)

E4/E6 BALULHZER C BB A B R s>
=G 2

1.5

=IO E PO BT (H AL F-
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7000) . FAHEHEE .12 000 nm-min ' FAFEIEHE . E. R
220 ~450 nm,E, 4 250 ~550 nm, HfE G E =2
nm,E_ =2 nm. Pl Millipore® #8406 /KAE2S 11, F0BR 5
FIHCETFNT 2 .
Fn(280) % E. =280 nm, E_ 7E 340 ~360 nm [i]
e R9EIE B RRISE Y B e B2 A
A IR FE B (biological index,BIX) A E_ =310 nm,E,,
4380 nm 5 430 nm AbFEEHRAE LA fr R R
( FHAETE) DOM [ AHXT BTk, BIX > 1. 0 gl A 4
PN E,0.6 ~0.7 ZIAGHT [ AW Hfl g0 5%
HFE%5L (flourescence index, F1) A E_ =370 nm,Em jil
450 nm F1500 nm &b 5 GHEEE HLAE , FRAE DOM J&
FARRNR : FI > 1.9 FZ NI (Y, BT
B e, < 1.4 EECRANER A
LHh-TT LSO T e = 4 5 T S R AR
DOM [ 458 SRR S RRAE , Ji 3N T 28 1 3 55 R 1Y
/N S BRI i AR A = 11K iﬁJZ%EﬂsE’ﬂﬂﬁ?%m%&
DOM {9 B A, HE T 5% W 375 DOM. fr9 9% 1 &% 241
ITRRE. ZIRILﬁittﬁ%*ﬁﬁﬁﬁ%ﬁsz‘rﬂ“ﬂm
DOM y‘ﬁﬁ%z—é*ﬁﬁ %%/Tiﬁi%ﬁ%ﬂi%”—ﬁn ow DON.LE’J
H ﬁiﬁm*ﬁﬁhﬁﬁﬁﬁiiﬂmﬁkﬁ
Arcgis 10,3 ¢ A4, SR A SPSS 21. 0 # #ﬁ*ﬁ;& Ei)
'ﬁﬁ% VRS B 0T AR 3 Az canbco 5.0, [ 3% e
Jéﬁﬁ Orlgm‘,9 0 FMicrosoft Excel 2010 $ _~

Z‘E%Eﬁw

2.1 i DOM ¥ A {L

BRAEER . B A BT 9 DOM A CDOM ¥ &
(23 AR fk an 2% 2 FE 2 ffzs, A DOC 7R ) i
DOM ¥ &, a(355) % /8 CDOM ¥ JE™. DOM
CDOM ¥ JE M BEAEIE > ma ] > 35 HL], 5 7] 37 3uk 4
e R —30. BRI B I A K P e, A8 i
R, RBEMR s (R 1) IR E YRR, S B
DOC fix 5. DOC 5 & o CDOM A X ¥ & ( CDOM/
DOC) K/N R rainf < BEAEIE < 3 BT 3% HL i CDOM
i Hefrs , 18 H Bl JR DOM &4 B £ CDOM 4143
R JC (S DOM 5 Fb f . T 90 4 AE A5 A A 56 2
MM (£ 3),CDOM F1 DOC #% & #F 1IEAH & (P <
0.01),5 Yang 20" % v &5 75 7] 11 5O 58 45 SR 2
1. CDOM/DOC 5 DOC # . & A (P <0.01)
Jofa DOM 7E DOC 2 fbrh i A B 22 iy L . o
DOM > 5 4y ¥ Ui A ) 4 % . CDOM. W ST 56 A1 4 558
JEEE

B _F i 2 T i, A5 T Ak K S 5R. DOC
WKW & s T e, S e A 1 = e H—2k

Ul CRE i | Bl 2 40 8 fge R G R - AT 5 31 E ol
IR T T DOM 4% J55. CDOM ¥ & W5 /K i 7 18] 784k
RS R O A AKCE AN T RS R
f}ﬁ&iﬂt%ﬂﬂ%yﬁ CDOM #i A | Az i B #E4 ad F

