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Abstract; Dissolved organic matter (DOM ) is a critical active carbon reservoir within aquatic ecosystems, influencing
global carbon cycling, water quality regulation, and the dynamics of aquatic food webs significantly. The component and
source of DOM in different water bodies significantly influence adsorption capabilities of environmental pollutants.
Understanding the component and source of DOM in surface water is crucial for enhancing water quality. Rivers and smaller

water bodies are important parts in watershed’s surface water,and these water bodies exhibit substantial differences in flow
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velocity , water retention time, and microbial activity. Thus, this study collected water samples from primary and major
secondary channels, minor secondary channels,and small water bodies across various hydrological periods—dry,normal, and
flood—within a subtropical hilly watershed. Three-dimensional fluorescence spectroscopy and parallel factor analysis were
used to clarify the variations in DOM component and source in the watershed’s surface water. The findings revealed the
following: (1) Dissolved organic carbon (DOC) concentrations adhered to the sequence of dry period>normal period>flood
period ,and small water bodies >main and large secondary channels>minor secondary channels. (2) The DOM in the
watershed's surface water was comprised of two humic-like components ( C1 and C2) and a single protein-like component
(C3). Temporally, the percentage of C1 or C2 was highest during the normal period, followed by flood and dry period.
However, C3 proportion was highest in the dry period, followed by flood and normal period. Spatially,the proportions of C1
and C2 were higher in main and large secondary channels, minor secondary channels,whereas C3 was highest in small water
bodies. (3) The fluorescence index (FI) was significantly higher during the dry period ,indicating increased autochthonous
material input. However,the biological index ( BIX) was lower in main and large secondary channels and minor secondary
channels , reflecting greater terrestrial material inputs. We further analyzed the relationship between DOM components and
water quality. Both of C1 and C2 had significantly positive correlations with permanganate index ( COD,,, ). However,C1 or
C2 showed no significant correlation with nitrate nitrogen (NO;-N) ,ammonium nitrogen ( NH}-N) ,total nitrogen (TN) and
total phosphorus (TP). C3 had a significantly positive correlation with NH}-N, TN, TP and COD,, , suggesting that the
increase of protein-like component C3 was accompanied by the production of these nutrients. This indicates that the
autogenous DOM may be an important source of nitrogen and phosphorus in the watershed’s surface water. These findings

provide scientific basis for protecting aquatic environments within the watershed.

Key Words: dissolved organic matter; component analysis; watershed surface water; three-dimensional fluorescence

spectra; parallel factor analysis
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JETT T Ko TAE  (HA RS AN AE R KL, A B — 26 RGEWF AR K I 5K R 2884 8] DOM 414y
5XIER s,

A ATEAEA LT (CDOM ) 2 3 38k 1 2 7K DOM () 22 4 B 402", B T DOM H i S22 4H 45
CDOM 55 /N1 F i 5 4 05 B 45 4, AETEAR B 1\ BRI, B 98 6 BT, T DA FH = 498 6% 38 43
BrU L EAESR , SRR T I T DOM P R ZRAE , BA BV | 5 B0RE o A AR I 25
AU 7 AN R X SR A G B AT LAHEIRT Y DOM 20 4 5 8 e S G R, wT LA iy 5 64 R X

http ; //www.ecologica.cn



73 JEERE 45 A o b i K A LT AL o3-S R TR AR il 3423

SR I HE R S8, T RAE DOM SRR #2310 L oy 7 41 M X 0, 9 e A
BRI ALK T, ek K DK TR o5 4 909 77 LTl AR LSBT HHY B W 4 3
VISR, ST R 5RO 0 K R i, ELse S RSB A f
] T VA HUBRRFE 1 22 52, 3645 45 DOM 20 3 FF A7 B T4 BT , A7 0 BB 4K DOM 4143 555k
L IO o A G DR K P AR AR e

1 #R57EE

1.1 WS XA
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Fig.1 Location of study area and distribution of sampling sites
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NI HE B AL AE AT PEAT HLAK ( Dissolved organic
carbon,DOC) fHZS A ( Nitrate nitrogen, NO;-N)  E SR
( Ammonium nitrogen , NH-N) | 5% ( Total nitrogen, TN) 30 1 b ‘f

