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OE: IR ISR AR (FBs) BIIRAE . DX AT LR SAAIE , Sy 1 23 7 A B i SR 4
B 5 [ AH AE B 45 B i S0 (60 - = PUARAT BB R (HPLC-MS/MS) S ) o3 ¥ 7 ik, FEM % 7 1%
Xep [ 18 AN BT Ol 3 ) 19 B EUBR FBs #6477 AR 4007, SRR, FBs7EfOlL T 1Erp
Wy izaE e, AP KRILI8 T FBs, (U8 6 Bl T FBs Al 12 FPAES F I FBs, S 27. 5~391 ng/g,
HHAVEHR B A 160 ngfg, HiH 1450 FBs BOAE H 2R (DF) i3 F 50%, WEMEZERSIT N E/R, 28B40 A6_E 2R
X gl -3 3R B -2 FBs AV B2 T i bIX (p<0. 05) o ZRFB. A a0 = K Xl + 38 v FBs
SIRBAHPI DA, Hp PR rBs AT 507, 5 FBs SR ER 98% LI Lo Spearman 1 14E 447
KB, 2 24 FBs 8] fEAE S B R IEAH G (r=0. 36~0. 76, p<0.05), FHXEALEWTELON 338
vl RE R FE R 875 YR I S R BRI

SR Rl 3, Wi, SRR 15 YYRHIE; HPLC-MS/MS
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Screening, ldentification, and Pollution Characteristics of
Fluorescent Brighteners in Agricultural Soils

YANG Jia-wen', YAN Yu—bingl, DENG Qingl, HUANG Xiao—yingl, DU Bi-bai!, ZENG Li-xi"*
(1. Institute of Environmental and Climate Research, Jinan University, Guangzhou 511443, China; 2. School

of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China)

Abstract: Fluorescent brighteners (FBs) , as industrial chemicals widely used in fields such as de-
tergents, textiles, paper and plastics, have been identified as emerging contaminants that are fre-
quently detected in various environmental matrices in recent years. However, the pollution status of
FBs in agricultural soils in China remains unclear. To investigate the occurrence, regional distribu-
tion and composition characteristics of FBs in agricultural soils, a targeted analytical method based
on ultrasonic-assisted solvent extraction and solid-phase extraction purification combined with high-
performance liquid chromatography—-triple quadrupole mass spectrometry (HPLC—-MS/MS) was devel-
oped. This method was applied to screen, identify and quantitatively analyze 19 target FBs in agricul-
tural soil samples collected from 18 provinces/municipalities across China. The results revealed wide-
spread detection of FBs in agricultural soils. A total of 18 FBs in two major categories were identified ,
including 6 ionic FBs and 12 nonionic FBs. The total concentration ranged from 27. 5 to 391 ng/g,
with a median concentration of 160 ng/g. Among them, the detection frequency (DF) of 14 com-
pounds was higher than 50%. A significant difference was observed in the spatial distribution of non-
ionic FBs, with concentrations being significantly higher in eastern China than in central China (p<
0.05). The compositional profiles of FBs were generally consistent across the eastern, central, and
western regions, with ionic FBs being dominant, accounting for over 98% of the total FB concentra-
tion. Spearman correlation analysis indicated significant positive correlations (r=0. 36-0. 76, p<
0. 05) among most FBs within the same category, suggesting that these compounds may have a com-
mon pollution source or similar environmental fates in agricultural soils.