82 5 AR IR I WAL B 9 R iE CDOM ¥R B v T
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Table 2 Descriptive statistics for average and range of DOM characteristics in rivers
sk BEAEE LEAE) L3
HfE piEAE]| Eofic {1 HiE ¥
DOC/mg-1.~! 4.88 +1.24 3.15~6.35 4.35 +0. 89 3.36 ~6.05 3.43 +0.79 2.43 ~4.96
CDOM/m ™! 9.25 +0.98 7.95 ~11.03 8.18 £0.48 7.46 ~8.96 7.18 0. 64 6.01 ~7.99
CDOM/DOC/L- (mg-m) ~! 1.98 +£0. 38 1.56 ~2.52 1.95+0.34 1.34 ~2.40 2.171 +0. 38 1.61~2.87
SUVA,5,/L+(mg-m) ~! 9.20 +1.49 7.26 ~11.40 9.23 +1.81 5.71 ~11.32 10.03 +2.72 6.28 ~15.08
SUVA,g/Le(mg-m) 7! 8.82+1.43 6.96 ~10.96 8.86£1.74 5.48 ~10. 85 9.71 £2.62 6.07 ~14.57
SUVA,g/L+ (mg-m) ~! 7.46 +1.26 5.88 ~9.31 7.60 +£1.48 4.74 ~9.28 8.41 £2.22 5.29 ~12.53
S175.205/nm ! 0.0128 £0.0008 0.0112~0.0136 0.0129 £0.0005 0.0122~0.0136 0.0117 +0.0007 0.0107 ~0.0127
E2/E4 12.53 +2.44 9.57 ~16.26 12.62 +£0.97 11.04 ~14.32 11.29 +1.23 9.01 ~13.11
E4/E6 2.31 +0.47 1.74 ~2.94 2.20 0. 18 1.85~2.35 2.30 +0.23 1.88 ~2. 64
E3/E4 5.15 +0.40 4.56 ~5.80 5.39 +0.21 5.10~5.78 5.35+0.37 4.78 ~5.84
Fn(280)/AU 670.2 £275.81  247.5~1134.0 570.23 +159.58  387.4 ~832.5  376.88 +106.51  229.9 ~562.5
FI 1.7157 £0.056 6 1.6380~1.8096 1.7165+0.0187 1.6907 ~1.7493 1.7571 +0.0844 1.6749 ~1.9330
BIX 0.85 +0. 04 0.81 ~0.92 0.84 +0.03 0.81 ~0.90 0.83 +0.03 0.80 ~0.87
1) CDOM ¥ £ 22 S ME .35 (P < 0. 01) , Syp5 _p05 22 5 8. (P <0. 05)
T | O SRR R BRI AT BRIEIR g IR (I 3). =/ |
ANLANBR-BREEANE B BRI, RREAT A R E2/E4 E4/E6 Rl E3/E4 A5 (EAE 5y 2 An el
@Az ZMEARTFIRE ST AR AL SR 4. E3/E4 i@ﬁﬁ%ﬂ > B > HE?E(%’ AR T

BUTA . BEAEE MM T 10 o7 H B LS Wi
B ASFER DOM B I A A I R AL TR

3.5,% M DOM iéjumivﬁajﬂaz E2/Fd4 i’ﬂﬁj:/ jg
RE ] >JI°JE”E{;% > % BT, 45 S5 o5 PHE KA lilig

RIS B, HER | ol e B ), 25 S DO ShIR IS, FLA T @ﬂw
I ALERE (SUVAL, ) | BiK! b SUVAL) Al U5 DOMAA STk R, 437 Bk 5/ DOM 2637 ©

ﬁwmfmsmm>{D7J<o.ﬁﬁmm SIS (L 4 52
%E*ﬁf(l‘?z >0.990,P <0.01). b {T(JIL SUVA,, |
SUVAm%ﬂ SUVA2603’C4ZF£{{:L7J<{JIL77[L]TB&E’JK?@( It
3) 5 ST SRS 2 b T T
UL SR IR S5 DOM A FI0 2 1A
T DOM F [ ARAREEI L T T S, e oo SIME K RIT >

