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Abstract: Dissolved organic matter (DOM) is a key component of aquatic ecosystems and the global carbon cycle. However, the lack
of reference samples for endogenous freshwater DOM has hindered a deeper understanding of its environmental behavior and
biogeochemical cycling. This study aims to provide a gram-scale, high-purity endogenous freshwater DOM reference sample. By
employing an amplified solid-phase extraction method using modified styrene-divinylbenzene polymer resin-packed columns, 8tons
of water from the central line project of South-to-North Water Diversion were processed, successfully yielding 13.12g of DOM,
named as NSBD-DOM. A comprehensive suite of analytical techniques—including elemental analysis, Fourier transform infrared
spectroscopy, excitation-emission matrix spectra, nuclear magnetic resonance spectroscopy, and high-resolution mass
spectrometry—was employed to systematically compare NSBD-DOM with Suwannee River Fulvic Acid (SRFA) from the
International Humic Substances Society. The NSBD-DOM was predominantly composed of fulvic acid like components, exhibiting
characteristic of carbohydrate anomeric carbon, alkenes/conjugated alkenes, and amino sugars. Compared to SRFA, NSBD-DOM
exhibited lower molecular weight, condensation degree, and oxygen content, accompanied by lower levels of polyphenols and
polycyclic aromatics. However, it showed a higher H/C ratio and higher nitrogen content, with elevated levels of unsaturated
aliphatic compounds and highly unsaturated compounds. NSBD-DOM exhibits typical endogenous characteristics, it can serve as a
unified reference for studies on DOM’s environmental behavior, carbon cycling, and related research fields.

Key words: dissolved organic matter; large-scale extraction; PPL resin; south-to-north water diversion
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Fig.1 Schematic diagram the process of the DOM extraction
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Table 1 Elemental composition of NSBD-DOM, SRFA, and
PLFA

b C (%) H(%) 0(%) N(%) S(%) H/C 0/C N/C

NSBD-DOM 52.86 6.09 37.23 234 021 138 0.53 0.04
SRFA 5330 398 4181 0.66 041 090 0.59 0.01
PLFA 52.47 539 3138 6.51 3.03 123 045 0.11

NSBD-DOM

2.2 SO HFFIL T e

221 BOeH N K2l EOR BN
BAJLFEXT EEM A5 5 1E47 73 XU, R KB JsK
SEIEERTE AN ENCE NS LM PN S D R
41 PO 2 i AR AL B B 2K 8 115 41 5) 3
55,3 T EAE PR K A (AR /N 7 T R R IR R R
P SRFA T S T EIORAL S K LR
AR IEIHIR DS 5 B SOCAL Il H S /KAR g it s
VRS SR il LR AT K, T e AL 20 i1 P gt i R R
A TR R =0T 25 2 TR S 243 PT R AL i
FEAITRAA K 3 At =P K AL T e TSR 4 1)
KRG IRAEDSE N e 15d BATTAE K E K
AP, b e R A i s N, SRS P T B
RIESARIHE DOM LA SE Py P5REAECL T SRFA
P A 1 Ak D) 0 30 P e DX BN R X AT B S
BT PRI THIR VO LA Rl B2 5

— FEm

450 500 300 350 400 450 500
Ex.(nm)

K2 m/KIbT K. NSBD-DOM & SRFA %¢)¢ EEM
Fig.2 EEM fluorescence spectra of the raw water, NSBD-DOM,and SRFA
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Fig.3 Infrared spectroscopy of NSBD-DOM and SRFA
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Fig.4 Two dimensional NMR spectra of NSBD-DOM and SRFA
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I RIIRARR PPL ASHEE R /MARL PPL AT ASHUREAS 5L
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Fig.5 Broadband negative—ion ESI FT-ICR mass spectra and mass scale—expanded segments at m/z 4110f NSBD-DOM-S,
NSBD-DOM, and SRFA
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Table2 FT-ICR MS intensity—weighted average (wa)
molecular parameters of the NSBD-DOM-S, NSBD—-
DOM, and SRFA