Key words: agricultural soils; emerging contaminants; fluorescent brighteners; pollution charac-
teristics; HPLC-MS/MS
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PENEHE AR (FBs) A —Fhoe e gekl, nIWRCAS T DLERAMEH: % S0l DL 5 @28, i35 Tl
PR ERN A ER D RCR, RSz B . MR KR, FBs ] 40 h 3R TR FBs FIE
FRIFBs, M FBs A 20~30F, 1EhYekl Tl — S EEAMATMF, T2 FHi200 . 48]
dh . PREGR . SR VRl ARl SRR SR E S, AN FBs g AR BN R . ROKS .
FIE SRR T FBs 7E 4 Tl Ak i E R TRk, H e AR B FE 8k 15 il 1 7efkE ,
FBs BRI E B 2E s rs . W A2 W 28k, JFBN T 22 IRIbRER R . 76Tl sS4,
A6 TAT I bRiE (T HG/T 3726-20237) X% Hdk A7 T Bt 4l s eI S e 7T, s i) v 1 b
GB 15979-2024"") BRI E & 4% A S AR I W AE RS FBs s MZERORIZ 0, WEAT 7 — &Y
Ko 7 v R bR, g5 (FZ/T 01137-2016"") . 45415 (GB/T 27741-2018"") KAk J 5 (GB/T
40900-2021" ) SEHHEF= 5, ARSI E IR T KGR . BT FBs )12 FAVE Tk = S i,
HARF SR dr I P IR SR RIS . K28 FBs S BURILH R 2 S I A i b 2p 3k
B, ZFh FBs O S5 1 IREE (-3 8 (USEPA) 514 & 77 Bk 2% 5 (HPVC) s AME L B AR RIS
(PBT)fb2EM ", MR RM, 4, 4'- &I TIRLM-2, 2 - HWER (DAST) . 4, 4'-X[ (4-FEfiFL-6-15
WREE-1, 3, S5-=WE-2-50) &L | ORAM-2, 2/ - TR AR (CXT) R4, 47 [ 2-[ W(2- LI &S |-4-
HRWEHE- Y = We-6- 23 | IR -2, 2/ -l AN (FB 28) 3 Fh FBs X B mHBEAT & AE K | B
AL A2 BEALAE A I Y 4, 473 (2-REREHE 2 M) BEFEANER (CBS) M AL iE A B A
(HSA) HA 3R S8 F J7, vl HSA () RS AR S & AR ke A8 . HEl, FBs BAEENAKAR™ | 15
AR 1B ] N 7 S T T ol s y I 3 o Sou 2 I 17287 Rl D7 | 7 NC N = ST 50 w3 s Y o3
FBREE 43 A1 5 T AE A A R R XU o

TS IIG Yy AR . BEARRIARIRRE S, RS A YIS Y E N L Y Hop, R
SFRDORE . FRAEKEEE . 15 YRR F LUK Tl 5 A T HEOR Al 435 v A HLTS el il = B A NIRRT N 38
7 — IR E T TS YR R FBs BOEAR R L, FBs M AR B YK PR R, HOR e e g
T &L EROHGE IS RA G Y 5 00, R T HAE A — PR TT 2005 YLkt + R EREE 1 i
FEAZSINEE . A, BHLE SRl A3 i iEE SR, mhld R - AR AR
PEARIEN W BE, KPS BRI . e, TEIT FBs ZEAR ML - 38 A R AE A A B R B A7
1, BT A FBs PR AR SIS 20 A ft SR IXUBS: 312 (R0 S 1 .

RUEE FBs IIRE 0 A S H S TE XS 2 5 e )iz 56, (R 3R Ol + 38 b FBs 19 RS 554
MBEZ, HAEAO - EERE 75 YLRASWARNTE AE | IR T 0 5 HSRM AR . ShIEANX —2S A, AR
7T LA ] 18 A48/ B s T RS folk 3N IR GE AT 5, R i 0 a0 — = S DUARAT 3% (HPLC-MS/
MS) LA Fll - 438 v 19 F H br FBs B4 707 20 IR R 08T, 4890 HT5 YURpAE B A [ b P4 DX 3
FERGL, b FBs )2 BT FH AT Y XU B s SR (e P A i

1 SKEES

1.1 KN, RS

1,11 RIS SRR 5 - = DUARAFT i 6 4 (ExionLC AC=Triple Quad 5500, AB Sciex 2%
")) HABRETHRILLGI-18, WEILEMIEAEMPH R AT s 52 —BF o K (AUY220,
HA B HA T ) s #aiKA (Milli-Q Integra, & Millipor A 7)) 5 iRIEIR 2% (MX-S, £ Scilogex 23
w)) s B R T PR (KQ-500DB,  Hr | B Ll AR A PR 2 ) ) 5 5 38 250 AL (Centrifuge 5804R,
5= Eppendorf 22 #]) 5 ZIMIKR4EIX (MODEL 5085, 3£ Organomation 2y H]) .

