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Spatiotemporal variations and source apportionment of dissolved organic matter in urban
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Abstract: This study investigated two typical urban rivers in Wuhan: Xunsi River, which receives intensive anthropogenic
pollution, and Qingshangang River, where ecological restoration has been implemented. We compared the concentrations, optical
properties, and fluorescence characteristics of dissolved organic matter (DOM) between the two rivers, and systematically
examined the mechanisms by which human activities influence the composition, sources, and temporal dynamics of DOM.
Results indicate that anthropogenic pollutant inputs are the primary driver of spatial differences in DOM. The Xunsi River
exhibited significantly higher DOC concentrations, stronger aromaticity, and greater abundances of all fluorescent components
than Qingshangang River. Source apportionment showed that DOM in Xunsi River was dominated by internal inputs and enriched
with labile protein-like substances, whereas DOM in Qingshangang River originated from mixed autochthonous and
allochthonous sources and was dominated by stable humic-like substances. Temporally, DOM characteristics in Xunsi River
displayed distinct seasonal variations, largely attributable to intense anthropogenic disturbances. Specifically, protein-like
components increased substantially in the wet season, likely due to the mixing of sewage and stormwater. In contrast,
Qingshangang River maintained seasonally stable DOM composition, owing to regulated external inputs and the predominance
of humic-like substances. This study confirms that urban sewage discharge not only directly increases river organic loads but also

indirectly regulates aquatic internal metabolism by altering nutrient levels, thereby jointly shaping the overall DOM characteristics
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in urban rivers. An integrated strategy combining exogenous pollution control with endogenous ecological regulation can provide
a scientific basis for improving urban river water quality and optimizing regional carbon cycle management.
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Fig.1 Location, land use and distribution of sampling sites in the Wuhan, China
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Tab.1 Calculation methods for ultraviolet and fluorescence parameters
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Fig. 2 Five fluorescence components of three-dimensional fluorescence spectroscopy in the XSH and QSG rivers
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Fig.3 Temporal and spatial variation characteristics of the ultraviolet-visible absorption spectral parameters of
DOM in the XSH and QSG rivers during the dry season (D) and wet season (W) (Different letters indicate
significant differences. The upper and lower lines of the box represent the quarter line and the three-quarter line

respectively, the horizontal line represents the median line, and the black dots represent the average value)
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Fig.4 Temporal and spatial variation characteristics of DOM fluorescence components in the XSH and QSG
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Fig.6 The proportion of DOM fluorescent components in the dry and wet seasons of XSH and QSG rivers

3.2 DOM SRR

TERTEA LR (DOMD [SRIFE 5 IR AR5 N IR B A2, e rp /MR F a4 5 L
JR BN RGBSR AN, PR U 3 B SR IE T /K A R B AR P 5 T A AR B AR B, — TS, IR DOM
AR A A BRI R SR, T AMJR DOM ) 22 38 1 o R A2 7 45 R A WL B 26 2T A4
RO, ARG RERY, TS S5KENNE DOM KIERE LAEREZER (P<0.05, BS5S), RBHA
AN THRBRE T DOM TR &350 5. KR FI S e, R DOM A Bk MK



A SRUEHRFE, AT R85 15 /KA BRI BTSRRI 0%, RN T S BUKAR AL A Wl R R
P8, A2 R, F L% FIEML AN, FER3 DOM KR R A B BRI A N 1 3L R 45 5
o, TIRAE RS> C1~C5 ERBEZER (P<0.05, B 4) ATERKIEE AR T RIEHEHER 2 5

EAERERR, EA BRI AMNER R NSRBI RS 32K T IR AT fe i s N IR AE IR L. B
R BRI AR A AR 0 AR K, e AR R AR YR DOM I R AE R,
FI 5 BIX Z [H&FMIEHXER (P <005, K7 #3358, WEBG DOM AMAEDIER Y, B
BEEQEY TR A SHER, 50645 C1-C5 a8 EMEEMFE (P<0.01, B6), ZHAM
DOM #4153 2 A ] G388 I Sk 256 Ak S5 R WA F AR ELIC R A Ap 0,

