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Abstract: This study focused on the coal-grain overlapping areas of the Huaihe River Basin, analyzing 31 water samples through
integrated EEMs-PARAFAC and FT-ICR MS techniques to unravel DOM molecular signatures and transformation pathways under
intense anthropogenic disturbances. Key findings include: (1) PARAFAC identified three fluorescent components (Cl: UV
humic-like; C2: terrestrial humic acid; C3: tryptophan-like), where intensity distribution (C1 > C3 > C2) and spectral indices (FI =
(1.77 + 0.12); HIX = (0.73 £ 0.07)) revealed dual DOM origins from terrestrial inputs (agricultural tributaries) and microbial
degradation (urbanized mainstream), highlighting their synergistic interactions. (2) FT-ICR MS unveiled a distinct "upstream
agriculture-downstream industry" spatial gradient: CHO and CHON molecules dominated agricultural headwaters, while CHOS
compounds increased downstream, governed by PAHs oxidative ring-opening and thioether-to-sulfonic-group conversion. (3) DOM
in coal-grain overlapping areas exhibited "sulfur/nitrogen-enriched, multi-source coupling" characteristics. Elevated CHON
proportions  (33%~37%) in tributaries correlated with fertilizer-derived deamination processes, whereas downstream
photochemical-metal co-catalysis (Fe?'/H,0,) triggered radical cleavage of "coal-sulfur" pollutants, generating highly aromatic,
low-oxidation-state stable products. These findings elucidate the dual natural-anthropogenic regulatory mechanisms of DOM,
providing molecular-level insights for organic pollutant source tracing and non-point source management in the basin.

Key words: Huaihe River Basin; coal-grain overlapping areas; dissolved organic matter; component characteristics; transformation
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Fig.1 Spatial distribution of the study area and sampling sites
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RIPHER] 2T M S AT« P IRT 37, A 78 S it
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Table 1 Physicochemical parameters of water bodies in the
study area
EEL F i i i
pH {f 7.66+0.51 7.41+0.46 7.14+0.30
EC(uS/cm) 588.501+126.94 496.15+153.57 588.50+126.94
TP(mg/L) 0.2940.21 0.20+0.12 0.10+0.04
TN(mg/L) 2.394+0.69 2.36+2.37 2.80+1.52
NH, -N(mg/L) 0.411+0.26 0.54+0.61 0.33+0.09
NO,-N(mg/L) 2.4140.88 241+1.88 1.70+1.53

1.2 JLigE

=S (EEMs) ] H A2 F-7100 %5606
T 7> M A (HITACHI, Japan), % 5€ 2 5000 F % LA
& (PMT) A 700V; ¥ & # K (Excitation
wavelength):200~500nm; A& 4 # 1 (Emission
wavelength):200~550nm; 3438 £ 1200mm/min; 4
(A F% Snmyff A 10mm A bl i T EEMs -0
15 5y 52 W 75 I B W S T, 2 B0 % UL L 220 s 0
AT B, B 22605 43 B vh i 1t A i B
A PR H e A U PR TAL B 5 5 S 2 Fa B
(L)~ JE B AL T8 B0 (HIX) A A 2EJ5HE B (BIX) ] T-340E
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(FI<1.4)WZE W] DOM == B 5 i Y5t 165 5 o ok s
S HIX %2752 E=254nm I, E,=(435~480)/
(300~345)nm N Y DX 38 AR 43 KN BEAE, FH T PR Al
DOM [ FHAL RS 2 HIX {H(>10)F WAL
(A ML LA 25 v 1 5 e R 5 R 1 4
B AE A HIX B W G ML %D 52 31 6 e o
VE R (5200, 1T e R U5 T BT 1K AR ) i BIX. Rk
E=370nm I ,E,=380/430nm I [{1%¢ )6 30 5 b A,
TiE4l DOM 138 A4 A P B 400w BIX H
(BIX>1.0)% A WL 3= 2k B T HE & s A=
YR A S5, 0 5 2% B AR S Bl A A HLY AR
BIX {H(BIX<0.6)%& B FE i v (A LA it 3= 2k A
B H (A WL B85 LR
1.3l LI AR R 21 [l i iR o

