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Abstract: [ Objective ] The extensive use of halogenated flame retardants has raised serious ecological and health concerns. Soil

as the primary contamination sink for halogenated flame retardants has riased wide concern among many scholars. [ Method ] To
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understand the current state and emerging trends in the study of halogenated flame retardants in soil environments, a systematic
review was conducted using knowledge mapping tools, VOSviewer and CiteSpace, on 2259 research articles published between
2008 and 2023 from the Web of Science Core Collection database. [ Result ] The findings reveal the following: (1) The number of
publications on halogenated flame retardants in soil environments has steadily increased in the past sixteen years, with
Environmental Ecology as the dominant research discipline. Over the research period, China was the dominant country with the
largest number of research publications; (2) Key journals in the field include Science of the Total Environment, Chemosphere,
and Environmental Science & Technology, with core authors such as Li Jun, Zhang Gan, and Jiang Guibin forming a closely-knit
research network; (3) The content of halogenated flame retardants in the soil of China's economically developed regions,
especially the Pearl River Delta, Yangtze River Delta and Bohai Rim region, is significantly higher than that of other regions; (4)
Halogenated flame retardants in the environment have led to bioaccumulation and biomagnification, causing adverse effects on
organisms; (5) Halogenated flame retardants have been widely detected in human bodies, with dietary intake and dust exposure
being the primary routes of human exposure; (6) The migration behavior of emerging brominated and chlorinated flame retardants
in the environment and the health risk assessment are current hotspots trends in the current research. [ Conclusion ] This study
conducted a comprehensive bibliometric analysis of research on halogenated flame retardants in soil environments. The
environmental behavior and ecological health risks of halogenated flame retardants in soil have been receiving increasing
attention, particularly in economically developed regions with severe pollution. Future research should focus on the
transformation mechanisms and ecological effects of halogenated flame retardants in complex environmental matrices, especially
the long-term effects of some emerging halogenated flame retardants, and provide a scientific basis for more effective
management policies.

Key words: Halogenated flame retardant; Soil environment; Knowledge graph analysis; Human health risk
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FEZF TR B ER R . AR
PR K S R R (s g0 o R HEA HLIR A
PN B . EAVFESTFRIESE, AR SR
1o 1) - 49 S AR T 22 AR W BREAS7 A, DT R B B 22
FRBEIAF I B AR IR A P e AR BELAA SR 7 1 4 v
) W B 7 2 M AR e b AR e Ah, iAREH
SR B AL P B AN KM (Kow ) A HAE + 38 b i
MAT AR 43 % . CFRs 1 TDCPP i T H:
B BB K (Kow=3.80) , B 5 ol + 3 it [ 5
M TCEP (Kow=2.21) WA BB 5 I + 1T F% 2 Hh
Tk, XtF PBDE R AWM S, & KM
BDE-209 Wysi /K Hfie i (Kow=9.97) , HA K7
JE (4.17x10° mg'L™") , HmE T8 2%
MR AE 55 40U RIS VAR AH 5 A 18 S8 B shpL R 21