1.1.2 wawingEm  HsESYbriEsn 45 13 FhARE T2 FBs fl 6 Fl e 7R FBs. b aRbRifi ik sy
lARE] Tokyo Chemical Industry(Tokyo s Japan) . By EN FBs S BT, i RkT98%., HiRfbS
P aR. 45 | ALERRZ AL 1. RHZRIFEEM:-D, (BTH-D ) /E 3R FHY FBs YA bR, 226
a5 71-D,,(CXT-D, ) VE M E TR FBs B bR, 34 H Toronto Research Chemical (Toronto, Canada) .
1.1.3 HMf# 548 HEE(MeOH) . N5 (ACN)RI G HLE (DCM) 4 A kel , 113 3£ Fisher
8] o Oasis—HLB [FEAHALEL/ME (60 mg/3 m) W H ZEE Waters 23 1 o




718 SR AR (http://www.fxesxb.com) o453

1.2 HmEE

SRAEPE 18 A1) 30 M Al H3TFE S, A 7 S I M0 B RN b ASEA ) b DXl - 358 1) )l 23 R
P, FETIRE-NFEEREEARE, ISR AR . BRI =R, RS ME W 1, fEEN)Z
L, B A LR R i 2 b AR, RIEEAN S SR St b ) — 30T P 224 38 B X IalCR A2 1
PN RIRAT, SETER 300 A XKISAREEMIR A, TEROIIRE L, R (HIENRE
WS ARBTE) (HI/T 166-2004) > AR ELR , SRAMEE SoRERZ HIRFES, SREERE 4 0~20 em
HHEZ . TERAEXIR AN (200 mx200 m) ¥ 5 A RAE s HRERE T, TR RGeS . FEMRES
SERIFE NG 0 R A B, IR B B = . HERENA T EEE Y SPIRE,
100 Hifi, T-20 CLRAF
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Fig. 1  Distribution of sampling points of agricultural soils in China

1.3 HmAT&bIE

1.3.1 FEFEFBsHIBEMATAIE  FREL200 mg HIERESE T 10 mL B EOE H, MIN 10 ng bR
RBRS(BTH-D,), 7EZIR TP 30 min. A5 A 3 mL DCM/ACN(ERIEL 3« DIRBEI, WiER
7% 15 min, A 20 min FAFEEEC, FELL3 800 r/min #5006 min J5, W FiEW . B8 EASEELIX,
H 2 RGN ETEWAIE, 782 Limin BRI PRBFERIRAEE 0. 5 mL, £20. 22 pm IEREE UESG , £
T -18 CR T .

1.3.2 BEBTFEFBsHHFRATAE FREL200 mg HIEFESE T 10 mLBEFEELOE Y, I 10 ng HFRE
B (CXT-D,,), EZEIR TP 30 mine, AN 3 mL ACN/H,O(KFILL 3 : 2)IRAHR, WHER%
15 min, MBEALFE 20 min FITEREC, FLL3 800 r/min &0 6 min )5, Wi i . EE R PIE1IR,
H 2 IR I _ETE WA I, 762 Limin (AT FBAESIRAE 2 2 mL, AR5 HE T Oasis—HLB [ 4H
FBUMEB T AL . AR NI 3 mL MeOH . 3 mL H,0 34734k, B4 EAES, H2 mL& 5%
MeOH H/KERMDE, 5 6 mL & 5% 20K I H R S il . WCAB PRI, 7RI S T A%
Vet k4 =5+, 0.5 mL ACN/H,0(3 : 2)IRAEWER . £40.22 um EREEIEE, RFT-18C
REITHT

1.4 NsEHWHE

1.4.1 BIELZME  RH XBridge BEH C,(2. 1 mmx100 mm, 2.5 pm) @iSdE74r 4, FEiR40 Cc, #
FEES pL, W 0.3 mL/min, AR4E HERE SR MERT, 43 AR S T2 FBs FlES 7R FBs i AN ] (1)
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TRAAH AR E . EEAHER TR FBs, JRANAH A E 0. 1% HIEE I KIEW (A) L ACN(B) , BEEEEBIFEF A «
0~1 min, 10% B; 1~8 min, 10%~90% B; 8~15min, 90% B; 15~15. 1 min, 90%~100% B; 15. 1~18 min,
100% B; 18~18.1 min, 100%~10% B; 18.1~23 min, 10% B, #X1 &R FBs, HENAME 0. 02% 2K
1) 5 mmol/L ZRELIF WL (A) 2 ACN(B), BREEVEMIFE)F A : 0~2 min, 5% B; 2~2.1 min, 5%~65% B;
2.1~10 min, 65% B; 10~10. 1 min, 65%~100% B; 10.1~14 min, 100% B; 14~14.1 min, 100%~5% B;
14. 1~18 min, 5% B,

