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Abstract: Dissolved organic matter (DOM) is composed of complex organic mixtures in diverse environments and plays
critical roles in governing the environmental fate and transport of pollutants and nutritious elements and the global carbon
cycle. Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) is the most advanced mass technique
for the molecular composition of organic matter, with great importance in elucidating the ecological and environmental
significance of DOM. This bibliometrics study based on Web of Science database was performed to visually analyze the
current status, hot spots, trends and typical applications of FT-ICR MS in environmental earth science research. The

results show that Mainland China has the largest number of publications in this field, followed by the United States.
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Environmental science is the most published among all disciplines with the most prolific journal, Environmental Science
& Technology. The most productive domestic and foreign authors are Prof. Shi Quan, Dr. He Cen and Prof. Thorsten
Dittmar in this field, respectively. The relevant research is mainly focused on air, groundwater, biological community,
drinking water disinfection and water treatment. In addition, typical applications are reviewed to facilitate our
understanding in the high-throughput and non-targeted qualitative analysis of DOM. For the first time, this bibliometrics
study reports the current research status and hot spots of FT-ICR MS in the molecular characterization of DOM from
diverse environments, highlighting its great potential in environmental earth science research.

Key words: ultrahigh -resolution mass spectrometry; bibliometrics; natural organic matter; non-targeted analysis; organic

compounds; environmental geology.
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Table 1 Search term category and search mode
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Fo KR CRRERE R Z W AND % #)

“ultra-high resolution mass spectrometer” OR “ultra-high-resolution mass spectrometer” OR “ultrahigh-resolution mass spectrometric”

. OR “ultrahigh resolution mass spectrometer” OR “ultrahigh-resolution mass spectrometry” OR “ultra-high resolution mass spectrome-
11 73 P

try” OR “ultra-high-resolution mass spectrometry” OR “UHRMS” OR “Fourier transform ion cyclotron resonance mass spectrometer”

I OR “FT-ICR MS” OR “FTICR-MS” OR “FT-ICR-MS” OR “FT-MS” OR “FTCR MS” OR “FTMS” OR “FTICR MS” OR
“FTICRMS” OR “FT-ICRMS” OR “FT ICR-MS”
“organic matter” OR “organic-matter” OR “OM” OR “natural organic matter” OR “NOM” OR “dissolved organic matter” OR
HHLE “DOM” OR “HUmic-LIke Substances*” OR “HULIS*” OR “water-soluble organic matter” OR “WSOM” OR “effluent organic mat-
ter” OR “EfOM” OR “humic acid*” OR “fulvic acid*” OR “humic” OR “humic substance*”
“water*”OR“freshwater*” OR “seawater*” OR “marine” OR “lake*” OR “river” OR “estuary*” OR “tap water*” OR “surface wa-
- ter*” OR “groundwater*” OR “underground water*” OR “subsoil water*” OR “subterranean water*” OR “drinking water*” OR
iz “waste water*” OR “wastewater*” OR “reclaimed water*” OR “landfill*” OR “landfill leachate*” OR “refuse percolate*” OR “perco-

late*” OR “Landfill waste leachate*” OR “soil*” OR “bog*” OR “marsh*” OR “moors*” OR “sludge*” OR “sewage sludge*” OR
“sediment*” OR “atmosphere” OR “gas*” OR “air” OR “meteorology” OR “aerosol*”
“molecular” OR “molecular characterization” OR “molecular-level characterization” OR “molecular composition” OR “molecular com-

4T

ponent*” OR “molecular weight component*” OR “molecular formula*” OR “molecular-level comparison” OR “molecule*”

T W R B B Web of Science Core Collection, #% H 1 : 1997-01-01 %] 2023-09-01.
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Fig. 1 Trend chart of publication volume in environmental geoscience based on FT-ICR MS
a. R R SCRHATR BRI 5 b A [l I 5 (ol 1) B B R SCHEAR B 7= H ]

FERIE A, & A B R (U X)) ¥4k F 5 i R B
Br MW oe m HOAR R # . (2) kBB B
(2010—2019 4F ) « It By B SCHk ™ 11 78 B ik R 8
Sy B TR, A 2010 4 1Y 14 G 8 m #2019 4F 1Y

BRI & R ) % O I R SC I TR RE
GUML I 5 A & SC R R B R Bl Y R SC R 3
oAl B 58 Cal b X)), 3B O AR Ok B/ 2R AR
K% R #E17 DOM By 1k 2% 41 ¢ #F 5% .