- 398 i i AL 3R 2 3 2ot 43 B R A A e
A F b F KR Rk, K ARER B AR )
BT R Y AR X O = A X R )R
TR UTRRY BRI 43 AR A & 8, OPFRs (73
el (37.60 ng-g ') ik T PBDEs( 18.33 ng-g '),
X R LKA P IERBEE S CFRs W RERA
TR KU o B 7K 747 32 B 2 52 Wil e A LR 51
TEAREFIERL A EE RN R, G055 % M PBDEs
FEAR PRAEAS p g v B 5 R S AEAH DG, T DP fE
IKARREA 1 e B 5 e T e 2 A DG, v i
SHRER M DP /K H A9 2 B AUK A0, Ak,
X A A R A B A ZR M BFRs 41 TBBPA 1)
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WP R, HAE R EE LA K5 U8 v i e B fe A, 3L
USEDUR I 1, i PRBE I A mp 4 e B e e 7).
A TR PR A2 2, T i AR BELASA A9 e T B R [T 1
IR Z [R5 8%, DR AT AT 2 S 45 v i AR BELIA 591
YRS EMER . BRTTF, BBE
FRBELR 1 T R B by FL A P 05 B 2 ks YL lR i
— AR A A R R RS . P, TR R
B AR BELIA TR (9 PR 5547 2y 55 L30T T D e E 7 2 XU
55+ A
2.3.4  KACBHAARI M AARARR XS xR EE
KEEIAA . human exposure ( ARZERFE, 246 1K) .
flame retardants ( BHEAF, 159 ¥ ) . risk ( XU,
141 %) | sewage sludge (157/K157€, 135K ) . dust
(K2R, 132K ) | toxicity ( Bk, 86 k) %%, HHY,
I A BEIA R 2 ARREA AR I . k& . BEZFL.
DRV RN At N A4 T BT v 387 3k 6 1 o (ELAS I R R
ARG B b AR BE A A b B = K05 ik b X
N ML AR ZL P AR R e, LR — A ek
= B DX R LR AR v A BELR R Y B i TR
EE X R TE TS Y XA TR Y e AR B
UL & TARGRX AT, Fln, #iTiRstm
TR i X B A I 3 o NBFRs( 4.2~128 ng-g '
Iw) By &I R TR R (nd~332ngg ! Iw) B3,
BFRs | IZAE1E TR AR T, & D AE RS AR Y
B ACBEIA TR & A PSR, an) ™ 2R b X AR R Y
> 1sPBDE & & H 86~1270 ng'g ', MAE AR & &
 87~620 ng-g 'BH, H AL AR LAY IiLTE g & L
(YPBDEs: 1.5~12 ng'g' Iw), HERIEKTRE4A
MEMNE & (Y PBDEs: 1.6~17ngg ' lw ), LAk,
2P IR e A BELR 790 g 5 AR T 5 v 1Y
B, I ERFEA T PBDESs & AR E N
IR P 7 T 1 SCHR AU o, AR BDE-47
BDE-153, BDE-209 #J ¢ f W i = T HAlh BFRsP),
X 1 A% BELJR 390 7 A A fde e IS 1At 4 v 7
TR L B R A AL+ HE Uk 45 R R IR AR
Hop, EEEARR A AR K L5 BFRs B 3%
R, Wi SOk R, AR KB
5 A BFRs 48 9.9~98 ng, 25 FIEE = i A K
FLit A A ST A X T (HEARTT S, TR
Ho XA E R Z R 25, IRE it BFRs
JIT S R B AR BRE UG T RE A PR . (EAR IR R A2,
ANFEKZ) 0% MBI RIERE NI ERLR, 5%

N 25 SR R Al AR L, B8 AR A 2 LB A =
IR i BFRs 19 2384, FeulE 24 LW
el & TR RN ILE, 2RI RN ER
AN B MG AR AL, BEEHEA
)& TCEP, TCPP % CFRs fx £ E AR Tk 10,
peE| e R R e N i T NV NS SN
i13% Mk CFRs Ayt EE R, R — R REN
TEOLT, A B 3R SE I 37 - 458 vp g AR BELRA 0T
N BBV KBS TE AL T 107 ~107%, X & A 4EF14)
JLA B RS KT 107, 3 F W 439 o o 8 SHAR 57
BN A o R R £ N BN = S50 0 i A o S )
JLAY S0 KU R A 221 0 B 2 bR i 2 B Rk
AW B, HRIBHAAF A NBFRs Fil CFRs [ XU 7T
il TAEA 2R AR R A IR OGIE R o PR R
P ] AR LR TR A A it R RS ) PP A (AR G, E
AN () ) 2 i a4 A8 DA B — 537 1 o A BEL R R0 1) 7
TE XU 1 e 12E— 25 PPAl