ﬂﬁ”ﬂ@%‘ééﬁf(}ih/]«:wﬁﬁfﬁﬁ@ >0.05).
T B2/ B4 | E4/E6 A E3/E4 i ok 75 )
IR —B (K 4) B BEFENIEHXEKR (P <
0.05) (2 3). i E2/E4 . CDOM Fi1 S,5 s W ¥ i
FEIEAHIE (P <0.05) . AT IR A B A HILE, 2R B0
CHRMER G B RAR, & B o) &, Rl I A

BEAEIR > 2 L] BT DOM I F-4550 TR/, #5300 DOM BAT i 05 A PR 35 B, 550k B AL AN L S i A
W S aos WK TT 10 TOWT AR AL RES SRBUL R i WLBTE A B T RS sl A B oA 5
®3 AR DOM £5M-AT LRI IERAB XSS (n =18)

Table 3 Correlation analysis among different UV-Vis absorption spectra special indices of DOM in rivers (n =18)

DOC. CDOM  CDOM/DOC Sy 505 SUVA,,  SUVA,,  SUVAy, E2/E4 E3/E4 E4/E6
DOC 1 0.764*  -0.866* 0.422 -0.779*  -0.790" -0.821*  0.422 0.058 0. 236
CDOM 1 -0.387 0.686 ™ -0.317 ~0.334 -0.387 0.543 " 0.041 0.289
CDOM/DOC 1 -0.138 0.944*  0.947*  0.954* -0.247 -0.074  -0.191
Sy75.205 1 0. 080 0. 061 0. 008 0.733*  0.467 0.395
SUVAs, 1 1.000 ** 0.996*  -0.016 0.150  -0.031
SUVAx 1 0.998 *  —0.030 0.146  -0.036
SUVA 1 -0.072 0.130  -0.068
E2/E4 1 0.790*  0.737*
E3/F4 1 0.556
F4/E6 1

1) # FIRTE P<0.05 KTV ERBEMI, « « FIRTE P <0.01 KV Ak 240G

HEAMRER LR (F ), ZFEXBAEE SR KIS, H cDOM W E I I & TRyt H
RE ] AN HLYAT 3 4591 3% DOM ¥ B . CDOM ¥k 5 mrbjzm CBEAEIR | B A LAY CDOM. ¥k

S BT AR LY =0 FE XK S P .
T DOM JESHAL TR L [ 731w TR A7, 3

JE . DOM J& 5 A A B2 0 7 1k 27 B S g sy D)
TR, JerE T S PR Sy 0 A X I A
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Table 4 Comparisions of DOC and other UV-Vis spectral parameters in different water bodies
DOC CDhOM SUVA Syrs .
KAk » o 254 . 275 3915 S
/mg-L /m /L+(mg-m) /nm
rhE KT 3.76 ~23.73 1.39 ~11. 64 1.00 ~6.91 0.015 ~0. 025 [13]
EL 7Y Barra Bonita Reservoir {#] 19.22 — 2.1 — [31]
o R 3.00 ~6.34 1.64 ~4.36 — — [32]
R YL T T A SR — 0.01 ~3.09 — 0.01 ~0.06 [33]
r Y 9 8.13 ~31.85 2.537 ~12. 174 0.70 ~5.63 0.0173 ~0.018 7 [7]
o R K 5. 06 0. 65 1.06" 0.018 (8]
o [ I E T 3.77 1.47 2. 66" 0.016 (8]
BhAE1R 4.88 9.25 9.20 0.0128 AT
R 4.35 8.18 9.23 0.0129 BN
o HL{] 3.43 7.18 10.03 0.0117 KNI

1) JESCH SUVAL, T8 A(254) /[ DOCT , 5K B4 LR x 2. 303 HEATHGIE s 2) “—" R JFESCR A
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