66 F , AFSF ¥ K R R 37.14%, EE A CE K
CEE M X)) o 55 [ R f8 [ . (3) 2B BE (2020 — &
A ) i By B R Y R A R H AT AR IR Y

KA, F 8 R CEFK b Rk 6, o E R
fili 2022 4F 75 3% 9 5% & S o 1384 L o b &k &k
SCHEMY 65.94 % 5 A R P R R (Chn Sg R AR R Lk

2.2 FERIZEF CHTIA0 W R S
A 5EAE WoS B0 B P LK & 1Y 837 i 0
SCSCHR W B WoS 118 2 22 FH ) (1] 2a TR ). H
o SR & R 210 3 WoS 28 K IR A BR B R
2 (4555 ,54.36% ) IR EE T 72 (218 %%, 26.04% ) Fl
ST (10555 ,12.54 %), = & a2 5 BAR R



11

B AR Sl LI S B [ G S i T A g A A LS 20 TSR AE 6 1 T

4159

5436% b
26.04%

a Environmental Sciences Elsevier 43.49%

22.22% I Front. Mar. Sci.

Amer Chemical Soc
[ ). Hazard. Mater.

Engineering Environmental

0, . "
WS RO .00 Springer Nature [15.85% .~ Geochim. Cosmochim. Acta
Chemistry Analytical Jll 10.75% Wiley §15.49% I Mar. Chem. 24.2%
Geosciences Multidisciplinary [l19.92% Frontiers Media Sa §5.37% - J. Geophys. Res. Biogeosci
I Anal. Chem.

Geochemistry Geophysics
Chemistry Multidisciplinary
Oceangraphy

Biochemical Research Methods

Meteorology Atmospheric Sciences

9.08%  Amer Geophysical Union 14.78% B Org. Geochem.
2.03% [ Water Res.
1.67%

1.55%
1.95% 17.1%

7.29% Copernicus Gesellschaft Mbh
5.26% Mdpi
4.21% Royal Soc Chemistry

4.21% Science Press

[ Sci. Total Environ.
[l Environ. Sci. Technol. 17 o)

K2 FET FT-ICR MS 15 PR b BR A} 27 4505 A 5 3C k1 L
Fig. 2 Based on the number of papers published by FT-ICR MS in the field of environmental geoscience
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PO S S 43 ) R 59 B RN 310, HeA E IE ST IR
R X i AE% Sl B 42 50 12 0 331 O 77 R 90) . AR T At AT
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Table 2 Basic information about the top 10 most cited papers
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o H—AEE ARG 1B SR A mAsE) AR
Koch and Ditt-  From mass to structure: an aromaticity index for high-resolution mass data of natural organic ~ Rapid Commun 401

mar(2006)

Hertkorn ez al.

Characterization of a major refractory component of marine dissolved organic matter