100

FIEVEE (Total phosphorus, TP) ¥ B | DL K i 4 FR 5 45 %
( Permanganate index, COD,,, ) Fll DOM = 4 %¢ ¢ 6 i
Hrr DOC i JHEA HLEK 53 H7 1L ( Elementar vario TOC)

60 D

WAL River level/cm

40 F & s
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JE CODy, o B 150 W KT 1 R & G TR , fifi 1 5 v B2 AR KRR kT

DN (RF-5301pe, Japan ) I %€ DOM =4E%% ¢t Fig.2 River level during different water periods in the watershed
W, POE B R M R SR B sE SEFE Y S 5 AN T RRIIZESR 3 (P<0.05)
nm, FHFEE R 3000 nm/min, P A K (Ex)
Y E A 220—450 nm AR 2 nm; LS (Em) iy 250—600 nm, 14 BIFEA 1 nm, 05E KHE
DOM =25 EIERERT , B ALK AR R 2s PO IR LS BRAEE P& JU s
1.3 s ib

AT F 53 BT (PARAFAC) &b 3 = 2 58 56 3%, TR0 2247 0] 3 $8 b 22 7K DOM. % 4 43, i
MATLAB 2023b #c4:Hf ) DOMFour T.ELAL3#E4T PARAFAC 4304, B 5 DOM 4434k, SR 5 i 2t % F A6 56 i
BUWIIR A 50 B 5% 25 43 BT B0 UE I 25 SR A T REPE AR HE AR A 40 43 9 008 B 22 5 DEIC OpenFluor YGHEEHE 2
DLB 2 AH L) DOM 58 GE /r28  8nim BE A7 I — AR AL B RAFT & 507 R, BP Ex 4 350 nm \Em 2k 371—
428 nm TEIERERID ) IR I K TR LIS 8145 DOM DA A AN i, LA, DOM T ARAE
SHAUFETCHREC(F) | AR BIX) FUE AL 5 (AX) B AN 1 s,

®1 DOM RKHAEHESHIHELARRHE G L0
Table 1 Calculations and descriptions of DOM fluorescence parameters
TS HL HEAX ik
Fluorescence parameter Calculation Description
" N e " fIE DOM FR UG A1 55 F bk, Fl<1.4,DOM 3 % K i Ui
BEOLAEHL FI Ex =370 nm,Em 450 nm 5 500 nm AY5E G50 FE i BRI A5 7t ER N

A GFI>1.9, FEH A ATREA
FRAE DOM H A= IRAFAESE 55, BIX MUK, DOM [ i 72 2
B, H AR TR
Ex=254 nm,Em 2} 435—480 nm 5 300—345 nm %) W DOM JEFEALFRE . HIX B, 378 fh A 13 ol s, ki
SR FE Y LU B ABZ

Ex: ¥ % K Excitation wavelength ; Em: & 5K Emission wavelength; DOM ; R {EM:A HLIE Dissolved organic matter; FI; %6 YGIE %L Fluorescence
index; BIX: H AR R L Biological index;HIX;@ﬁﬁﬁﬁfj’E"fﬂl Humification index

H A= R £ BIX Ex =370 nm,Em “} 380 nm 5 430 nm 1Y 2¢ 5650 LA

J& B EL HIX

K H] IBM SPSS Statistics 25 il Excel 2016 3 {47440 5347 , 8 1] Origin 9.1 Fl Arcgis 10.2 F R4 T I &
iR, 383 T 25 53 B R e s S 2 1 2 S i T el 22 7K DOM FEAN [R] K A AN [R] K AR U [ 1) 2 5% >R
B IRAMH AL S i i€ DOM 5K e bRy G 2R | B B R K P21 Ol P<0.05,

2 HR

2.1 BRI AT BB R A
ANFIZK IR K DOC ¥R BE A7 A .35 25 573 (P<0.05, 3% 2) AR R I A A /K 1> Pk A > F2 K 4, 07
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BIE 551 7.91.5.00 ,3.85 mg/L(& 3) . TS —H00 . 45 = HE i A/NSK KT K DOC
WEEBIE & TP KR E K, 78 TS — S b, Al K I DOC Y BE I ME =5 7.59 mg/L, F /K1Y
DOC ¥R BESETAR, 2 3.30 mg/L; 7 K5 =R A/NEK AR T DOC ¥ B ¥(E 7E /K IR B R AL, 43 51
4 3.65 mg/L F1 4.82 mg/L, AN[FEZKARIERI ] K DOC ¥ B2 5 A4 3R IR /N KR > T30 5 — 20 >
TG =% (K 3) , AERKI NEKR G DOC W R A 10.49 mg/L, TS =2 DOC
FESETAR, 7 6.79 mg/L; TE~F- /KA AT =EIK B, /NRUKAAR B DOC ¥ FE B 5303k 6.92 mg/L 1 4.95 mg/L,

