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Abstract: This study developed an inhouse solid-phase extraction device for the efficient enrichment
of dissolved organic matter(DOM) in large-volume water samples. The combination of this device and
ultra-high resolution characteristics of Fourier transform—ion cyclotron resonance mass spectrometry
were employed to rapidly batch extract and analyze the molecular composition differences of the
DOMs in groundwater near the Pearl River estuary. The inhouse device performed simple and fast
batch processing of the groundwater samples. The Bray—Curtis dissimilarity values calculated from
the raw data of samples in both the positive and negative ion modes were consistently below 13%, con-
firming the excellent repeatability of the method. The extraction recoveries showed no significant cor-
relation between the dissolved organic carbon concentrations in the original samples; further, no
marked superiority between the hydrophilic-lipophilic balance (HLB) and priority pollutant cartridges
was observed. Consolidating data acquired in both the positive- and negative-ion electrospray ioniza-
tion modes streamlined the analytical workflow while enabling a more comprehensive characterization
of the differences in the DOM molecular structural features. Moreover, the principal component anal-
ysis of the intensity-weighted average molecular parameters indicated that the HLB cartridges yielded

more significant discriminatory power for the 10 samples. Overall, this study provides technical and
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theoretical support for advancing the understanding of DOM molecular composition in groundwater
systems.
Key words: groundwater; dissolved organic matter; solid-phase extraction device; Fourier trans-

form—ion cyclotron resonance mass spectrometry
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A: self-developed device; B: glass device
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N, ASEFERD [ — AR G B R AFAE 22 5, PIFh SPE ZNEE RS m] i 2 1 AH 6 s 22 (RD) (RD=22
R A XHEL P IIMEX100) A7 1. 1%~15%; 10 MFEASH S4 RN ST AEA I A B R B Ak, FEPIFP SPE /M
A 16% 2245, TN FEZS I JEAE DOC W BE HIETE B 24 5, 4370 A (1. 92+0. 01) mg- L F1(34. 3+
0.1) mg-L"o AT S4 F1 ST ZEHU WS ZR B AR 75 B W M Ik B 35, ARG i R AR SE B AR AR
BEATIRIE, 455 0 R P AR A H 28 1R AR RE © 035 5 A i RE B 42 A 1 AR I o] S 8 AH R R 22 4E 1. 5%~
2. 1% BN, SRS BOF AR R B SRR B R A T REALE T H P A & B
BRI SRR ER N AR . AL WS, DS Gk &Y, Xeed sy
P LLgE HLB il PPLAEA RO o 28 BT, AFEAEAAE [ — 0} LR e, DL Rl—FEA
TEAFE AR, E W e B, R EREZE S, [N, JEFE DOC ik B 5 AL H i 26 2 1) 37 T A
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Table 1 Original dissolved organic carbon(DOC) concentration and solid-phase extraction(SPE) recovery results

Sample DOC/(mg-1.7") Loading volume/mL HLB recovery/% PPL recovery/% RD/%
SO 12.3+0.2 300 57.3+0.4 54.60.2 4.8
S1 3.62+0. 02 300 57.4+0.4 67.2+0. 6 15
S2 5.57+0. 09 300 62.1+0. 1 65.5+0. 4 5.2
S3 0. 50+0. 01 300 80. 1£3.0 76.9+1. 1 4.3
S4 34.30. 1 300/50" 16. 0+0. 3 16.2+0. 4 1.4
S5 2. 17+0. 02 300 56.2+0.2 53.9+0. 6 4.3
S6 5. 11+0. 06 300 63.7+0.2 71.6+1.3 11
S7 1.92+0. 01 300/50" 15.3+0.6 16. 1x0. 4 4.5
S8 11. 620. 1 300 68.0+0. 3 67.2+0. 1 1.1
39 1. 88+0. 03 300 78. 60. 6 76. 6+0. 3 2.5

* dilute 50 mL of the original sample with pure water to 300 mL before sample loading
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B REM R B o3 18 o3 A S D AR AR o BE S ot . BARTE , PPLATR D5 i e AR 25 Ak 5 B
AESREOREAREST, T HLBAEMTERR AL S RINEI R Z 3 B) RE USRI T S B3 s e, P
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Fig. 4  Principal component analysis results of intensity-weighted average molecular parameters

