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Abstract : Emerging contaminants, characterized by diverse sources, complex environmental behaviors, and potential high
risks , have become a major focus in environmental science worldwide. Environmental fate modeling is a key approach for
understanding their behavior and ecological risks. Using publications from 2001 to 2025 in the Web of Science core
collection, this study applies CiteSpace and VOSviewer to conduct a systematic bibliometric and visualization analysis of
research on the environmental fate modeling of emerging contaminants. The analysis shows that: The development of the
field can be categorized into 3 distinct phases,including an initial stage,steady growth,and rapid expansion. China ranks
first in both the number of publications and international collaborations. The research topics primarily focus on
environmental fate modeling of emerging contaminants, the driving factors influencing their environmental behavior, source
identification and simulation approaches, the impacts of climate change, and risk assessment. Research on emerging
contaminants has progressively shifted from large-scale fate analysis to detailed investigations of underlying mechanisms and
region-specific risk assessment. This shift has resulted in a modeling framework that combines physical, chemical,
biological , statistical ,and integrated models. Future work needs to advance the integration of multi-scale , multi-media, and
multi-process models to improve predictive capacity in complex environmental systems and to support risk management

frameworks and policy development at the global level. Distinct from previous reviews that primarily emphasize contaminant
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occurrence and management, this study highlights environmental fate modeling, offering a systematic quantitative synthesis
of the field’s knowledge structure and evolution,and underscoring the methodological and applied contributions of modeling
research in emerging contaminant studies.

Key words : emerging contaminants , environmental fate ,modeling approaches , bibliometric analysis, trend evolution

BTG Y RAR HE R AT i, B R W Rt RBE R A A R SRR X A A PR A e
JRAFTERE IR, (H i A A Bl A 5 B b AN L 0 B AL E Y . E AN 2 M 5
PR BMERD AANGR SR FRaRE AEA VLG Y (i ek 2 SR A ) R
AR XYY ORIR) I AR AT R AR A B LR A CE W E R R Y AR
PR IR P R

TN X 3% A A %75 Y [ S ) el A e 2 50 W T 7 B3 R A ol A BRI AR 2, s LA 4 T AT 1 e e
BRI A" U TT AT AE 9 I ST T S A © B R B TS Y M I R e AR
FE WL BV A XU 1) T T L IR AR 2 R i, A0 2 A ST ik SR AR A R A R 2 A
YU AR R BN AR AR BILAR A 2T O B AT Y A v R AR TS AR £ T RS
Bt 2 B A B 3E R AR T L TS Y B IR L U B 5 B H 2R 200, (1 B R = &
SEVE BT ES U 94 AT A I T BAR AN K Ik 2% 148 T I3 I P AL,

SCHRT 25 T R A AR AR Ay T PR 1 - B, B DA 2 U022 T 88 s P 9 U8k ) 2 Jre Wk 4%, T
LURAME G L3R W 5 e B L E 5 R Go bk B RO 2 7L 5 268 0 ik 0 HGE F T2 Bk 58 S HL & T T 33 £ 43
R, REVIINIRIE T M 2E R ahAS & B e T A DR R AR A S5m0 BAT, & TBris e
P ERE U RA SR T I ATF 9 22 46 vh IS KT IR B AT o A SR M 2 . BRI S gE Pt 1 S kTS
YW RBIR ST 7 i, (HAE X B BT A AR — Sy T i R e By R R 2. JE Tk, AR SCLA Web of
Science 10> B 45 BRI BCHE SR IR, VB 2001—2025 4EAH STk, 5 B CiteSpace 5 VOSviewer 3K 1]
WAL T B G5 AU A E SRR SRS SCHRIL Bl 5 | R SRR 58 B2 05 32 , e K i fa) S8 B Y5 e 318
VSR RLADUBAF 5 SR 1) & R A, 48 78 12 ST Gt ey L iV A S TR 28 1, O S Y i e AR
PHORH 2 it 5%,

