Ba0E R al BeoE H s KW Vol.40 No.4
2024 4 8 H Environmental Monitoring in China Aug. 2024

Fi i is A YU AR R IRIR R

2 FEAT,ERE OBAA,E W
Lk e SHEEAHEF S EREREE RO, WL 4K FE 050051
2.9 LKA AL SR E 071002

3. FVEVE AR A PR AR PG L KR 050051

4. VYR 2k, I BLED 611130

5. FUEEE TR A A B M e Tl fRE 071002

W E.RAZLERAELES FAE TN T EBATATRE T ZEBABR(DOM) d5 45, & DOM A5 &k 5 A
HHAM R FHAY M FTEDEEARRR, SRET,HAKEDOM P RE T R4k my L b @A £ AR
(ClAC) A fo—FHEBEOR(CAH U EZZRTANEER, —FHELETEH(CHAS IR TANMERF A RRH
AN, BEEESWEI,SFHEWENETE C1.C2.C3HEREZFRABE(P<0.05),5 C48 5 2R F E48%(P<
0.05), R F MMM A KERLEmARETHELREOROGLE, TEAOSM(RDA) LR —F AN, £F @M E
R(ER)FARERE)VGBAARBRY A, A RO ERERE)PIRE(GE) AR REER,

KR A R AALY = R

hES XS X522 ARG A X E %S :1002-6002( 2024) 04- 0204-09

DOI:10. 19316/j. issn. 1002-6002. 2024. 04. 21

Composition and Sources of Dissolved Organic Matter in the Fuhe River

LI Ping' , YUE Longfei’, LI Hongbo’ , YANG Maosen* , MENG Jie’

1. Hebei Provincial Eco-Environment Publicity Education and Pollution Source Monitoring Center, Shijiazhuang 050051, China

2. Hebei University , Baoding 071002, China

3. Baiyangdian Basin Eco-Environmental Support Center, Shijiazhuang 050051, China

4. Southwestern University of Finance and Economics, Chengdu 611130, China

5. Baiyangdian Basin Eco-Environmental Monitoring Center, Baoding 071002, China

Abstract: Three-dimensional fluorescence spectroscopy and parallel factor analysis were used to analyze the components of
dissolved organic matter ( DOM ) in the water of Fuhe River, and the dynamic relationship between DOM components,
anthropogenic emissions and phytoplankton cell density was studied. The results showed that the model produces two humic-like
species (C1 and C2),one fulvic-like acid (C3) and a protein-like ( C4) component,in which C1,C2 and C4 were mainly
derived from anthropogenic emissions, and C3 was derived from anthropogenic emissions and natural inputs. The regression
analysis found that phytoplankton biomass was negatively correlated with the proportion of fluorescence components C1,C2 and C3
(P<0.05) ,and positively correlated with the proportion of C4 ( P<0.05). The results of redundancy analysis ( RDA) further
indicated that the retinoids had a positive effect on Microcystis ( Cyanophyta) and Gomphonema ( Bacillariophyta ) , while the
proteinoids had a promoting effect on Trachelomonas ( Englenophyta) and Chlorella vulgaris ( Chlorophyta).
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Fig.1 The schematic diagram of

sampling points distribution
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Table 1 Dominant phytoplankton species and their dominance in four rivers
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Table 2 Correlation between proportion of each component and DOM concentration
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Relationship between cell density and relative

abundance of DOM components

N T HE— 2R TR W R B T XF DOM. 4Lk
(R 5 ], AR AIF 5 %6 5€ S 4 43 FH %k = 8 R0 7 Ui A 0
BEVE RSP A W i AT T OUR AT HT . G5 AR R,
T A P i e T AR AR R 2519 98.9% (KK 6)
A A 35 ol 11 B 8 9 (S T ) R S A (ke
A1) 4 v 43 A3 F RF AT b U R — AR 5 28 A
JE 4y C3 RIEA G, F#H A e K EMY KL
DOM V& FERAR M /K R rh 25 5y 34 58 . 12 W 250
B T ZH 43 C1 Bl b 2 08 B T 4 4 €2 5 K 25007