matter

Mass Spectrom

Geochim Cos-
601

(2006) mochim Acta
Stenson ez al.  Exact masses and chemical formulas of individual Suwannee river fulvic acids from ultrahigh
) o Anal Chem 473
(2003) resolution electrospray ionization
Stubbins ez a/.  Illuminated darkness: molecular signatures of Congo river dissolved organic matter and its pho-  Limnol Ocean- 73
(2010) tochemical alteration as revealed by ultrahigh precision mass spectrometry ogr
Kellerman ez al. . . . ) . ) N )
5 G014 Chemodiversity of dissolved organic matter in lakes driven by climate and hydrology Nat Commun 407
Kellerman et al. ) . . . . o
6 i Persistence of dissolved organic matter in lakes related to its molecular characteristics Nat Geosci 382
Sleighter and ~ The application of electrospray ionization coupled to ultrahigh resolution mass spectrometry
7 o ) J Mass Spectrom 356
Hatcher(2007) for the molecular characterization of natural organic matter
) Molecular characterization of dissolved organic matter (DOM) along a river to ocean transect
Sleighter and . . Lo .
8 of the lower Chesapeake bay by ultrahigh resolution electrospray ionization Fourier transform Mar Chem 321
Hatcher (2008) .
ion cyclotron resonance mass
Molecular-scale investigation with ESI-FT-ICR-MS on fractionation of dissolved organic mat-
9  Lveral(2016) . . . EST 297
ter induced by adsorption on iron
Hockaday ez al.  Direct molecular evidence for the degradation and mobility of black carbon in soils from ultra-
Org Geochem 276
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A HL BT W 5T 09 9 S0 SC 32 B S i g A B R OG B
i groundwater/underground water \FT-ICR MS,
DOM . NOM . molecular characterization., molecular
composition , lignin ,DON .microbial community F ra-
diocarbon 2% . FT-ICR MSTEH#F 7K DOM F4E )7 1f
A 39 5 BB 30, Hoh a4 1R = gl 5 1ie SO 1
T 2R IZE B 1IE SOR B T IR ORI B R UK
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e JRE T P g 200 0 R AR R % O T T B A R 22, B 5 1~ 10 X3 SC B AR Hh B K e B R 10 47 . 4 5 A R0 40 S SR BB A

THERER

K 2% McDonough ez al.(2022). X D55 45 & FT-
ICR MS H 5 1 ik 5 4F vk, e BE 2 Ak 3t F K
DOM LA AT ZE N, W] T 0 FRACFRE 320 T
— TUHT B 4 K DOM 43 ¥ # A WE & B AL . Long-
necker and Kujawinski(2011) %5 {ff H FT-ICR MS
H AR R T H T K DOM & 4 K& i) DON Al %
i A B o, & BRI 43 DOM 43 1 5 48 W) R 5
P 2R T sl — R A T AR DG L & b TR K o DON
(95 T 554k, Du ez al.(2021) LhERTT. = £ W1 1Y i 4
TAKHBEFE N G, R FT-ICR MS SR AE A [F] T 1
FN7K SCHL B Z5 14 F B9 DOM 43 F 45 4E , 38 H 9 1 7K
JE & K2 B i B R R R BT R KA R By K
745 B B TR) R AR A IR UK 38 HAE L A TR R i T
1 D il L0 AR A T 9 4 R 3 By A R A
X LT 7K b YR S w A B AR HIBLR X X0 T i 4 koK

B85 v A B A Y R PR A 23 A B L (Duer
al., 2023b). DOM Z 5 T i T 355 i £ A= ¥y b Bk
g i B 04, T 5 R B R Sk B R A bR
T 7K 2 R TR K b il R % 2 B0 05 7 45 0 L 2 1) 4
% DOM 43 F K A L0 % . i o 58 [m] i 2 S 5
Z i DOM M iE 7% i 72 5 b N 7K pH A1 B 2 0F
AHOC, I HAE R PE DOM i M 43+ 5 i 09 R 0 2%
YIAH O (Qiao et al., 2021). WF 58 F W P 58 i £ 7
Ji v A R K DOM &2 5 A2, JF H& A K
DON 3. 7% B DR 20 2% 45 5 32 W] b 1 oK o &2
It # W) Pseudomonas stutzeri. Microbacterium Hl
Sphingobium xenophagum T A= ¥ F B [8] # B A7 4%
it s 5t PR DA K R ORE 1 R R P B e A SR T i S A
BLAKR K DON & 4k Jy i 1 £ 19 A HL Ak 5 fiie 2k [
(Wang er al., 2023b). A, b~ 7K i F i 5 1 2
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%, . DOM 73 738 ¥ I # 3% K DOM 2 7 /)
b J5PE B 5% ( Milstead and Remucal , 2021 ) .