1 AR5k

1.1 kIR

ABIFEHEI Web of Science (WOS) #0175 82 K4 A D Bt R U, Ul £ SCHIR Ay 27 AR o k5 [l B ]
Hetk:. %£F CNKI( China National Knowledge Infrastructure ) Y853 i #H 5& SCHRZ = A FR , H. Scopus 5 WOS
T i 0 v B R, AR5 | AN LA BRI P 0 O B AN TR . R W R R TR U R (A S 4 T 1 P S, (EL A
TEJRI PR Ho— R BB AL 5270 70 P SO T 5 28GR ST, R REARCA DX R 5 1 ) 208 SCAEAE AR 3T
IR HEBR G s fE— E R 55 B 58 B i 28t BRI 55, S50 S0 AN I of 2 O A 44w 4] DI 2 i A R
WEATFFEAURFE WOS #2055 TF IR ATHT.

AHEFT R ok R X WOS B 1T k&R, KR 2 TS = ((“ emerging contaminant * ” OR
“antibiotic * 7 OR “Persistent Organic Pollutants” OR “Microplastics” OR “Pharmaceuticals and Personal Care
Products” OR “Per- and Polyfluoroalkyl Substances” OR “Endocrine-Disrupting Chemicals” ) AND ( “model * ”
OR “simulation”) ). K& FRE 5 iEFI A English, SCRRZEF A Article , B} [R]YE A 2001 4R 24 [A]A, A
A 65 B 52 0 3% e 555 15 G W B B U B A DU AH G Y SCRE LA S AR A AR SO IR I 1116 A 3L
SCHR.

1.2 S#7FE

W5 CiteSpace 6.3 R1 5 VOSviewer 1.6.20 A4 X AH I SCHRFEATRR B35 534 , 73 Bt 1] 7 Rl
BERE N 2001—2025 4F I [EYI A 1 4F. CiteSpace REAS I i3 A= il AT WL P 335 46 718 ok 2 SCHIR 19 2 Je8 ok 24%
T T 1B BRI ST U T AT R A R A S S B SR, AR SCRIHT CiteSpace i B S B i | A7 5C
SR S AT, 455 SRR S [ A A58 RS T R 24 73, VOSviewer TER4 BRI AT AL AL SCHR T 1)
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Je 3R S EZA P O R S T — [ AR R E BT SO RIS g SR . e g
PR L [ PR RHIE5 A 0 2 rh A B S RO X AL BE T, AR | SR T2 [ e A Bk R A vl
IHER. BFFEHLR A AR R 28 0 A A B TR O IT SN | da R SU N B S AR S R R 5. By ok
MMM TE SR R 26 AR RE , 9 s R, SRR iU ) S A i ™2 . U ) AT 5 T i 5
TRVER AT LA e SR TR SR A5 T ik AT U], 22 1A s SR ] i ) — i i 7 | SCRR 5 1 FH S, BRIV B Sk 3
BEHICR . HTF SR 190 46 (1 RS A3 55 DG HE R S8 A A B e s W o 4 v AL Bk 72 5 R e
.