AP O H A R C . 200 A T4 4 1 4
BB (RRE) 5SXREA R4S C4 21 FIEM
5 IR H AR TR ZIR B C4 Y AR X S B
AR R LR Y RO BREE NEREE /DBR
H5REATRAS C4 2 IEH I, H AR5,
F U RIS R I DA A R VR 25 A B O A
43R C3.C4, L5 L FTiR , DOM ¥ B A%, 25 8 o
B4 4 C1,C3 R AE X =F B vy P DA 0 9 2B
HORRAIG . R TR R SR AR 4 LR P AR



210 Ex o5 oW a0k H4l 202448 A
HBEARAESr C4 WA XS 3 B T = i, SR U4 Communications 2019, 10( 1) ;459.
(oS MR AR s NEREE [3] WANG K, PANG Y, HE C, et al. Optical and
TR 2 R A S Molecular Signatures of Dissolved Organic Matter in

08 m Xiangxi Bay and Mainstream of Three Gorges
Reservoir,  China;  Spatial Variations and
Environmental Implications [ J]. Science of the Total
g Environment,2019,657:1 274-1 284.
El (4 HRFME U R AT, S £ R AR L e
5 A LB 63 R A B (0] A 5 M
2023,39(1) :137-145.
ZHANG  Jiasheng, MENG Fansheng, LIANG
Zhuming, et al. Absorption and Fluorescence Spectral
Characteristics of Dissolved Organic Matter in the
RDAL (88.36%) Upper Qihulin River Basin [ J]. Environmental
Be6 4FARFHEYNENES DOM Monitoring in China,2023,39(1) ;137-145.
X FER RDA 4R [57 SHIY,ZHANG L Q,LI Y P,et al. Influence of Land
Fig.6 RDA analysis results of phytoplankton Use and Rainfall on the Optical Properties of
biomass and relative abundance of Dissolved Organic Matter in a Key Drinking Water
DOM components in four rivers Reservoir in China [ J ]. Science of the Total
Environment, 2020 ,699 : 134301.
3 g5 [6] ZHANG Y L, LIU X H, OSBURN C L, et al.
Photobleaching Response of Different Sources of
D) KRS B DOM =y 2 B 2S)8 7 R Chromophoric Dissolved Organic Matter Exposed to
(CLAIC2) 1 B g ML (C3) 1 M2 ZE B Natural Solar Radiation Using Absorption and
(C4) LA, FoP C1.C2 H C4 - 5K 0T e Excitation-Emission Matrix Spectra[ J]. PLoS ONE,
He,C3 00 52 5 HE R [ 4% U A B9 36 ) 2013, 8(10) 277313
W, [7] ZHANG Y L,YIN Y,FENG L Q, et al. Characterizing
- Chromophoric Dissolved Organic Matter in Lake
2)4 ZA KA rh AR M R PRI AE Y 7 1] 39 . N -
. - Tianmuhu and Its Catchment Basin Using Excitation-
Bl DL SET] SRS TTANGE S ) Oy . /R /D Emission Matrix Fluorescence and Parallel Factor
SRS BB AE 4 SR I 2 D 3 Analysis[ J]. Water Research,2011,45(16):5 110-
3) VR AE Y AE Y i 5 DOM iy C1,C2,C3 s 1.
HormAaxT F R B FEAMHC, 5 C4 401 (8] ZHANG Y X. CHENG D D. REN Y X. ef al.
AERERRETARK, JE ALY C3 LK Influence of Land Cover Types and Phytoplankton
15 o A0 e R S AR DAy DI R T 288 B 4 oy Community on the Distribution and Fate of Dissolved
C4 7 BE T U)X 44 BR e RS e /DN RO 1 1 Bl A Organic Matter in a Typical River Located in the
MM, Semi-arid Regions of China [ J ]. Journal of
Hydrology 2022610 127818.
% % LK ( References) : [9] AHAMAD M I, SONG J X, SUN H T, et al
[1] LIUD,DU Y X, YU S J, et al. Human Activities Contamination Level, Ecological Risk, and Source
Determine Quantity and Composition of Dissolved Identification of Heavy Metals in the Hyporheic Zone
Organic Matter in Lakes Along the Yangtze River of the Weihe River, China[ J]. International Journal
[J]. Water Research,2020,168:115-132. of Environmental Research and Public Health,2020,
[2] LYNCHL M,SUTFIN N A,FEGEL T S, et al. River 17(3) : 1070.
Channel Connectivity Shifts Metabolite Composition [10] Aol g, 253, W 2 5, %, DU T I+ 32 0 7 i Al