MR KR P 1 AT LB (DOC) IR P B 1 11
PFUKEE,REL 0.22um SR 8, 2 B0k 25 % 5.
Imol/L 1) #h R 1A 1L I8 5 /K FER pH (HZ] 2.8 H
Agilent Bond Elut PPL #£4T DOM A< HUFEASHUAL BE /K
FEM AL G K FER] ImL () 1:1 TP WV AR, 34T
FT-ICR MS 73#7.JH] Bruker SolariX 15T %4 FLiH-Ax
P2 1 IR AR T A (FT-ICR MS)33EAT Bt i A6
KA A R 25 B IR (ESDATIN, B 200 pl
FE R RERE, BEFEHCR N 120ul/h, B0 N D HLE N
4KV, B T 2R 0.06s. 55 5 F & 100~1600Da.
HOHERARE AN 4M 32 722U I & b 300 YR TT
B B m A e L B T N oy T s A
HUTAE R A bRHE— B T AR5 20 W7 7 THIL AR O/C
1 H/C A, 3% Van Krevelen EIEFRE S 7 DA
AL 27 4401 5T FT-ICR MS S8R HI4y
BN 2 BT AN BT T /40 FIBIE TS
BRI (ALnoa)~  TRIFIFRVEESAL ZS(NOSC) FIZEAN XL
${E(DBE), LAHE—LPF 4 DOM 431 (R HE.

#2 ETFT-ICRMS (L &¥EBF S LKk iE
Table 2 Compound classification criteria based on FT-ICR MS data

HAERAL eSS
52 (Lipids) 0/C=0~0.2,H/C=1.7~2.2
B A 5/ 2 7 HE 2 (Proteins/amino sugars) 0/C=0.2~0.6,H/C=1.5~2.2,N/C>0.05
B2 (Carbohydrates) 0/C=0.6~1.2,H/C=1.5~2.2

AHFIRE AL A ) (Unsaturated hydrocarbons)
B 55 45 J5(Condensed aromatics)
A J5i % J5(Lignins)
H7* % 9 (Tannins)

0/C=0~0.1,H/C=0.7~1.5
0/C=0~1,H/C=0.3~0.7, Aloi>0.67
0/C=0.1~0.6,H/C=0.6~1.7, Al0q<0.67
0/C=0.6~1.2,H/C=0.5~1.5,Al04<0.67
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2.3 FT-ICR MS 4> TS HURHE

%3 ETFTICRMS HIEHENS TS
Table 3 Molecular parameters calculated from FT-ICR MS

data
KAEUGE mlz H/C 0/C Al DBE  NOSC
GS 438.45 1.39 0.32 0.21 8.11 -0.64
GZ 452.07 1.29 0.40 0.23 9.12 -0.40
GX 465.19 1.31 0.38 022 9.20 -0.42
PHI 475.97 1.32 0.37 0.22 9.32 -0.47
PH2 47191 1.32 0.35 0.23 9.37 -0.51
XFH  458.62 1.36 0.33 0.22 8.79 -0.55
M 460.37 1.33 0.36 0.22 8.99 -0.50

F T FT-ICR MS #Hidls vt 55 0 72803k 3 pon,
-7 DOM (1) )iy Ly il b 438.45~465.19, L3 itiu
A 458.62~4.75.97. 13 DOM 4y F 5% 5T, 1M
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LN GEAE 20 B BB 05 B A S LR ).
2.4 DOM 4> 43 Al ik
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Fig.5 Van Krevelen diagram of DOM molecules based on FT-ICR MS
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Fig.6 Relative proportions of molecular formulas and compound classes from FT-ICR MS
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