242 iFEAK FT-ICR MS7EH £ K DOM W 58
Y 354 F 9& S0 ST ARG 4 R R B 518 ORI 3 R £
R, 5 e A N G B 1R 4 4 lake (river estuary | sur-
face water, FT -ICR MS., DOM, NOM . molecular
characterization , molecular composition , drinking wa-
ter. EEM-PARAFAC . photodegradation . carbon cy-
cle, DBPs. drinking water LA Jz Three Gorges reser-
voir 4 . 1E 4 | B e 3O #le g | Bl A PR
CE A —1EE 8 Anne M. Kellerman. H #1485 —
T = B 5198 30 (408 Ik 8 5 FH i) (Kellerman ez al.,
2014). Z W55 A H FT-ICR MS $ AR 78 Fj #2120 4~
WA b ALY SE T 4 032408 L TE ST TOK P B E
T DOM Ak 2 Z2 R 1 2 oh G2k 0 4 A 3k o
A5 . AR, Kellerman ez al. (2015) ffi | FT-
ICR MS FIOE 3 2 WF 58 7 5k A Fii 4t 109 4> W17 19
DOM, #F 5¢ 4 B DOM 7 [ fiff 2ok 72 v 0 5e 25 B S Ak
M) 55 B e AL G 1 L Tk Ja R i s G AN 5 A AL S
DU DA I i A S 36 . 8 IR L S BOH TR R Y
JEA: DOM 3 22, I 520 5 8 F= AL 13 DOM i1 41
BB AT R . Liu ez al.(2020) LA & & F=ALBIH (K
W00 ) T R BUAE ) LS DU AR K DOM
N BETERS B, 45 G 6% 2 A FT-ICR MS £ AR X
DOM # i 47 RAE , & B AE DOM 1 4k 2 25 4 3
i 1) T i i Wk, AR A R R RIS, 3R B O IR 26 o0 4
I, AR BRI D BT AL DOM & A 2 1Y
&2 A& W, i R BUAE W) 435 2E 79 DOM LA Jit % Al
e a Y oy IR ER DOM & A 21
T ARG . WKL A ML (Particulate organic mat-
ter, POM) BB IR #h £ F B K E A B R ok
6 ¥ . Guo ez al.(2023) 45 & EEM-PARAFAC &5
FT-ICR MS A, 73 T 7K R GEHEFE T LRk A4
SR GH POM B A HLBE ry HLE] K R 726 B4
T RETFE I POM & A T W] i A 06 R g |, ] B A 7K
7 AR DR TS i 1 TE LR IR £k . AR AL B RN A
132 AT 18 2 Wi IC O 0 e RO e i 1 M 4R 7E POM
4 D' e o A v S R AR L B R i = AR R A
A DL R POM O I i 5 2250 K % TR
Py b 9 DOM J™ 5 52 Wi 25 B¢ A fili M 6] 765 3 B9 I
gy = WK A A AR 20 S LAY DOM | 73 1
FAE 25 3R 3% W Bl P8 A1 1 DOM 23 1 19 1 it 2 5L
(o 55 7 P 48 B A 1R R EE RN A7 LE ) AN SR |

Ui B R Ui 52T R R H IE 52 R 0 B X A HIL T AR
2 RIAT 3 Bk 4G A A 2 (Wang et al., 2023a) .