and Dissolved Organic Matter Chemistry[ J]. Nature

PITEVE R L B FCXT R B 1R 7R SR A [T ] v R PR



B B CRUNS RN N WS E 3K 211
,2022,38(1) :124-135. (18] FW B L RKF AWM AR Tk (M]. L
YU Yexin, LI Yan, XIANG Luojing, et al. R R, 1991
Phytoplankton Assemblage Characteristic and Its [19] MURPHY K R,STEDMON C A,GRAEBER D, et al.
Indication on Water Quality in the Lower Reaches of Fluorescence Spectroscopy and Multi-way Techniques
the Hanjiang River[ J]. Environmental Monitoring in PARAFAC[ J]. Analytical Methods, 2013,5(23) .
China,2022,38( 1) :124-135. 6 557-6 566.

[11] KOPYLOV A I, KOSOLAPOV D B, [20] LAMBERT T,BOUILLON S, DARCHAMBEAU F,et
MASLENNIKOVA T S, et al. Production of al. Shift in the Chemical Composition of Dissolved
Heterotrophic Bacterioplankton in a Large Meso- Organic Matter in the Congo River Network [ J].
Eutrophic Reservoir: The Importance of Extracellular Biogeosciences,2016,13( 18) .5 405-5 420.

Organic Carbon Released by Phytoplankton [ J ]. [21] CHEN B F, HUANG W, MA S Z, et al.
Contemporary Problems of Ecology,2018,11:54-63. Characterization of Chromophoric Dissolved Organic

[12] JAFFE R,MCKNIGHT D,MAIE N, et al. Spatial and Matter in the Littoral Zones of Eutrophic Lakes Taihu
Temporal Variations in DOM Composition in and Hongze During the Algal Bloom Season [ ]J].
Ecosystems: The Importance of Long-Term Monitoring Water,2018,10(7) :861-861.
of Optical Properties [ J]. Journal of Geophysical [22] CHEN M L,KIM J H,NAM S, et al. Production of
Research : Biogeosciences,2008,113(4) :1-15. Fluorescent Dissolved Organic Matter in Arctic Ocean

[13] MCKNIGHT DM, ELIZABETH W B, WESTERHOFF Sediments [ J ]. Scientific Reports, 2016, 6 (1)
P K, et al. Spectrofluorometric Characterization of 39213.

Dissolved Organic Matter for Indication of Precursor [23] LUK T,GAO H J, YU H B, et al. Insight into
Organic Material and Aromaticity[ J]. Limnology and Variations of DOM Fractions in Different Latitudinal
Oceanography,2001,46( 1) :38-48. Rural Black-Odor Waterbodies of Eastern China

[14] KIM J, KIM Y, PARK S E, et al. Impact of Using Fluorescence Spectroscopy Coupled  with
Aquaculture on Distribution of Dissolved Organic Structure Equation Model [ J]. Science of the Total
Matter in Coastal Jeju Island, Korea, Based on Environment,2021,816:151531.

Absorption and Fluorescence Spectroscopy [ J ]. [24] SHARMA P, LAOR Y, RAVIV M, et al
Environmental Science and Pollution Research,2021, Compositional Characteristics of Organic Matter and
29(1) :553-563. Its Water-Extractable Components Across a Profile of

[15] STEDMON C A, MARKAGER S, BRO R, et al. Organically Managed Soil[ J]. Geoderma,2017,286:
Tracing Dissolved Organic Matter in Aquatic 73-82.

Environments Using a New Approach to Fluorescence [25] ZHANG L,SUN Q,YOU Y, et al. Compositional and
Spectroscopy[ J]. Marine Chemistry, 2003, 82 (3) . Structural Characteristics of Dissolved Organic Matter
239-254. in Overlying Water of the Chaobai River and Iis

[16] ZHANG Y L,DIJK M A V,LIU M L, et al. The Environment Significance[ J ]. Environmental Science
Contribution  of  Phytoplankton  Degradation to and Pollution Research, 2021, 28 (42): 59 673-
Chromophoric Dissolved Organic Matter (CDOM) in 59 686.