1.4.2 BUE&E CRHZ MW (MRM) RS, i BB & IR (ESD . B3 TR FBs 7EIE (+) 55
TR UEI, B FEESEHEE RS 500 V, &R R 550 'C; B FRIFBs 727 (-) & P TS,
BB E A -4 500 V, B FURIELEE #1450 Co RN 2.76X10° Pa, REAESMK: 6.21x10° Pa,
ZAVSR: 3. 10x10° Pa, SEIIIEVS . 3. 10x10° Pa, HFRLA Wi B4R ESHOLE 1,

1 HMESWHER, @5, s Xl 24

Table 1  Full names, abbreviations, formulas, chemical structures and mass spectrometric parameters of the target compounds

N . Product Declustering Collision
. . RT” Parention X
No. Compound Abbr.*  Formula Chemical structure ion potential energy

/mi /
min | () ) leV leV

Nonionic FBs

1 4-(2-Benzoxazolyl)- KSN C,H,N,0, N . - . N 12.46  429.1 321.1° 30 54
4’-(5-methyl-2-ben- go OD/ 1.3 20 52

zoxazolyl )stilbene

2 1, 4-Bis(2-benzox- KCB C,H N,0, O 12.17  363.1 269.2° 220 56
azolyl ) naphthalene N Q 0.
65.0 220 78
o0

3 7-Diethylamino-4- SWN €, H, NO, 0 ~ 9.03 2321 188.1° 188 40
thylcoumari N
methylcoumarin N N 160. 1 161 48

4 1, 2-Bis(5-methyl- PF  CH N0, 0 N. 10.66 291.0  77.1° 210 73
4
2-benzoxazolyl )eth- /@: />\/\<OI>/
N 107.0 210 37
ylene
5 2, 5-Bis(5-tert-bu- OB C,H,N, Nj/Q\(N 14.34  431.2 399.2° 86 75
N 7

tyl-2-benzoxazolyl ) 053 < j J Om
thiophene 415.1 86 80
6 4, 4'-Bis(2-ben- 0OB-1 C,HN,0, 0] Q - 12.00 415.1 207.1° 30 50
zoxazolyl )stilbene g
0 321.2 30 55
7 4, 4'-Bis(5-meth- OB-2 C,H,N,0 0, 13.02 443.3 335.2° 30 55
yl-2-benzoxazolyl) v \@U
0 336.2 30 49

stilbene
8 1, 4-Bis(2-cyano- ER-1 C,H N, 10.63  333.1 217.1° 100 40
styryl)benzene
315.9 100 33
9 1-(2-Cyanostyryl)- ER-1I  C,H,N, 10.63  333.1 217.1° 100 40
4-(4-cyanostyryl)
benzene
315.9 100 33
10 1, 4-Bis(4-cyano- ER-M C,HN, 10.63  333.1 217.1° 100 40
styryl)benzene
315.9 100 33
11 4, 4'-Bis(2-me- FP C,,H,0, 12.37  419.2  9L.1° 80 57
thoxystyryl ) biphe-
nyl

119.1 80 37
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(8% 1)
RT®  Parent ion Product Declustering Collision
No. Compound Abbr.*  Formula Chemical structure . ion potential  energy
/min (m/z)
(mlz) leV leV
12 4-Methoxy-N-meth- AT  C H, NO, 8.45 242.0 185.0° 183 28
yl-1, 8-naph-
thalimide
127.2 182 35
13 2, 2'-(2, 5-Thio- EBF C,HN,0, N 7\ N 10.73  319.1 226.0° 76 46
phenediyl)bis—ben- S Q\ S /O
zoxazole . 9 65. 1 75 65
Tonic FBs
14 4, 4'-Bis[2-[bis FB28 C,H,N, OH 6.13 457.3 333.2° -19 -36
(2-hydroxyethyl) Na,0,S, K
amino ]-4-anilino-s-
lriazin—6—ylamin0} 293.1 -10 40
stilbene-2, 2'-di-
sulfonic acid sodi-
um salt
15 5-[[4-Anilino-6- BA 457.3  333.2° -19 -36
(diethoxyamino)—] s
3, S-triazin-2-yl]
amino |-2-[ (E)-2- 293. 1 -10 -40
[4-[ [4-anilino-6-
(diethoxyamino)-1,
3, 5-triazin—2-yl]
amino ]-2-sulfonato-
phenyl Jethenyl |
benzenesulfonate so-
dium salt
16 4, 4'-Bis[ (4-anili- CXT C,H,N,, 0/\| H 6.14  439.2 284.2° -9 -41
no-6-morpholino-1, Na,0,S, N
3, 5-triazin-2-yl)
amino Jstilbene-2, 117.0 16 79
2'-disulfonic acid
sodium salt
17 4, 4'-Bis[[4-anili- VBL C,H,N,, /@ H H()/ﬁ 6.14  435.1 80. 0° -32 -91
1n0-6-(2-hydroxy- Na,0,S, HN N : N\(NH
ethylamino ) -s-tri- N)\N AN NN
. . 371.2 -26 -50
azin-2-yl Jamino ]-2, HN)\NJ\N O SO.Na SO:Na HN
2'-stilbenedisulfo- k/OH H o \O
nate sodium salt
18 4, 4'-Bis(2-sulfos- CBS  C,H,Na, SO,Na NaO,S 6.13 258.2  226.1° -97 =27
tyryl) biphenyl sodi- 0.,