TR K F5 7K 0 v 9 4R A b B3 A v DOM RY
53 5 AR AR 2 7K Ah B A5 S 0F M R R P
M molecular characterization ,molecular composition
drinking water Fl DBPs & 2 A~ i 57 #4550 ¢ #1773
AER B HF IR I Z MOLIEEOR M ET-ICR MS $ R
A3 AT B T 48 75 5 /K 4k 33 72 v DOM Y % 4k
B, 3 4 QR A A AR A AT AR IS KR S A
Z WAL G W, 15 K DOM 5 &4 o F i Ml
P FBE 2 W EPEAR (Du eral. , 2023a). BT FT-
ICR MS £ A [ DOM #F 58 S e SC i HES 1 A2 [
& # Michael Gonsior (&l 3) 45 & FT-ICR MS fl#
i H % (Nuclear magnetic resonance, NMR) £ K %
fiE T AR K Ak BT w9 35 5 K AR o DOM A DBPs
AL ZHEME IZOE R S R R I R AL BT L K AK
DOM 1 & 41 25 800 4~ % i R KA R 70, 7F HoH
— 43 )8 TR L i 1 19 A K DBPs 43 (Gonsior et
al., 2014). Zhou et al.(2022) D4 v [E 45 B A% 1 3% b
DX 99 4~ T DOM S #IF 5 Xt G2, 45 24 e BRIt 4 3
7 A FEFE 0 R, 3R SR A AR W) R IR 1D % DOM
3 T ER B G N X R R I T Al i AR
TOWIA A IS R G BRAA BR . AR 3205 G 1 T 3 TR
Py b, DOM X 48R T AG A 3 K 7R 728 B A8 R
% HEAEN . Zhang et al. (2021) & B LAE I T
26 PN Ui DO DOM Y e B B & v L Ui L
Y DOM, I H R E LY 35 & 1 .0 F KR
AN B SCRAE Y T BRI 2 DY)
SR, R I b AR R ZE MR JZ DL Y DOM 1y LA
bR AE DU T B W22 S, RTORE R HY T b R K R AL BR
JK 4 iR ZUAR HAE L Ak, ) T 0~40 em X
6] N 1Y 0 AL DOM 73 - 21 HA7 B i 1 N 36 7 3l
ok U5 FF AE () i 3% IS R R R DBC Y 5Tk )
243 @#F E T FT-ICR MS AR K DOM
WFIE LA 224 55 9 SCIB 30, BB KA g A ER R OC
B 97 A seawater, FT -ICR MS., DOM . molecular
characterization , molecular composition . 8"C . degra-
dation, dissolved matter
(RDOM) ,sediment ,arctic . black carbon biodegrada-
tion ,chemical diversity 5% . ¥ 1 DOM B fb 2% £ # 4:
JC W T 40 T A AR A Y Ak 2% 2 B P . Noriega -
Ortega ez al.(2019) F] F§ FT-ICR MS £ R Fl i 4= 9y
A 2 HR XS A AN A BE AT T RAE K B

Refractory organic
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o3 A 20 2 5 B9 S R R T R T M I R A
i #Hl Bt (refractory dissolved organic matter,
RDOM) , 3 H & & Vi ik 2 V48 Bl Y i T IR
RDOM HME, #E— 2R S5 T BB 18 7F 00 16 7 40 78
Xf 4 15 183 1 DOM Ak 2 22 R 4 MR E 7 19 B 24
3T FT-ICR-MS $EAR X i DOM 73 [ i ¢
S (Zark et al., 2017) B IEUESE T B4 40 F
ARV Z2 SR JF B G T e et i P iy
F/NVECE: AN IS Bk IR 2R TR SE T 4
1Y Z2 A 9 S R 0 b 3 o ek AR R A
Vi Sk B JC ML L BE A R B 9 DOM R it 21 L Bt 7K
b VR L ER U Y SR UL Y DOM AR 27 21 R
F 58 45 2R 3 W TORR W ob 7 A 9 S 1 R 7 15 A &
Y5 At E DOM & UIAR G . ¥ SRR D) h i 4= )
i AL AR 2 35 i DOM /Y A B M, B R AR Fa
DOM 5 W1 ¢ S8 A6 %5 VI AR 5G| WY b S A AN A 2 7 45
SR REVE MRS E L 0T LTI BE S e 0 AR A AV T bk
FUER B9 28 (Hu ez al., 2023). th M 7E 42 BREF I ik
8 0 A A 72 A b S 45 R 9 A . Chen et al.
(2018) ALk A BL 43 1 5 713K DOM Y KAk 25
FW K b 3l A R R EE 19 DOC i iR 2 5t
Py J5t 5 i Ml e oK ) 5 B R SRR Oy T A (2R
5490 ~T74% %4 153 18 29/ T 350 Da) i 3
Seidel ez al.(2014)FIFH FT-ICR MSH A #8751 %)
WU H DOM R IR SN R 2R, 4 58 i 1 g i
LK v it Bk (Dissolved black carbon, DBC) ¥k
JE B vy, W () 2 v v TR DBC A B ZOR IR . A
T b i 2 e T 2% ) Y K PR B AR IR R Fe
Mn Al P 5 BHE DON DOC ¥ B 2 834, ifi 6 iR
EINCE U SU D AT RO S 3540k o e B/ R e DORUIEIK
DOM iF % i b i B 252 . Lu ez al. (2021) 45 &
FT-ICR MS £ AR B (38— AT i 1] A3 155336 % 5
PURHE T DOM 731 $EAT AL, A& 3 HAIT I ¥
I DOM Y45 14 HAT 35 22 57 . e rpoig 10 R ] v duk
9 DOM 53 ¥4 A % IR T 5 9 K 38, DOM i 5 4
A 22 W T S K A TR BB Y 185 0 S R B iR S
A= W B i RE 9% 0 35 [ I DOM 4y 7 1 2 4 1
244 X5 ETFTFT-ICRMSHAREKSKDOM
MW I8 LA 162 55 95 308 30, 5 L 31 i v A A 6
A J& FT-ICR MS . DOM .NOM .molecular charac-
terization, molecular composition, CDOM ., organic
aerosol ., BrC . PM,. . Biomass combustion, DBC % .
Liet al.(2019) i i FT-ICR MS 4 A A58 4043k