A: individual; B: aggregation
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Fig. 5 Intensity percentage distribution of molecular elements(A) and molecular classes(B) of DOM molecules
2.3.3 HLBHZEHDOMHK S FHFAE WIR R, HLBAW &GN E ERAE N BE M
P, EREERE R, HLBAES AW 7T RAEA L F/KFEAR R I B I I8 8 . it —4 T i HLB
FEX} 10 MEARAEUR CHO, CHON, CHOS 2 CHONS 25> 1255, ¥ HLBAEAE ESI+Al ESI-FL Tl
PRV S , FAS 3 TP HET G 43 25 Van Krevelen(VK) . (DBE-0. 50)/C vs NOSC K[ F
FREE(WE 6 FIE 7). & 6 MRl X5 T ANE TR H AR FL G200 5250 VK I, 45531 8K S7
FEARI B ZE X g CHO 2853 F4r A 4B, BRI O/C AR . H/CEACARAEE i, eIl ST FEA
CTHEZRMNER(0)ILEY, HXEAEYERREIRE; STHA Y CHOSHI CHONS 284k &
Wi 2 b B2 P AE AR AL S 2SR T2 (IR O/C /) X dak, HoAH whe 5 B8 R 1A b v T HeAt ke
7, BiHH STAEAR I RETETER 2 M2 RIS ERIZE Y s esh, AT BR S7 LAAMA HARREAS, S2
FEAS -t A AR 24 22 A 5 R o2 1) R T R P 12 ot

& CHO ¢ CHON @ CHOS CHONS
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6 HLBAEREHUFEAS Y EST+ A ESI-IL AR ) VK
Fig. 6 Van Krevelen diagrams of the summarized electrospray ionization (ESI)+ and ESI- data of samples extracted by the hydro-
philic—lipophilic balance (HLB) column
D Saturated compounds, ) amino sugars , 6} carbohydrates, @ unsaturated hydrocarbons, &) lingins, (© tannins, and @) condensed aro-

matic structures
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HE, BRERAR 3N O X 24Nk . #5 RH DBE-O T4, BRE 2L AMBRIFRE S P RAS, 1R A DBE-
0. 50 MFE A& (DBE-0. 50)/C FINOSC CApRE 3 F LR A i A B4 B S PR AR i S JE i+ A5 i Y
TRAEAREL, M TR AAAIERE RN S50 B IE(ERR , 43 3R Bk B 2L B AR AR B A A R el
e B, ARBESE IR DBE-0. 50 R PG R B AN FR B Fabn . B 7 B, ESIHELRER: I
BIE S AR B R R JE ) 5t (NOSC<0) i EST—AR X DU BE ARSI 21145 22 AH ) =F B 55 i i S8 Ak e
JE(NOSC>0) 5 PHRMEE T IR0 21 K ik 2R AR RE B i Ak 5% AT HARFEAS, S3FEAR
) EST-AR AR I 2 5 22 BB 28 AN AR B4 i R S o, tedh, FRE (B 7A) B8R, BR S3HEAS
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SRR W TN 2R B HAFAE .
3 & it

AR T —Fhid T RAEBURFE S DOM 2% s SR AR A BCREE . A T FH B o A AE B
JEHE, RHADT B W B AL B S SRNOM FRfE S (1) K B BRI i 1 T /KB, PPLAETE ESI+FH
ESI-50 PRI B0 1 . %3S B RE T O AEAS [ B Ta) o e AL B S EAE S, B N A
YER Z S R Z5 R 2 70 2 AT, BE—20 1, ARBF0K FT-1CR MS7E ESI+F1 ESI-HE T 45 i B
GIFHAT AT, A TR, JFREECh 2 LR AE DOM 2 F45RHER 25 . 5 PPLEE
FHEG, HLBAATAWR R R ML T KA B H R Z X RCR . B, E5280 R AR IEOL T,
] DI AEiE H HLB AR T /K FEAS AT RO AT . ARWEE RN IR T 7K DOM 8973141 s E S
T HAR SIS LF .
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