um salt Q \ O O / O 79.7 =76 -63

19 Disodium 4, 4’-bis BBF C,Hy N @\ H 6.13 384. 1 176. 1° -38 -38
[ (4-anilino-6-me- Na,O,S, NH NaO, N\(NYO\
thoxy-1, 3, 5-tri- N)\N O N NYN
amn-Z-y])ammo]stll— \OJ\\NJ\N SO Na HN. 353. 1 _55 _46
bene-2, 2'-disul- H
phonate

a: abbreviations; b: retention time; c¢: quantitative ion

1.5 RERIESKR=EEH(QA/QC)

TEFESHRAC LS R, B 10 RS T IR PS L SR IIRRRISE S N 5ot . FEFEIF
25 ARSI BN 0 B bR A, AR SEBR RS T ARSI O T2 AR IE . AR TR FBs 5B TR FBs
BR324 50 ng/go XFTAEE TR FBs, ZEF BRI (RE) A 43%~90%,  AHXS brififli 22 (RSD)
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AT 10%; FEFRLY (ME) b 66%~100%, R4k &4 BRI 00 & T4 s S . %88 7% FBs,
RE 4742%~93%, RSD/NF 10%; ME 4 69%~86%, 1 BUEEHAYEFHHIRN o LINbRZS A EL RS
WLV (S/N) b 3 B BE R 7 TR PR (MDL) o X FAERE RS A R RIS B ARt 5%, HMDL 2 SUhF
¥yzs B0 b 3 e bR 2% . JEES 12 FBs 1Y MDL 7 0. 004 21~0. 644 ng/g, 5% FBs i) MDL
0. 120~6. 50 ng/g. IEE T2 FBs BbRifE I 2L PEE [ 4 0. 01~50 ng/mL, £5F2Y FBs B bnifk th Ze Pl
[ 247 0. 1~200 ng/mL, 7EIZMETEBEIAN, 19Fh FBs ¥R B IFMLIER R (750.99), kEHLTE
(dw) IR,

2 HRSHE

2.1 R RS B 7B TR

HTFER-1 . ER- I I ER- [/ Stbfk, {EBEH C Gk ERESCBUER S, Hibh =%
Ve — AN AR ATE BT 2, FB2S I BA Ho 2 (B B imlAH R (0 [R5 2 S d ik, R e pe hy etk
iR, HAMEEPH MRM G REE DK 2, foll 3RS FBs B BB S T4 SR % 2. 1
19F EH bR FBs o, LRGN B A2 18 Fh FBs, FoHT 14 B FBs 76 /5 T 50% ) L3 AE S P i Hy . o,
OB. BBF. VBL. FB28/BA HI CBS (i i Z (DF) i 90%, FHH XL SWAE LIRSl A 7E . Rl
- HE 19 FBs BRI EE 9 27. 5~391 nglg, HAOLKEE K 160 nglg. 5 Zeng S5 A4 E{E M T5 Y2 (35 300
ng/g) HHARIE ) FBs IR EEAH L, Rl L3 FBs Kz I IR EASAIR . X Fh2ZE R ol RE IS YN . IRIR 2%
PRI YA T A 2 07 B R S8, Ho, IR TETSIRVE A5 K AL HR T b BE R A= 6 15 /KA Tl R /K )
alFEr, MOARAENIG I — AN E AL M2 T, ol 3B E LG Gt N iR is Lo
AR, FEARE KA . I5 KBRS TR SRR, PRI ALIE Y 05 N 2 B i 6 e ik
TEARAER) i E RO - A LTS YA L, B 2 IR (1. 071 ng/g) Y | AR AL A
(9. 6 ng/g) LU FBALMEFEF (59. 1 ng/g)"™, FBs RILHE ST YK Kb, ol 3 FBs i)
A L AR BN KT, e T e 5 8 s oG M i