x2 ATRKEEKEEEE DOC REMNE R

Table 2 Differences of DOC concentration during different water periods and water body types

it H Sl FI EopEIEs BEE
Item Sum of squares Degrees of freedom Mean square Significance
JKH] Water period 326.58 2 163.29 0.00
IKARZEHI Water body type 88.89 2 44.44 0.00
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Fig.3 Variations of DOC concentration during different water periods and water body types

DOC : AT %M A5 MUK Dissolved organic carbon, AR/NG FHE R 2 5 5 2 (P<0.05)
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N FHEAT IR A, FAR B 3 AN 2OE4143(C1.C2 Al C3)  f0dE 2 AZRIERE A A 1 AR A R4 o
(B4 F323), 5 C1 M C2 & TG DN, BIHA 2 MR 1 AR GHE, Horp C1 EoRkik/
R (256,326/412 nm) 5 LEAIE 2 5 P4 R #0094 3 C1(270,320/425 nm) AL, BILPFAHET
A KA, S5 YTE sh ARG IR AR &, C2 e K&/ &I (268,362/473 nm) ¥ F C1, Lt
T 2SR T A AR, AR 3 i b Sk YR B4 S A SR 4 G, A R A R T R R O A A, 4l €3
FZEHEH DO CH o, et KU/ KR (2807333 nm ) REU T E PR G (220—230 nm,270—280/
340—350 nm) , KL AR C3 W ELM S, XFIOCHEF ARMEY TR ALY, LE5aY
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Fig.4 DOM fluorescence components and its distribution of excitation and emission wavelength in watershed surface water

C1.:5)64 4y 1 Fluorescence component1 ;szﬁj‘lﬁéﬂﬁ‘ 2 Fluorescence component?2 ; C3 BG4 3 Fluorescence componen3

®3 ETETEAFLSNHNZMELES
Table 3 Three DOM fluorescence components analyzed by PARAFAC

YL Sy R R Femy He 27 SCHR AR B2 53
Fluorescence component Ex/nm Em/nm Type Source Similar component in references
PRHS 1 (C1) 256,326 412 255 I A= U5/ U c1i2l, 2l 2l
YLy 2(C2) 268,362 473 T I [ V5t c1il, ¢3!

PENCA4Y 3(C3) 280 333 KE MR SR c1il, 13, g5t

C1: 264143 1 Fluorescence componentl ; C2: ¢ V64143 2 Fluorescence component2 ; C3: ¢ 764143 3 Fluorescence componen3

2.3 b AK AT MU AL R E
T K DOM Hr C1.C2 F1 C3 5 L {E S 510 43.34% 31.54% 25.12% , AR 7K 51 E DOM 2143 5 Lt
HARBEZER(P<0.05) (E5), Hrb, Cl i B2 LR BNk > F K > Ak K 3915 S5 A5 K 9148 B, 7Kk 30
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KW C1 i LEIE S B N 23.71% 1 11.54% ., ANFZKI C2 fr A 43 5 C1 RI—3, SHK B,
SEAK AR A KT €2 5 HE B A BB N 36.39% F1 11.07% ; 1M C3 7EAG /K 09 5Tk 11 40 e f s, 34.22% , 1E
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Fig.5 Variation characteristics of DOM component contribution during different water periods and water body types

DOM ; ] 47 #LIT Dissolved organic matter, AS[r]/NE FE-H: 32 B 24 57 1 3% (P<0.05)

R4t FMFEARBRREAEERE DOM HH R HEE  REE S LK AFESE

Table 4 Fluorescence intensity and contribution of DOM components,and fluorescence parameters in different water body types