FIH CiteSpace G TRIZE B ( Strength ) 43#r
- g BRI v g A BELASRSRI A 5 %) S ) e B, VRARRH
J%5%] ( Brominated flame retardants) . PUJRXLE} A
( Tetrabromobisphenol A ) . FEARBH#5 ( Chlorinated
flame retardants ) . A HLBEFREE ( Organophosphate
esters ) SFCHTAMRI NI (3R 2) , XRUIME A AT
[ B HERS . el A BER 00 B4 BIF 5% X 52 3% i AG G 1)
BFRs %% ZHi %) CFRs, ##5lJ& CI-OPFRs, #x'f-
WM FERETIRY (Sediment ) F5E <At
REBR 7 0 AH OG5, B S B8 G iETS I8 ( Sewage
sludge ). 14 (Soil) . =< (Air) . K2 (Dust)
VLR %K ( Waste water ) FF 345 o HEASE 12,
KT HAE TIERG BN 2014 SETF IR R4,
IR R (13.73) (£ 2) o Af]
X i ARBHA T A S IR A, 38 8 IR 53
AL V5 YL RRAE S I 5 5 7% 2 A S AR AR N Y o0 A
FTE B YaE L3, I JUAR S = pa A CRH R A X
AR 18 5 P At XU TPAl o

3 48 i

FI 2008 4F LAk , -SRI v i ARBEL A ) G5 A
IR Z MR IR, R R R SR
ZMER, HAEREP ST IwRIR L, BHTHE
J1 R R 332 3 7 0 A 2 E AT o pa ARBH
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Table 2 Information of keyword with the citation bursts

AT RUREE  HFIRET I g | P ] X i)

Key words Strength Begin End 2008— 2023
YUY Sediment 11.88 2008 2013
I3 Dioxins 11.14 2008 2014
4 Fish 8.02 2008 2013
F[EH USA 5.55 2008 2015
" E R J7 South China 13.73 2009 2018
K Biphenyls 6.85 2009 2015
TRARFH A Brominated flame retardants 6.6 2009 2010
#% Breast milk 433 2009 2015
NTRFF+ — % Hexabromocyclododecane 3.96 2009 2015
V57K {50 Sewage sludge 4.11 2010 2013
EW)HE Food web 3.61 2010 2016
14 Soil 13.93 2014 2024
23R, Air 7.48 2014 2015
HL 17 % Electronic waste 7.87 2014 2018
JKZE Dust 72 2015 2019
A HLFEAZS Organochlorine pesticides 3.53 2015 2017
I SEFY) R Perfluoroalkyl substances 6.29 2017 2020
JE 7K Wastewater 6.03 2017 2022
PO AL A Tetrabromobisphenol A 8.06 2017 2024
fdtHE KU Health risk 4.99 2017 2020
AB7K — H R [E Phthalate esters 5.69 2018 2019
SRBHAAF) Chlorinated flame retardants 7.12 2019 2024
1k Toxicity 8.63 2020 2024
n] ¥17 Plasticizers 5.29 2020 2024
5 HL#ERE Organophosphate esters 5.74 2022 2024
# 1 1 i Loess Plateau 4.87 2022 2024

TE: it ZETNUETESS ; mm: 2SR s JE PR JE IR, . Note: mm: Weak emergent intensity; mm: Medium emergent intensity;

=: Strong emergent intensity.

IRRAE e TP RS Y A DL SO R AR SR LITE S50 s ARRHAGR il A LIS R =AY, IRl d 2

WFFEH L, R SE T BFRs 1Y A 55 AL AH G B
g8, T LA e o p AR BELAR Rk A AR 8 3 1 R A
XU . TR 2% & A IX AnER =40 . K =M AIE
Y Ui 1 IX A 198 v A LA R0 11 5 i P S o 1 H At
X, RSl REAEE TR A X, H AL
393 - SRR 4 v RS T S A 5 ¥k B2 1 BFRs il CFRs

Bl AL 3 A B R 5 IR R B AT R A g 2
AR AU o i AR BELAR TR 7 PR N B 5 0l A
h, 20 AR R ERRERYT, JUHXE D
AR LA U U AN AT %32 o B BOR B2 2
ey, AR mAMERCE, FHEAR
F1% 2 e 1A A8 LA % — 26557 Y pq AR BHAA R 4 NBFRs A1
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