Eutrophic Shallow Lakes: Field and Experimental [26] ZHOU Y Q,ZHANG Y L,SHI K, et al. Lake Taihu,a
Evidence[ J ]. Water Research,2009,43(18) :4 685- Large, Shallow and Eutrophic Aquatic Ecosystem in
4 697. China Serves as a Sink for Chromophoric Dissolved

[17] YUM D,HE X S,XI B D, et al. Investigating the Organic Matter[ J]. Journal of Great Lakes Research,
Composition  Characteristics  of  Dissolved and 2015,41(2) :597-606.

Particulate/Colloidal Organic Matter in Effluent- [27] GAO Z,GUEGUEN C. Size Distribution of Absorbing
Dominated Stream Using Fluorescence Spectroscopy and Fluorescing DOM in Beaufort Sea, Canada Basin
Combined with  Multi-variable ~ Analysis [ J ]. [J]. Deep Sea Research Part I : Oceanographic
Environmental Science and Pollution Research,2018, Research Papers,2016,121:30-37.

25(9) :9 132-9 144. [28] HONG H L, WU S J, WANG Q, et al. Fluorescent



212 L Wk Mo a0k a4 202448 H

Dissolved Organic Matter Facilitates the [31] LEE S A,KIM T H,KIM G, et al. Tracing Terrestrial
Phytoavailability of Copper in the Coastal Wetlands Versus Marine Sources of Dissolved Organic Carbon
Influenced by Artificial Topography [ J]. Science of in a Coastal Bay Using Stable Carbon Isotopes|[]].
the Total Environment,2021,790;147855. Biogeosciences,2020,17(1) :135-144.

[29] SONDERGAARD M,STEDMON C A,BORCH N H. [32] NILOY N M, HAQUE M M, TAREQ S M.
Fate of Terrigenous Dissolved Organic Matter (DOM ) Characteristics,, Sources, and Seasonal Variability of
in Estuaries: Aggregation and Bioavailability [ J]. Dissolved Organic Matter ( DOM ) in the Ganges
Ophelia,2003,57(3) :161-176. River, Bangladesh [ J ]. Environmental Processes,

[30] LIP H,CHEN L,ZHANG W, et al. Spatiotemporal 2021,8:593-613.

Distribution, Sources, and Photobleaching Imprint of [33] OSBURN C L, WIGDAHL C R, FRITZ S C, et al.
Dissolved Organic Matter in the Yangtze Estuary and Dissolved  Organic ~ Matter ~ Composition  and
Its Adjacent Sea Using Fluorescence and Parallel Photoreactivity in Prairie Lakes of the U.S. Great
Factor Analysis [ J]. PLoS One, 2015, 10 (6): Plains [ J]. Limnology & Oceanography, 2011, 56
e0130852. (6):2371-2 390.

EiR) (PEIFEEN) ELE T IRNE %O E T

EH AP SOOI TR H RN ) 2023 AE MU & il i, 2N B R Gt i e R e K
PEAT, P E RS ) A g SORG U T EE R B ) 2023 AR R (RIER 10 i) Z FRBERR A A% T
S S Cr B 5 ) o 52 5 - RO B R SO D

CHr SR T EE RS ) BIIE SR v SO 30 1) S, 4 =45 BT F 5 60 20 1 113 R — W, 2023 4 it
98 TAE ALt K F B B0 45, 38 32 A7 19 148 L LR A TAE N B S T W98, 9473 (i 2Rk & K
Z 5 TIFH , Wk TAE 32 SR ARKYE SO T 22 IR Oy 125l 5 2 2 BTN | 2R AR S5 B TP U 13T
W5 E PR AR AS S 19 75 3, PPt RE RS S Wi B ol R RTRIT VT 3 2 (B R B A AR T B
R\ EEH BRI,

Cr E PRSI0 ) BT T 1985 4F | il AR A PR 3 248 o [ R B M I B ol 2o Bl — B IR Fp R
P M PR ST R 25 A B I3 TSN AR R 399 R B0 S 2 A= 2 PR A5 M D00 A7 B R RO O ik
SR 7R B0 10 SE U 6 o >0 Wt 0 3 ) A 2 05 A B S R AR R B e L AR oR (R
PS5 Mo D00 ) B R B B R RURIE S T, AR S AT T PN A St 2 W R AR B R R 300 )
SR R AT LR ) AW R T

T, Ch E PRSI )R P = 48 S N PR DT, 85 0 B T 0 T, BB R SR
VB, AR TR AR ISR BT W T AR R A I 55, A s e i AR 2SR M A R B R R S