2 giRk50hr

2.1 XEERBESHT

2000—2025 47, Hri5 Y MBI ST 018 S0 & FREE SR R RS KA (B 1), /T KRB R 3 A
B£:2000—2010 45 A PR W, & SCRE KR 2% (H B BRat 2 % 3 15 e 9 0 O3 2 8+l 2001 4738
E R e B AR LRI (“863 THKI™) Ja 2h T “ MBS 43l TR i i S # il R 1l B |, bRk 4 B N
SR ZE Y IR A ) 2 2009 4F PFOS (2 FEHEREIR ) B A A T B BF IR BE A 20 ), 315 YL 3R B )
REFF 16 32 B A BRIG B0 )2 T, 2011—2017 4F R Fa b Kk e ] X — Wy BB 175 G 1y ] 8 9 i4E A\ B3R
TS TIRRARREER A 10 2010 4F v [ T A SR B B2 HH 0 3528 i P AR ok (S A R AR B3
A B R 2L R A X IR N T AL A SRR RN AR 2 A BRI MR 2018—2025 4
PEA PR K] 18 S0k FBOR R IR AR 2022 AERT G IR B 0 X BTG e AR T o e EREREE IR
FEBUBURPIAR DG, 2017 AFRFR S ot e s R RS e R Ge i | R AR R & A T« SRHER G FLE 2 T
WA AR AR A W BRSNS 5 8 SRR, v L e [ 0 R R A I B SRR 1 e A
. 2018 4% SEEEIT (TP A Y RE) A8 Ik B A Tl H s AL A PRAS. 2020 A3 [ AR
BB PFOA (LR ) S AR FeFE il fh 2 i 44 5% ) |, TRVAR KA B il 22 4 Jmy v 42 Ak & 0 i A i
RATIE BRI 4.4 ng/kg. — 5 B2 157 5 10 87 309 () g A AR R 4 3 1 B 5 I R AT
JE. BRI TS G AT A Aok H 25 82 B A, Uk LT 5 [ P9 AR A BRIEOR 11 3 1 % )
iPS
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Fig. 1 Trend of annual scientific publications(2000-2025)

TS G 5 U R AEL A o 453k ) & SC e B B H S A0 X AR R A (R 1,36 1) . 2000—2025 4F,
DL 470 5500 & SO R AR AL, i R SCE Y 40.48%. Fod Aot ik 0.32, F2 B o [ A (U2 % 40,
AR A0 1 i B I BRA VR 45 10 AR 1. 95 [ LA 187 s iy & SCim: (5 B & SCHE M) 16.119% ) 0 JE 46
= HR A YRR 0.16, BRI ST R m J 5 EE BREMERE F1. BRI [ 28 4K R SR B A0 A R S g, 7
Y E%S SRR HP R E R A TR 0.29 ) 35 HAE 7K SC S AR R A 55 7
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A7 22 45 [ 52 B R SCREAI B0 (E A O PSR bR R ATT7E VR I 465 v i) o [ A 22, JE L
2EAEK IR 7 1 EA 2 AR Bl Delfi3D R & 5 vz i A L BCAy 32 4 A ] ] R A
S P BN 15 Qe I 5 7 ) B B LA . MR 3 IR U I R b ) Dy 2 5 R I 3 [l 4 3
4 1 PROTFERS SR

R1 EXEW 10 ZHEX

Table 1 Top 10 countries in terms of number of publications

He# H % Rk Aot BERSCE N He# P Rk Aot BERSCE S
1 o 470 0.32 40.48% 6 e eS| 50 0.24 4.31%
2 B 187 0.16 16.11% 7 PHPEZF 46 0.09 3.96%
3 i [ 84 0.29 7.24% 8 Fiig 40 0.04 3.45%
4 N 75 0.01 6.46% 9 fap 2% 40 0.08 3.45%
5 B [ 65 0.17 5.60% 10 =Pl 38 0.07 3.27%