FT A 6 Fh s 7 FBs Y7 HHRE S P A . Hidh BBF. VBL. FB28/BA 1 CBS 19 DF 35 %] 100%, 4
Ml 358 b 6 g 12 FBs BOIK EE A 26. 8~390 nglg, HAZIRIE 3156 ng/g. BAR, BT RIFBs Al 1%
HFBs 0 EETTERE o B TR FBs )2 N H TR, BT AR, SEBOURA S E A
R T HER ) T5 KRR R B R, BEmiE alis Y. Hvr, BBF &E FRFBs H & B FEE NG
Yy, WAL E K 67. 4 nglg, H UKL VBL(40. 1 ng/g) . FB28/BA (29. 6 ng/g) . CXT (9. 81 ng/g) Fl CBS
(1.51 ng/g) o HRAEEF A FBs AbFLEH), CBS & IR LIMHERIMbEYr, i H Al 5 R+ FBs N2
W= IR EY) . Kramer 5 W50, H AR Hh 08 Z M 25 FBs 1) E ERE iR 24
oAb zERE i, Hoh I8 CARERIRZRIN CBS Ye b2 B it B LW =R IR L2 CXT R4, 47X
[ (4-(4-TEFENEFE ) -6- I (2-F2 2 F) EF-1, 3, 5-=Me-2- ) &I | K M2, 2/ - mEREL (DAS 2)
P3G L. SR E—MREN TR, RS ARMEE 7O . PR3N E T AR eRE, £
PUBARSRA R E P T CBS AN E =EISE M, B ZEE R T REH T 51 % A S b4kl A
KRN gl A3 Kt al A H ARG, 3555y CBS W REZ i ek fiid f2, 53 CBS Mk B b Hofth 5 Fles 1
FBs K5 % .

G 3) 12 fhIEES 7R FBs, HHr OB, ER-1/I/I1. OB-1, AT. PFAIKCBH) DF #id 50%, OB
) DF &3k 97%. Al -3 13 Fh A% 72 FBs B )E 4 0. 557~6. 62 nglg, HAOLHK)E R 1. 34 ng/g. H
Hr, ER- 1 /11710 A i B e i (0. 329 ng/g) , HKAE OB-1(0. 109 ng/g) F1OB(0. 064 5 ng/g), FHH Lik
5 FhIE S 77 FBs 7F Tl H i bl R T Be A i o ARm7, Rl = 38 RE S 3 55 17 FBs 1 IR
(1. 34 ng/g) AR T & FHIFBs (156 ng/g) . HEfRIE, BT FBs FENHTYLL ., E4UH R34t
B Tl 58 208 H TUeiRor= M & F R FBs Lk, JE& T2 FBs i H B 404%, JEHH
TELFZ AR S S P2 R A i B ORI A 2218, X T RERE RS TR FBs TE RO L B B A
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Fig. 2 Multiple reaction monitoring chromatograms of the target compounds
the red chromatograms and the blue chromatograms represent nonionic FBs and ionic FBs, respectively
2 RIERES ORI BRI IR EERGR TESE 4R (nglg)
Table 2 Descriptive statistics of the concentrations (ng/g) of FBs detected in soil samples
Compound DF*/% cMm® Mean Median P95¢ Range
Nonionic FBs
OB 97 0.0722 0.219 0.064 5 0.729 nd'~2. 67
ER-1/1I/I 83 0. 280 0.416 0.329 1.07 nd~1.79
0B-1 63 0. 142 0.582 0. 109 3.10 nd~4. 43
AT 60 0.0225 0.0359 0.0212 0.114 nd~0. 181
PF 53 0.0273 0.059 8 0.027 2 0. 288 nd~0. 393
KCB 53 0.0219 0.0449 0.0167 0.129 nd~0. 347
SWN 17 nd nd nd 0.0172 nd~0.017 8
EBF 13 nd 0.0412 nd 0.0790 nd~0. 809
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(8:32)

Compound DF*/% cMm" Mean Median P9s5° Range
KSN 13 nd nd nd 0. 159 nd~0. 323
0B-2 7 nd nd nd nd nd~0. 275