MBI MAERE, FiL#E+H DOM %415 C1-C5 EREE5WEZMARNBEEER (P>
0.05, E4), KWETALNTIH DOM 4 AIFEHAN XA B X — B S AT A5 i R A A 7= i FE i Fr e itk
H%, AT, FRAS RGBT RS0 EYRENS R 4 KR DOM, M §54b =T M3t sh i
B, TR A A C3 Hr RIEENE T ER (P<0.05, B 4), RHFITBUEE T 2540 R
DOM 5 S ARFAE , 1230 5 W] it 5 N 2050 o [ /KR 38 SR 4 A s, AN (2 3R 2 B (1 B R SR DRI,
SRS, DOM S5 MM SSHEAR IS B T DOM HISRIFIFAE . 20T RE 5L W] Bk, 48
IR T R RAE KSR o ZERAIK S AT R AL A A e 2 e B YR AN S 3R 5 T DOM i 22 I 8]
A, AN ) Sk R (AR X B v I B T 2 . RS AU AT E— 2D 90 DOM FESAS Ik 2 v (1
AL, LR FLAE P Bt AR AR 2R H 1 4 FH AT

o Il> (66l -«
I

E2:E3 - ==

-0.26 -0.28 -0.22 -0.48 -0.28 -0.17 -0.43

] e
0 s 0 0
e
.-. >0-25

+

of G e Q@ & §

B 7 & FE A LA DOM 25K Spearman #H 2% R %
Fig.7 The Spearman correlation coefficient of DOM parameters in the XSH and QSG rivers
4 2518

AW FE LA T P 2% SR T (RSB SIRTE LLHE S5 75 G a8 w ) AN R, 87 T IR
LGS RLE EE A LT (DOM) A, SRR S EZh A RHE R . EZ LSRR



(1) N5 G BREN T DOM 4L 5k 23 8] 73 53t f SCHE R 32, DOM SRS I H I 2% 1) 2 1)
FEBE. WE)T DOM HLAT B8 A K AERURIRHAE, 5235 /K A ER =R B A R TR A IR £
M7 Lh# DOM W 3 A PR AR 7 55 S5 A S [ £ RO 9R 5 SRIBARFALE

(2) DOM [ 23 A AL R AR SRR A5 A TR IE R . 3R] DOM [ C3 470k % A
ARFNFVES, JLHAENT, FERRR SRS KGR T NEE RN, SEBUKE A 5%
U ARSI ARG 58, AHELZ R, IS RUE L DOM H s B AR LR FF AR ARE -

(3) {5k R R & 7 IR A LA, I 5K IR IR RIS T DOM HIZH AL
SERAE . PRI, 42 MRS S N A R BRI T AT WL AR B o5 R T VR K P 5 A
2.

AWFTERIL DOM L5 Bl A S N 9T P B AR AR 35 B IL G REBR AR, 210K DOM Y62
M NIRTTITH WK BT PP At 2R, AR 35 TS el . UL TRUE, I 9P Al i imn it AR B HE s i
SHE B IR HRL AR

5 &E ik

[1] Résdnen N, Kankaala P, Tahvanainen T ez al. Changes in dissolved organic matter and microbial activity in runoff waters of boreal mires after
restoration. Aquatic Sciences, 2018, 80(2): 20. DOI: 10.1007/s00027-018-0569-0.

[2] Chen ML, Jaffé R. Photo- and bio-reactivity patterns of dissolved organic matter from biomass and soil leachates and surface waters in a subtropical
wetland. Water Research, 2014, 61: 181-190. DOI: 10.1016/j.watres.2014.03.075.