22 HIERESH

P2 Jrs 1 i U S8 MR ) 1) 5 IO 285, =5 s B0 00 738 A 3 I RH T -5 A1 i 52 T ) 1) 2 % 1 58 ¥
5. JPBBER E , 2014—2018 AF I IR 1 5 3 BEAE P L RO LA, A0 S A9 B g% HL 5 R 5 ((Masaryk
University ) FI7E [ %) 555 455 B (Max Planck Institute for Meteorology ) , {7 Hi BRI ZE 3 0F 5 v A4 4
SHERL 2018 4E LU, E RIS TE S VE M 2% b i1 % 42 1 48 m. vh [E#}27 B¢ ( Chinese Acad Science ) At
FROMAI AL, 56 500 K2~ ( Beijing Normal University ) | # 71 K %% ( Zhejiang University ) . Jb 51 K2
(Peking University ) 4% N 5 AT 0 1 58 % G VR M 4%, 32 B b ] 2 1 12 U 0He A e A X 52 8 10 F 50 4
F. N, th E AR 5 2R B e RS RS T T2 G ER M i 1 b 1 32 T i e
5 PR
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Fig. 2 Research institution collaboration network
TENUR AR R AR T | 2D B8 B AEM 4, AT LIRS N AR O 22 8 RO SRR (1K1 3).
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M. P EAEE  Jianmin Ma( B R) (Gan Zhang (5K 1) Jun Li(Z2%5) S8 0E A VERFIAR , WH o8 R 2 4 v
F X35 YR E 5 3 AL ; Guangguo Ying (W YG[E ) | Yousheng Liu( XA B ) Qiangian Zhang (7K ) 55
BB BEREAR AT SR A TR TS QTR h a4 5 B AL, IR 45 & KU PPN 4 78 HO e 215
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Fig.3 Author collaboration network
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Fig.4 Keyword co-occurrence cluster analysis
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Degradation ( F#f# ) \Modeling (#5481) | Soil ( 1458 ) Fl Wastewater (JE7K ) 45, A I7 & T 45 63N A0S
15 Y ITE IR SEAH B IRAEIRAS | I BB AY AL A AT IR B AT L. 8 €0 SR X 0L T PR 45 P X0 8 75 44 )
AT R R WAL B 5. DG HE R A0 Adsorption: mechanism (WAL ) | pH (AR 6% ) | Salinity (2 ) |
Dissolved organic matter( AR PR & 58 T I8 AL A s Ge ¥y o A R T B TR E R . 2B 5
FARFNT P R VAR 5 PR EE A AR Ty k. %0 QB TR AL 4R POPs (FE AP HLTG Y4 ), Persistent
organic pollutants) | Transport ( i #% ) | Sources ( 2& ¥ ) . Multimedia fugacity model ( 2 4\ 5t 1% i A5 A4 ) il
Machine learning (HL#%2% > ) 55, 768715 LW I8 A Ay R A% B A2 00 B 5 vy, ASAN 0 B 22 40 Joit i B A5 8 45
W IR LILAS 2 ) AR R T B 2 BT, R ORERE T UL SIS T Ty
Wiy M, AL & Microplastics (18 #8 ¥} ) . Marine environment ( 18 7 25 5% ) | Climate change ( S22 1k) |
Hydrodynamics (7K 3 ) ) S5 X HETA]. X ek 7 7E BT 50N, BIFE 2 X 1 e BR B8 rp SR 8B ks G ) i )
R EA WA T W5 0 RIS [ S8 15 S ) (1 BRE XUR: 5 XUBS: BFAG e T, SRR iR) A PRASs (42 R 2 JRUe
FALEY)) Aquatic environment (KA FREE) | Fate (J3#%) (Risk assessment (AU 374 ) F1 Human health ( A
TRBERR ) 25 BT G W o 7K Az A 25 R 05 R A A B Dk 118 K S0 R 7 KUK, AT 2 4B AT 5 A9 A 0 G T
Z—.
2.4 ARBASH

TR AT OGS A BT T4 R — 2D SRS T MR TS G A 58 U B AR UL 5 40U Y B A (R 2) . AU SC R IR)
B KT, Fate (JH#4) [ Transport (i£#8 ) \Environment ( PR35 ) 5 38] H BUB R B8 150 ¥, 8 1T Hi5 29
TEIREEA T R T B R O M . (EAS T R ) 2 , Adsorption (W, HHoCy P 0.18) | Sorption (W A
A, P 0.16) Al Sediment (TUBA, HHAOE 0.15) A BRI 57, 50 EAT B S 19 4 rhooo k2 W
HAE ¥ AN [R) i 5%+ A 3l rp i B0 224 . [R) B, Persistent organic pollutants ( ARG IY) .
Pharmaceuticals ( 2] it ) .\ Antibiotics (HT4 2 ) . Microplastics ( FHBEA}) S5557 15 YL Py 2 BT Z B, S W H A 5%
PEE T T 5 ANZENE s % YA A9 B 15 4 9. OC 5 16 W Removal (25 BR ) . Degradation ( [ fi# ) 1
Accumulation ( S FH) B B, U0 AL T A5 28 R T G 4 i SR 7 v B QT