ZH NSBD-DOM-S NSBD-DOM  SRFA

M/zga 410.32 431.32 468.56

Cya 19.86 21.25 21.30

Hua 25.26 26.33 23.95

Owa 8.97 9.22 10.09

Nya 0.15 0.19 0.07
Swa 0.06 0.02 0.01

0/Cya 0.45 0.43 0.47

H/Cya 127 1.24 1.12

N/Cya 0.01 0.01 0.00

DBE,, 8.30 9.20 10.36
Alinod, wa 0.24 0.27 0.33

CHO (%) 83.85 84.25 93.45
CHOS (%) 5.67 1.67 0.57
CHON (%) 10.04 13.91 5.97
CHONS (%) 0.44 0.16 0.01
TR P)(%) 1.62 0.16 0.35
ARG W7 A 0 (%) 9.16 7.54 434
ARG A 1(%) 87.0 87.4 81.9
ZERNE) (%) 3.47 5.51 12.4
ZIRTRRAAEY (%) 0.48 1.18 2.49
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24 T K DOM A6 A WIS B RIAR 6 = 15 3 A 3k
A5 6).dlik H/C. %W L (O/C)FIFs F HE 4L
(Alnoa)’Fs DOM 73173 AL A ARG DG
A FEAMALEY). ZHENEDZ
WIFIERUEY 5 AWK 7).NSBD-DOM [f]
CHO &4 H/C JEHIh 0.40~1.90,0/C JElH A
0.05~0.80, &= 2 g = JE AN AL A 4, Fo vk ol 2 1 2K
A PRI ARG 7 154k & 90;CHON ZR4L 54 =
TR i BEAN LRI 51, Ho I 2 By b &), AN
FURG W7 A A 9 BT o Ll >, CHOS 2R &4 =
T3 AT A 5 B AN RNk A5 W0 R0 AN R g 1 ek £
W) DX 35 5 /N AR R A HORE & AH B NSBD-DOM . [1)
CHO Kb &4 F1 CHON 284k &4 00 A R B H v i
(1) —2 (0 CHOS 254k&4) H/C Fl O/C 4y Ai i lH
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Fig.6 Relative abundance of class species assigned from the negative—ion ESI FT-ICR MS of NSBD-DOM-S, NSBD-DOM, and SRFA
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Fig.7 Van Krevelen diagrams of CHO, CHON, and CHOS classes in NSBD-DOM-S, NSBD-DOM, and SRFA detected by
negative—ion ESI FT-ICR MS
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2.3.2 NSBD-DOM 4 SRFA (5 T4l R ¥
NSBD-DOM {14312 jil 55 L AR kI Wit SRFA
HEAT EL R &5 3 7k NSBD-DOM )43 1~ F 43 A1 1
/N T SRFA, Jt H & & 7 & NSBD-DOM
(>700Da) 1A F B KT SRFA.SRFA 1)1
T8N m/z 468.56,1 NSBD-DOM 4 m/z 431.32.
E m/z 411 AL )5 L BRI (B 6), 2R it 1) B i
34 A [C1oH24010-H] ,{H SRFA H1[CsH500;;-H] 1]
AR 2 B 55 1. 5 SRFA A HE NSBD-DOM ] Jit iz P
HR D PL[Cy H 00— H] A D AL & R A, 1% R
G4k W) 15 SO EE 2 (Double Bond Equivalents,
DBE) ¥ 5. th4h, SRFA [1)°F-35) DBE #l H/Cy, 73l 0
10.36 £1 1.12,iff NSBD-DOM 4 9.20 £ 1.24(% 2),
# B NSBD-DOM 4} ¥ [N4i G A AKX — i 5
JTLEMTH H/C g B3P aX TR 2N
NSBD-DOM HUA 5t 5 [ ™= ) 55K H/C 4y 15070,
Horp— e m S A AL A O A S,
NSBD-DOM 5 SRFA HAH X = B fge i 1450
CHO EMA4).5 SRFA AL NSBD-DOM 4y -
)& A BURAK.SRFA. [ 5 O L AT B A
5L, H SRFA H Oy AG W BN 32 B T
Og 2X,1fi#E NSBD-DOM | #] J<.15 SRFA #H
L ,NSBD-DOM & A A4 9 1 7 45 1y ,CHON
BALE WA B R IE 13.91%, 1 SRFA U
5.97%; H. NSBD-DOM H'[ N;O, 1 N,O, K5
SR EEH —ERK N3O, UG AHET SRFA,
NSBD-DOM [ H/C #mi(B 7),i%45 875 CHO.
CHON FI CHOS A& ¥A Fr kBl im O/C
i, 7E CHO RALAWF1 CHOS R4S Wb L3I K
3% NSBD-DOM [ ARG I e A6 5400 b Lhak 2]
7.54%, 1 SRFA U4 4.34%,1%—Z 5+ g SRFA
HAT LT 32 20 Bk I N AT DG e Ah, 3 AN T AN
A W) & (87.4%) 1 =1 T SRFA(81.9%), % 1]
NSBD-DOM 4545 ¢ i Hi A (4 e [ A 2 040,
7E CHOS 24k &) NSBD-DOM 5 S 7 i Ji
AN AR A ) FAS VL 0 T 7 A P DXk Y i
SRFA EZ0AifE s E BRI SR Z 2tk &
YIX I P NSBD-DOM [ % By Htb 54 8 5 T
SRFA.{E CHO AL 4544 NSBD-DOM [ £ 3 7% 42
B AP KT SRFAIX — R 52 R W /K
JEARTAT K D Ak 27 3 1 43 7 A8 PRI T K 2

AL R g B L DL g R e, o
Vs A5 WL SRFA AHEL,NSBD-DOM 5 HH B S 1)
WYRREAE, 7] DAAE S R AR K NP DOM [ i 7Y
.

3 %it

3.1 i KA PPL [ AHAEEE: D A 8t FE7KL
PP 2R K bk 4% 13.12g 40 DOM [ AR FE S,
A7 A CRFAE 2 2 X ) T~ THSSS il £ 1) SRFA.
3.2 EEM %% /8 NSBD-DOM T 52K 5
PR 4 4y, AH i 2D S8 )65 BE TR 4 43 NMR 45 | 2R
NSBD-DOM AL ik /KA & i B S 115 5
W MIILIIR RS T - A EHE 5. = R a5 1
575 NSBD-DOM 173 i 4G5 AR S =
BT SRFA L Z 2 IR0 e & o &
BRMHH BB H/IC PR B, ARSI ik
A WIR AN B4 B B

3.3 FE/KALIA LKA HJETE e, B NSBD-
DOM HAT W A P Jeg v, FL I g 4l 2
Z Mo rET k.
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