[3] Zhang YL, Zhou L, Zhou YQ et al. Chromophoric dissolved organic matter in inland waters: Present knowledge and future challenges. Science of the
Total Environment, 2021, 759: 143550. DOI: 10.1016/j.scitotenv.2020.143550.

[4] Tranvik LJ, Cole JJ, Prairie YT. The study of carbon in inland waters—from isolated ecosystems to players in the global carbon cycle. Limnology and
Oceanography Letters, 2018, 3(3): 41-48. DOI: 10.1002/1012.10068.

[5] Roebuck JA Jr, Seidel M, Dittmar T ez al. Controls of land use and the river continuum concept on dissolved organic matter composition in an
anthropogenically disturbed subtropical watershed. Environmental Science & Technology, 2020, 54(1): 195-206. DOI: 10.1021/acs.est.9b04605.

[6] LiYM, Xue YX, Roy Chowdhury T et al. Genomic insights into redox-driven microbial processes for carbon decomposition in thawing Arctic soils and
permafrost. mSphere, 2024, 9(7): €0025924. DOI: 10.1128/msphere.00259-24.

[7] Carena L, Vione D. Mapping the photochemistry of European mid-latitudes rivers: An assessment of their ability to photodegrade contaminants.
Molecules, 2020, 25(2): 424. DOI: 10.3390/molecules25020424.

[8] Zhang HZ, Cheng DD, Song JX et al. Spatiotemporal fate of dissolved organic matter (DOM) in aquatic systems: Drivers, patterns and global
implications. Journal of Hydrology, 2025, 661: 133637. DOI: 10.1016/j.jhydrol.2025.133637.

[9] Greenwood PF, Berwick LJ, Croué JP. Molecular characterisation of the dissolved organic matter of wastewater effluents by MSSV pyrolysis GC-MS
and search for source markers. Chemosphere, 2012, 87(5): 504-512. DOI: 10.1016/j.chemosphere.2011.12.051.

[10] Kaushal SS, Groffman PM, Band LE ez al. Tracking nonpoint source nitrogen pollution in human-impacted watersheds. Environmental Science &
Technology, 2011, 45(19): 8225-8232. DOI: 10.1021/es200779.

[11] Meng FG, Huang GC, Yang X et al. Identifying the sources and fate of anthropogenically impacted dissolved organic matter (DOM) in urbanized rivers.
Water Research, 2013, 47(14): 5027-5039. DOI: 10.1016/j.watres.2013.05.043.

[12] Chen BY, Kim Y, Westerhoff P. Occurrence and treatment of wastewater-derived organic nitrogen. Water Research, 2011, 45(15): 4641-4650. DOI:
10.1016/j.watres.2011.06.018.

[13] Czerwionka K, Makinia J, Pagilla KR et al. Characteristics and fate of organic nitrogen in municipal biological nutrient removal wastewater treatment
plants. Water Research, 2012, 46(7): 2057-2066. DOI: 10.1016/j.watres.2012.01.020.

[14] Liu Q, Jiang Y, Tian YL ez al. Impact of land use on the DOM composition in different seasons in a subtropical river flowing through a region
undergoing rapid urbanization. Journal of Cleaner Production, 2019, 212: 1224-1231. DOL: 10.1016/j.jclepro.2018.12.030.

[15] Osburn CL, Handsel LT, Mikan MP et al. Fluorescence tracking of dissolved and particulate organic matter quality in a river-dominated estuary.

Environmental Science & Technology, 2012, 46(16): 8628-8636. DOI: 10.1021/es3007723.

10



[16] Wang Y, Ma BJ, Xu YJ ef al. Eutrophication and dissolved organic matter exacerbate the diel discrepancy of CO, emissions in China’s largest urban
lake. Environmental Science & Technology, 2024, 58(47): 20968-20978. DOI: 10.1021/acs.est.4c06244.