JETE A3 B 1 RATE 2 R 58 HE T 0 UKL DOML, &
AN [ 2 B3 % % (4 Bk (Brown carbon, BrC) 3
B 52 W 35 K e R b i AR b BrC i — I TE R
P, AT A 19 BrC 2 43 =5 B DG I s SR A8 T o
T FH 1 52 B0 3% R 1 B AR T RS 2 R AR
BH 76 A7 €0 % fif 1% 47 HL4 (Chromophoric dissolved
organic matter, CDOM) [ )tk 2% i) 72 v e 45 & %2
YEFH . 55 36 2 1F F CDOM % & A 41 i 28 1k 4 B o7
LU EE R R IR MBOR IR IR B G o
O Z fl s CDOM 8 16 i £ K 4k v (Tong et al.,
2022) . PRI R 3 0 R R A8E 1Y) 55 5 AT REE A 75 Qe )
o 5 A3 BB K A AR A 7R R N R RS L A R e
JE BrC A0 B — A F R R SR AT R I A
SR RO W T A R . Zhang et al.(2022a)
454 FT-ICR MS AR Fl 37 i A5 6 21 AP AR XS
VS I BrC 1) 43 F 45 48 RO 3 M R i A7 o0 A, R B
B G b i DX B A% G0 e kb BT T P A O 0 R D S
AP 7 A Y B S A B R C-C I C=0 5 &
BE T LA R a2 A B, e kb AR )
JoT vh U 5 A e 2 i AR D T B P . BrC £ %2 CHON
I CHONS W 2 43 ¥ 4 i s CHON F1 CHO 26 ) it
A AR 1) A OB s B, X BrC i R WA T ik
H 53.5% & 87.1% ; CHOS 25 ¥ it (1) ) W i g