K2 BIMXER
Table 2 High frequency keywords

KGR K e KA K e
Fate 233 0.2 Antibiotics 95 0.07
Environment 180 0.28 Adsorption 93 0.18
Transport 164 0.26 Pollution 91 0.07
Persistent organic pollutants 144 0.26 Removal 89 0.02
Water 139 0.07 Degradation 75 0.08
Sorption 134 0.16 Sediments 70 0.15
Pharmaceuticals 123 0.1 Risk assessment 67 0.05
Wastewater 119 0.03 Accumulation 66 0.03
Aquatic Environment 103 0.05 Microplastics 60 0.02
Marine environment 98 0.05 Personal care products 54 0.01

25 MRBEUEERSH

SCHRFEA 5 | SR SIS A1 53 B 175 I b 220 0y LRI 175 A ) P 558 A B S 40U 90 TR il ) T Ak i . SR KK
A Q EL(0.733) R MLS L 35 , 45 TR BRH ( Silhouette ) ¥ T 0.7 (FEF 0.876~0.979) , BEIARFSE
FR G H RIS 22 5 . BE TR A R TS G PR U AT 1 A 9 S R s [ Y AR T 4
95 (K 5) . a2 FEHE N T | SO RGEAR B, 26 3 VA9N T R AIEE 2R, O $R e B AT A
PV R 5 | SCHR. X S SRR A 12 ST TR A, T i 2 SCHER AR rh g m AR S | sk TR R B Be
RS0 DG 8 i S AR AR

Cluster #5( Environmental chemical ) &1 405 e H B SR 28 ) 5T 5000 32 8 S0 158 15 e W TE IR 45 4

KFTF 1990 AEARK 2 2000 E0A), 41 Beyer 570 Fl Bennett 51777 43511 WA J3E 725 T 52 WA R IX Sl i 26 AR TF
AR L, BEE T TS e A R AL 0 B At BV AE S A i3k S SR 1) i 3R N ] R T AR 5 S
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FRAS R A AR AR AR 003, (H7E 2001 4F LIS & 3R B AR DCHIF S8 b it B3k 5 |, ] P S i S8 % i 1) Ak
fili. Cluster #4( Plant uptake ) 5 £ TH{5 Y W7EAE Y IR b AW BRI v O TS | W5 396 BR A 32 4R v A
2000 4EAH) 2 2010 4E T, S e i 27 SR X B TS Je W e A AR R i 78 SR R AR A8 XU 1Y G
FE. ARFRAFFTAN Forni 552 FI Boxall 55" 23 BRI TR XHBiA: R AWRISRE 1 DL R H4 24 78 + HER B v 1Y
EF5RFZ1T M. Cluster #3( Environment fate modeling ) FBIF5Y 3 78 A 3 15 Y W i 7 U 4 o 2 L 401 45 il
D AF5 I ) 5 i K, TG BRI S 2005—2015 4F | b i 4 12 UL A0 07 v Rk & e 19 DG BEE BT B 2l Lamon
251300 % 1 Ay i A #5580 BETR Global ( Berkeley-Trent Global Multimedia Fate Model ) X 22 5 3¢ 4 (14 4 Bk
R HEAT T 1 BRALL., A HAT S RO AE Ge i AMEA HLTS B, (BT SR HT ROASERL J5 2k 15 XSl & SR
TG AR S SR T BB 2% Cluster #2 ( Adsorption) AR F 5 V5 Y WA 3R 55 A o P g B AT
S HAEFHRLHRI RIS . 1% IR I JUt T A R 5 e , 9035 BR D) 2B vh e 2015 4R 2 05 . #%0 SCHR I Wang
SFUU Y Liu SR AR T W B R (O SO, S B HE AT 5 R A 25 SO 58 D A A DL 320 M7 i) o WL
FH T R SE OB AR & . Cluster #1 ( Atmospheric microplastics ) /& H A5 16 Bk HECGHT IR RS, BRET
TG P NGO RHE RSB TR S UTREAT Ry, ARFMERFSE A Allen 551 1 Brahney 557 #6341
TRCBRHE R B A i sk LA S T A R XU , s i3 36 5 75 Y T 50 18 1) 2290 T3 52 LY 52 2R PR 58 &%
GEGALTT 1) X -2 BRI S 4E 2D 2.