[17] Tian XK, Liu ML, Tan DY e al. Nutrient drivers and ecological restoration modulate greenhouse gas emissions from contrasting urban rivers.
Environmental Research, 2026, 291: 123562. DOI: 10.1016/j.envres.2025.123562.

[18] Stedmon CA, Bro R. Characterizing dissolved organic matter fluorescence with parallel factor analysis: A tutorial. Limnology and Oceanography:
Methods, 2008, 6(11): 572-579. DOI: 10.4319/1om.2008.6.572.

[19] Santos L, Santos EBH, Dias JM et al. Photochemical and microbial alterations of DOM spectroscopic properties in the estuarine system Ria de Aveiro.
Photochemical & Photobiological Sciences, 2014, 13(8): 1146-1159. DOI: 10.1039/c4pp00005f.

[20] Helms JR, Stubbins A, Ritchie JD et al. Absorption spectral slopes and slope ratios as indicators of molecular weight, source, and photobleaching of
chromophoric dissolved organic matter. Limnology and Oceanography, 2008, 53(3): 955-969. DOI: 10.4319/10.2008.53.3.0955.

[21] Zhang YL, Liu XH, Wang MZ et al. Compositional differences of chromophoric dissolved organic matter derived from phytoplankton and macrophytes.
Organic Geochemistry, 2013, 55: 26-37. DOI: 10.1016/j.orggeochem.2012.11.007.

[22] McKnight DM, Boyer EW, Westerhoff PK et al. Spectrofluorometric characterization of dissolved organic matter for indication of precursor organic
material and aromaticity. Limnology and Oceanography, 2001, 46(1): 38-48. DOI: 10.4319/10.2001.46.1.0038.

[23] Yu H, Xu C, Zhang WQ et al. Effects of management on the content and spectral characteristics of soil dissolved organic carbon in a sub-tropical forest.
Chinese Journal of Applied Ecology, 2022, 33(8): 2146-2152. DOI: 10.13287/j.1001-9332.202208.012. [4x1i, &, ik C#m&s. 28 7 S
AR LI RT I VAT HUBR S S RO B SRR AE (5. R AR A 244, 2022, 33(8): 2146-2152.]

[24] Parlanti E, Worz K, Geoffroy L ef al. Dissolved organic matter fluorescence spectroscopy as a tool to estimate biological activity in a coastal zone
submitted to anthropogenic inputs. Organic Geochemistry, 2000, 31(12): 1765-1781. DOI: 10.1016/S0146-6380(00)00124-8.

[25] Yamashita Y, Scinto LJ, Maie N ez al. Dissolved organic matter characteristics across a subtropical wetland’s landscape: Application of optical properties
in the assessment of environmental dynamics. Ecosystems, 2010, 13(7): 1006-1019. DOI: 10.1007/s10021-010-9370-1.

[26] Williams CJ, Yamashita Y, Wilson HF et al. Unraveling the role of land use and microbial activity in shaping dissolved organic matter characteristics in
stream ecosystems. Limnology and Oceanography, 2010, 55(3): 1159-1171. DOI: 10.4319/10.2010.55.3.1159.

[27] Stedmon CA, Markager S. Tracing the production and degradation of autochthonous fractions of dissolved organic matter by fluorescence analysis.
Limnology and Oceanography, 2005, 50(5): 1415-1426. DOI: 10.4319/10.2005.50.5.1415.

[28] Stedmon CA, Markager S. Resolving the variability in dissolved organic matter fluorescence in a temperate estuary and its catchment using PARAFAC
analysis. Limnology and Oceanography, 2005, 50(2): 686-697. DOI: 10.4319/10.2005.50.2.0686.

[29] Ni MF, Li SY, Santos I ez al. Linking riverine partial pressure of carbon dioxide to dissolved organic matter optical properties in a Dry-hot Valley
Region. Science of the Total Environment, 2020, 704: 135353. DOI: 10.1016/j.scitotenv.2019.135353.