i ik (Zhang ez al., 2022a). /K % M H P& K
( Water-soluble organic aerosol, WSOA ) Fl 3k /K &
P ML S B I (Water-insoluble organic aerosol ,
WIOA ) 76 o [ db J7 & 2= 40 kL 9 v i 1R K I
B, A8 AT %F e sk R A o AR AR A SR A R
Zhang et al. (2022b) F] H FT-ICR MS $ K & 1
Jt 5T 9% 97 WSOA , & Bl WSOA /i 4 & A #l
SR 59% , IF L 9 OA £ (At 69% ) 5
& WIOA R I B ALk, 2307 2 H
5 R R, B0 TR HE A 3 i 2 X WIOA
PR S L AL S Ak A RO RR e RN A ) R R Y
BRI N 2805 3 23 52 i DBC 7 K R 3 5
o e BE ORI BE 45 AR R . B, P 2R RS U I
X 33 4~ I I KE A B FT-ICR MS 43 #r 45 3 &
W] DBC F 2k [ 1k A #LBHK B2, DBC 1Y & 45 7%
A FMEAERRE, DBC 5 PM,, Ml PM,; Z
[B] o £7 75 B 3 () A 56 % (Zhang ez al., 2023) .
245 11 HETFT-ICR MSH R SOM #F 5%
£ 45 162 F 9 SCHF 5818 3C, ¥ ) soil \(FT-ICR MS,
DOM. NOM . SOM. SOC. molecular characteriza-
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tion, molecular composition, molecular transforma-
tion , chemodiversity | biochar ., bacterial community F1
burning 45 & A #  SCHETE . DOM J2 L3 h AR 14k
SV BT B R I BRI LAy 2 — TR ZN B A L b 4%
Tofr 25 Wy b BR A o e AR Oy 21 ORI B A
TR T BN AW KA ST FT-ICR MS Al
NMR £ A 14 38 47 50 ff 7% 22 2 60 om TR £ 1
DOM HY 73 5~¢ AIE BIF 5 25 28 32 AR ) D5 /N 23 54
JE AR W I AR I e AL R B AR W IR R Oy
HESE DOM 431 FF A1 M 12 iy T [ I R 5% 1k
FHE JC T A ) A7 78 T 3 v, T 28 B 48 R R A
(Roth ez al., 2019). kAt 38 i BF J M R Ml 28 1
fili 77 % 72 19 SOM J# I DOM 1) i i . Bahureksa ez
al. (2022) F H] FT-ICR MS X} A [5] B ok 5% B T
SOM 7 4= [ 7= W) AT A, K AT K 5 T3 30
+ 4 SOM 1 & DON il 7= ¥ 1) & 4, 42 ) DON
W3 BLAT = 05 B R A AR AL S AR AE L A A ) 1
BRBE SR T & A SOM Ml DOM 43 F & S X 4 & &
GUPR AT WK BUEAT B . LI DOM i
b R AR G E A 2R K, R R K R HE ) DB-
Ps B A 7 . 1T WIBIF 5 235 R 3R W A 27 it A 25 15 i 2
FIBT AR 28 A0 B 2 A5 W B = B2 9 T 4R e L
DOM #53T Z #4523 [k 3 DOM 9 5% 1
WP (Du et al., 2022). DOM & % # + ¥ A Pk
R 358 AT 3L 2K TR A B B O B2 B R UA DR
IR A U A 2 6 A
DOM 737 # - 2 , B AR Ho At DOM 73 1 89 4= &, WA
M7 2 728 4+ 3 DOM #Y 21 A, e 3E 2R Ak 1 3 b A7 Bl Ak
STES P EaNP0 P U N BN W 1 (T8 7= W S 5B A ]
(Niu et al., 2022). 4l % 35 ¥ 28 K o fe ik B s
7R Bk SRS RO R — R RIOCR R 0
P B O H R Hod DOM 78 2035 + 3 A8 g Fn i &
H A R A I EEAEN . Wu ez al.(2020) I FT-
ICR MS £ AR RIE T /K AP ik K IR 19 DOM 2 A
TR 5 A RS PR 2 43 0 A BRI R AL LI,
A 5T 2R IR R R B IR PR S K B W ok
U8 DOM 19 3 2Ly, Hoh B 2 98O0 W1 2 =98
JE . AE 8-MnO, fF7E T, K FA A= 9 ik Ok R 1Y
DOM il i 73 fiff 7 47 58 He 5 Ak, . 2% ol 28 K Ak
Yo R I8 DOM 1Y 25 48 . 3 Sy BT e 1 3L At 24 W e 1)
A ) MR Al 2 AR R e LB
B A TR B AL AR . R HE DOM & 4Bk i K 1)
Wil b 35 1 B PR L 0 MR R AR W A R SR A1