5 AT T T BTG YWy PRI U R AT 5y T A 1) AL ] e A ) S AR . R DA A
AN B A2 R WA B T B 5 7 . 2240 B AR AL 5 DGR & B e ) T T4 Ak
AT GBI R TR 5 ek ik | BE S w51 T 2 AL & 0 DU AR A5 HTTS Je W i) BRI U ot
G A G G TE R EE A B b B ATy B W BHRRTE RIS, W o R S8 R B A BT S 3t T 4%
B FHRTHSURS 2. X —id b BOREERIE R S HESh 7 AT TSR a5 A2 | mi RS 1) Jr v
SFREZRAAEAS [R5 Gy A A A R A5 31 5 3.
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#1 Atmospheric microplastics
#2 Adsorption
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#5 Environmental chemical

B 5 stukEEsIRERELZ
Fig. 5 Timeline of co-citation clusters
F3 XHHEWSIBRLER

Table 3 Summary table of co-citation clusters

G RS KA RAEEH RERN BRERE BLSCHR
1 Atmospheric microplastics THOBRHE R B a5 47 0.876 [33-34]
2 Adsorption S G BT R S LRI ST 32 0.878 [31-32]
3 Environment fate modeling BTG Y i B A SR R 5 22 0.944 [30,35]
4 Plant uptake HTs R e R h S SR T AR RS 5 20 0.950 [28-29]
5 Environmental chemical BTG Y E I T AL 2547 R 5 W R BT 5T 17 0.979 [26-27]

2.6 MREREESN
BT OGRS B M (1B 6) |, Bis e W) PR B3 I B AT 5 45 s 114 & e mT 43 Sy 3 A B S48 (2001 —
2010 4F) ZE B Y A 3R] DA Air ( KR)) . Persistent organic pollutants ( £ A P44 #1715 44 ¥ ) | Polychlorinated
biphenyls ( 225 KK ) Jy 32, BIFFE 7R T 30815 Qe /e A5 B i RS 4 B, IR 0 12 DA S WL RS 2
B FE. XI5 EBRAE 23X POPs 48 45 B JCTEARIE R, 61 40 2000 4 3M 23 6l 45 1k 24 7= 2wk 59,
2009 4 PFOS 40 A (TR BF R BE N 29) , HE3l 1 AR GBI SR 19 2408, #E A 2010 4REAX, 58 B G 5 1) #% 1)
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Endocrine disrupting chemicals( N3 T4 ) | Veterinary antibiotics (£ FHHT42 E ) Al Aquatic environment
(KAEIRED)  WEFER R e 225 N30 sh B UIAR SC R BT TS Y ), 5 A5 A K I h i A 5 10 7% N0
T3 e F A BOR A RS B 200, Ak 2010 AF TLAE#COC T AR 1k I 3 7™ St Al A= R R
R RS ) VL 2015 AEORTSYBIaAT st &) , dE— P48l 1 HuAE RAEH5 Y i pr o 56 2, 7R
THOR X R HE SR . T FAE SR 4 Antibiotic resistance genes ( B ZHiE L) . Perfluoroalkyl
substances (2L FbEFAL G W)) | Agricultural soils ( 4\l 1-3)  Deposition ( JTR# ) Al China ( H[E ) £ 21
S WFFEB TR 2 OAT P | XA S Az 28 AR A . X 5 2020 4F PFOA B8 A (5645
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