[30] Murphy KR, Stedmon CA, Graeber D et al. Fluorescence spectroscopy and multi-way techniques. PARAFAC. Analytical Methods, 2013, 5(23): 6557.
DOI: 10.1039/c3ay41160e.

[31] Lambert T, Bouillon S, Darchambeau F et al. Effects of human land use on the terrestrial and aquatic sources of fluvial organic matter in a temperate
river basin (The Meuse River, Belgium). Biogeochemistry, 2017, 136(2): 191-211. DOI: 10.1007/s10533-017-0387-9.

[32] Wang SH, Zhang B, Fu ZH et al. Effects of the virgin forests to the dissolved organic matters in small forested watershed: A case study of the Tangwang
River in Northeast China. Environmental Science and Pollution Research, 2021, 28(29): 39268-39281. DOI: 10.1007/s11356-021-13060-z.

[33] Zhang YL, Zhou YQ, Shi K et al. Optical properties and composition changes in chromophoric dissolved organic matter along trophic gradients:
Implications for monitoring and assessing lake eutrophication. Water Research, 2018, 131: 255-263. DOI: 10.1016/j.watres.2017.12.051.

[34] Chen ZC, Wen YN, Xiao M et al. Characteristics of dissolved organic matter impacted by different land use in Haihe River watershed, China.
International Journal of Environmental Research and Public Health, 2023, 20(3): 2432. DOI: 10.3390/ijerph20032432.

[35] 157% K. YT _Edp SRR A A B 38 K-S P T AR ST Bt L [0 5], dbat: A E R R, 2019.

[36] Johnston SE, Bogard MJ, Rogers JA et al. Constraining dissolved organic matter sources and temporal variability in a model sub-Arctic lake.
Biogeochemistry, 2019, 146(3): 271-292. DOIL: 10.1007/s10533-019-00619-9.

[37] Yamada E, Ohara S, Uehara T et al. Biodegradation of dissolved organic matter (DOM) released from phytoplankton in Lake Biwa. Analytical Sciences,

2012, 28(7): 675-681. DOI: 10.2116/analsci.28.675.

11



[38] Lin L, Wu JL, Zeng HA et al. Stable nitrogen isotope tracing anthropogenic influence on Lake Taihu. J Lake Sci, 2012, 24(4): 546-552. DOI:
10.18307/2012.0407. [FKItk, SRbtk, wHEBEaE. NGB0t KWK W )58 € 2R AL 3R ER AR, 2012, 24(4): 546-552.]

[39] Li L, Jeon Y, Ryu H et al. Assessing the chemical compositions and disinfection byproduct formation of biofilms: Application of fluorescence excitation-
emission spectroscopy coupled with parallel factor analysis. Chemosphere, 2020, 246: 125745. DOI: 10.1016/j.chemosphere.2019.125745.

[40] Hansen AM, Kraus TEC, Pellerin BA et al. Optical properties of dissolved organic matter (DOM): Effects of biological and photolytic degradation.
Limnology and Oceanography, 2016, 61(3): 1015-1032. DOI: 10.1002/n0.10270.

[41] Liu C, Li ZW, Berhe AA et al. Characterizing dissolved organic matter in eroded sediments from a loess hilly catchment using fluorescence EEM-
PARAFAC and UV—Visible absorption: Insights from source identification and carbon cycling. Geoderma, 2019, 334: 37-48. DOI:
10.1016/j.geoderma.2018.07.029.

[42] Cruz-Paredes C, Tajmel D, Rousk J. Can moisture affect temperature dependences of microbial growth and respiration  Soil Biology and Biochemistry,
2021, 156: 108223. DOI: 10.1016/j.s0ilbio.2021.108223.

[43] Shang P, Lu YH, Du YX e al. Climatic and watershed controls of dissolved organic matter variation in streams across a gradient of agricultural land use.

Science of the Total Environment, 2018, 612: 1442-1453. DOL: 10.1016/j.scitotenv.2017.08.322.

12