C3

PECRHIE 7K ] Dry period 7K # Normal period F7k ] Flood period
Fluorescence =T =T TS %
isti e g /MK e /K e /NEDKY
characteristi L R T T e T i
4] FEol I gy
(Eﬁlkjlﬁﬁ{; . 0.17+£0.08 0.16+0.08 0.30+0.28 0.29+0.07 0.26+0.11 0.14+0.07 0.41+0.07 0.43+0.25  0.28+0.11
C1 fluorescence intensity
4 yA 2#—‘\ o8 B
A5 kjlﬁ&l;; . 0.12+0.05 0.10£0.04 0.23+0.19 0.22+0.05 0.21+0.08 0.10+0.0.6 0.29+0.03 0.31+0.18  0.17+0.07
C2 fluorescence intensity
HAY 3 WG EE
ol )dﬁﬁ; . 0.10£0.05 0.12+0.03  0.42+0.25 0.08+0.03 0.06+0.02 0.09+0.06 0.20+0.04 0.20+0.05  0.26+0.07
C3 fluorescence intensity
PEU14r 1 Timk
(j;lj/lz,ﬂﬁ sk 43.73£6.26 39.75+9.60 29.36+10.04 49.49+1.92 48.18+3.35 44.51+3.67 45.43+2.62 43.80+4.90 38.24+5.23
0
AL 2 Tk
é;}/%yﬁﬁ LS 29.78+4.00 26.21+£3.20 23.62+5.06 37.22x1.64 40.33+3.63 31.21+5.10 32.52+1.32 31.94+2.78 23.28+3.59
%o
PEA14y 3 Tmk
é(;/‘lfyﬂ}}‘ LU 27.49+£9.75 34.04+10.84 47.01+£13.80 13.29+3.15 11.48+3.69 24.28+7.04 22.05+3.31 24.26+7.37 38.48+8.47
0
TOLIEL
. . 2.32+0.05 2.40+0.12 2.67+0.29 2.30+0.03 2.32+0.05 2.40+0.17 2.31+0.03 2.32+0.06  2.35+0.10
Fluorescence index
S R
E,ﬁzﬂ/?*ag 0.70£0.04 0.76+£0.09 0.76+0.06 0.69+0.05 0.65+0.06 0.79+0.08 0.66+0.03 0.66+0.02  0.83+0.08
Biological index
3
@ﬁ{k*ﬁﬂ 0.81+0.06 0.73+0.11  0.69+0.09 0.91+0.01 0.92+0.02 0.88+0.05 0.87+0.01 0.86+0.03  0.79+0.05
Humification index
Pl o Bl P B (A 1 22
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Fig.6 Variation characteristics of DOM fluorescence parameters during different water periods and water body types
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Table 5 Relationships between DOM components and water quality parameters in watershed surface water

YL 5y

THEA BeSA MA ¥ i TR R R AL
Fluorescence NO3-N NH;-N TN TP 0D,
component
PO 1(C1) -0.18 -0.04 0.12 -0.05 0.30**
PEIEH Y 2(C2) -0.17 -0.05 0.11 -0.07 0.31*
P43 3(C3) -0.39** 0.28** 0.23* 0.29** 0.51**

NO;Z-N: fif &% Nitrate nitrogen; NH} -N : #45 % Ammonium nitrogen; TN ; &% Total nitrogen; TP ; 5if Total phosphorus; COD,,, : = i R £h 6 44
Permanganate index, * # Fl % 73 5|FR/R7E P<0.01 Fl P<0.05 K- I 2 W&

(1) ZZ MK AT B S IR, ASTRL K3 ) DOC e B 38 PR R B A AT 7K > 7K 30 > 2 7K 0 5 S [R] 7K (A2 Al
6] DOC #e B BAR T I A /INRUKAR > — 9% 5 =% 30> T -5 — 2000,

(2) TEF I K PR 2 AT 50 (CL, C2) Al 1 AMREH A (C3), Hrp,c1 56Ew
T Sl A PR A G, C2 AR ki b e R 9 B T 4 43, C3 1 B R 2 R R

(3) A[EZK Y ] b 6K DOM 443 FRIEAF7E i 25 5 . C1 Al C2 B R B R /K3 > Sk > A7k
1, C3 FRIAHK I > F K> oK 5 SO EIE S 4L FL ARG K s BT 1.9, 171 HIX ZEA K B A, Ui
KA F I 2K DOM FZRIET [ AR IR R, AL R AR
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