W% CH % Sheng er al.(2023) LA [E A [\ 4 B2 1Y
64 FZEHRMORY X RS R FT-ICR MS
B AR XS BRI HE DOM 47 RAE , & Bl = 26 B AR AR
13 DOM 5 F 2K o L e & 4R R4 B ARk 1
5 DOM H ig U7 (BLAKZE ) ik 7K A & 4 28 R AS 1 AN
BRI E R R R G WA A Rk
T3 DOM th v oy o9 fe e . 7 e 46 3 b X b A )
PERR U8 K5 B8 2 HOAS ) B il 5 A6 IR 26 B M IX
(/N R O/ 3 R W S o U A S D
CHO fl CHON L & %1 4 & . DOM AR % H: 4 T 4%
AIE 1) AN 5] 75 1) 9K 8 AR ) Hi K Ak 24 06 28 RN 4 1 )
fit . Wang er al.(2023¢) F| ] FT-ICR MS £ R X} 22
il A [l 4 B 4 32 59 DOM 47 R A, & B KAk R
PEEHET  DOM & A B 20 &L KL E Y
g i, UL B s A 2 s & 05k, B
B 1 DOM A W 3% M FER IR /) DOM % & 1

3 RS EY

AT FT-ICR MS $ AR 7E 3158 3t 3R Bl 27 901
B DOM EAE b /9 I H A BFFE X 42, B IRES & WoS
Bl e AN VOSviewer FF X A& K T 199741 H 1 H
£ 202349 A 1 H By 3CIe SCHkAT 1 SCHR T 552 0
Hr . AT 2B B %5 FT-ICR MS 76 3055 i B3R B} 2 40
BTz N RO B 22 B A 5T R b TS (R PR R A
B A AL o3 1 A 2 R AE L SR A B R W
SR b Z R Y S S0 SOk SR BB AR T
R R AE B 5 AR I 2 R S SO A i
Fofts [ 52 235, R SCRESE 2. i R 3R A 3 S8 SCHE
R 05 T LA BT RL 0 (54,36 %0) s TEIR R
W B J5 ifi LA Environmental Science & Technolo-
gy Science of the Total Environment Fl Water Re-
search ) T2 3 3 7E B SCH MR |, Elsevier Hi iR
W S S0 T 22 (43.49%) . 454 SCik B ok
A E S U AR BOR % [ PR S
AR A8 Ui A R B % b [ R Bl SR A AR S ] SR
AR AU A SR A G| i 22 5 [ 40 L) Thorsten
Dittmar % 35 £ 2 G Y & R %2 . S8
SCTEZ U A% D N A L FE FT-ICR MS £ A
DOM 71 - Y 45 14 R fE | ME B i 55 P AL AL 22 2 4
P A v R AR S e W 5T 5 2 R R O R R AR
e R K 2R K AR RO K TE
B K AL BEAE T A A SO S5 A UL B BESE
PR R OC BER] L 25 38 T FT-ICR MS £ #1 T K |
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Mo ek M KRR 8 AN T T Y R
KT FT-ICR MSTEHL 45 DOM 7 N 1Y A HL A
FR AW 0 AE R A3 A R 2 R FT-ICR MS
S35 U Y4 2%  DOM 45343 85 Fl NMR %5 £ ff
FOR BB A 762 A BEIR R T iy )iz 4 A
IR AATX DOM 43 F By IA TR i — 25 85 B A AT
DOM I 5 F 4L 3 F 4548 e Ak AL DL BT 2405
Yy i e AR AR S ) PR S A A 5 T N 4 T
T i BB AR R R DOM (4 8 A6 B0 A Fn 2k S 3R 5
RN . AR SCES A SCHRE R 2E TR T T B B
FT-ICR MS # R £ fE DOM (1) #F 57 # 45 A1 A 56
eI, A R TSR L T —E S R %
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