FP 0 nd nd nd nd nd
> Nonionic FBs 1.43 1.83 1.34 5.18 0. 557~6. 62
Tonic FBs
BBF 100 64.3 71.1 67.4 126 10. 6~137
VBL 100 35.9 49.3 40. 1 121 6. 75~166

FB28/BA 100 29.6 32.9 29.6 67.3 8. 83~76.3
CBS 100 1.50 1. 88 1.51 4.78 0.272~5. 33
CXT 83 6. 39 10.9 9.81 22.7 nd~46. 6

> lonic FBs 146 166 156 339 26. 8~390
> FBs 148 168 160 342 27.5~391

a: detection frequency; b: geometric mean; c: the 95th percentile; d: not detected

2.2  ZMl TR TS B I X i3 R 4FAE

H ] = R IX IS LA B 45 A T ROl - R it FBs Y 1 " OEasChina ©Central China - West China
2 ) oA g S 3 A 4 FrR . BT, =R
T T FBs I H AR BEAR IR . HR (185 ng/g) > 7R
(168 ng/g)>PaE (121 nglg) , (HH X I) 43 1 2 ARGk
FNGE 2 BE KT (p>0.05) . BT B T2 FBs SRl
T HE FBs ) EETTERE , MR LR 98%, Atk
s TR RE D)5 2 AR AU 22 i BT ] |
(p>0.05) . E§FRIFBs V0 R E . BESEDIALI 1L ENonionic FBs ;IonichBs TFBs
ST, Bz R TR AT . WBERAIVER  ms s R R R R R T 0% 1Y
AT, BTEREGRF, KgAK, Hie FBs ¢ E 53 A1 4]
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FBs (23 ()53 A o (B RTEM R, = RIXIAIES T2 FBs ALK BRI . AREB(1. 76 ng/g) >V
(1. 39 ng/g) >R (0. 936 ng/g), Hirp B IX fe b + 35 vp JE 25 12 FBs B3 2 25 i s IX. (p<
0.05), EIHIHEARIREHE . JdkiE, FREZZ5= AL TR 2 r LB, FEEPTE
KZMEBR =A™, W4 8R, ITHATERE RO 3RS b AR5 12 FBs (9IRS bk,
LR B 1K 6. 62 nglg, HUCRTE MR ARIX (4. 07 ng/g) . [~ 444 (2. 53 ng/g) FIT 44 (2. 53 ng/g) .
XU Tl it 7 P ] 2 St X s v 1) 7 S R T RE S S BCIE 20 FBs il 2 AR AR B 1
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AGZ BRIV EYIFE SR . 540, B8 F R FBs 1 = K Xk £ 4 FBs BIREERY 0. 5%~
1.3%, OB-1, ER- I/II/II A1 OB J& F Z ) 35 & 1A FBs V5 Y2y o Hoep, ZR3H0 (1. 2%) 1 G 358 . X
(1.3%) JEE5 T2 FBs B S E B v T il sIX (0. 5%) . 5B TR FBs MHEL, HARARES T2 FBs fEAR L+
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PR, 3RS T2 FBs ARl -3 75 Y S IR XS AN 20 . AR = R X8 FBs 2H A H
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Fig. 4 Spatial distribution of FBs concentration in soil samples across provinces/municipalities of China

the bars represent the percentage of each type of FB relative to its total concentration
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Fig. 5 Composition profiles of FBs in soil samples from three between concentrations of FBs with >50% detection in soil
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27.5~391 ng/g. ZREBHLIX (1. 76 ng/g) Rl - HErp1 A5 -7 FBs ()R B 0 25 5 T B IX (0. 936 ng/g, p<
0.05), IR AXIEFE, 45, AR = KX ol 43 FBs BB AR 86, L
ETFRFBs A, 5 FBs BREN98% LL L. X HIEFE S H DF>50% BUAL S P34 T Spearman FHE ST,
SR BIE]—ZE 50 258 FBs () 7R B I B IEAH M (r=0. 36~0. 76, p<0.05), $2RxessfbSedl
et ] e B L A 5 ORIF SR IR R VA . TR BRI, AR ZAEARRESZ), R ER
T A =R X AN - 3R FBs 5 YL LB AR R TR . I, ASSCIHE AR FBs X gk B
F SR AR e Bt T A s, Hm A Rl i BRI RGERAENILIERIE .
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