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Abstract: [ Objective] This study aimed to investigate the occurrence, bioaccumulation and translocation behaviors,

and dietary risks of per- and polyfluoroalkyl substances (PFASS) in rice grown near a fluorochemical industrial park
in Changshu, Jiangsu Province, China. [Method] Rice plants, rhizosphere soil, and irrigation water samples were
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collected from five paddy fields surrounding the industrial park. A total of 37 PFASs were quantified by weak anion
exchange solid-phase extraction coupled with liquid chromatography—tandem mass spectrometry. Bioaccumulation
factors (BAF) and translocation factors (TF) were calculated to quantify the accumulation and translocation
capabilities of PFASs in rice tissues. Dietary risks were further assessed based on PFAS concentrations in brown rice
and white rice. [Result] PFASs were ubiquitously detected in rice, soil, and irrigation water, with 28, 22, and 24
PFASs identified, respectively. PFASs in rice showed a distinct organ-specific distribution pattern, following the
order of leaf > root > stem > brown rice > white rice. The predominant PFAS compounds included perfluorobutanoic
acid (PFBA), perfluorooctanoic acid (PFOA), and the emerging alternatives hexafluoropropylene oxide dimer acid
(HFPO-DA) and 6:2 chlorinated polyfluoroalkyl ether sulfonate (F-53B). HFPO-DA and F-53B showed relatively
high translocation and accumulation potential in rice grains, whereas PFOA and short-chain perfluoroalkyl
carboxylic acids (PFCAs) were more likely to migrate to and accumulate in vegetative tissues. Health risks varied
among residential groups, with rural residents showing higher overall risks than urban residents. In addition, children
aged 2-6 years were identified as the most sensitive population among different age groups. Brown rice posed a
higher dietary exposure risk than white rice. Hazard quotient (HQ) results indicated that dietary risks were jointly
driven by emerging alternatives, including GenX and F-53B, along with PFOA and perfluorooctane sulfonic acid
(PFOS). [ Conclusion] Fluorochemical industrial activities have exerted clear impacts on the surrounding
agricultural ecosystem. The exposure risks associated with emerging alternatives should not be neglected, while the
potential health risks posed by traditional PFOA and PFOS through rice consumption also warrant continued
attention.

Key words: Per- and polyfluoroalkyl substances; Fluorochemical industrial parks; Farmland—rice systems; Health
risk assessment
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IKFERE SR I S 0 AR (BN LR AE 7%, FEREN SRR mUEHE 5 MAEKI S RIKREIRS
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Fig. 1 Location of the study area and distribution of sampling sites

HF KRG HRBR S E KRS S ) 37 Fh PFASs AL & 43E T b, 350 NBLUTR UK,

11 il C4~C14 M4 HEIEL IR (PFCAs): 4% ] B (Perfluorobutanoic acid, PFBA,
C4). &K (Perfluoropentanoic acid, PFPeA, C5). 43R (Perfluorohexanoic acid,
PFHXA, C6). 4% 5l (Perfluoroheptanoic acid, PFHpA, C7). 4% & (Perfluorooctanoic
acid, PFOA, C8). 4% T (Perfluorononanoic acid, PFNA, C9). 4% 2 (Perfluorodecanoic
acid, PFDA, C10). 4%+ 8 (Perfluoroundecanoic acid, PFUdA, C11). &%+ &

(Perfluorododecanoic acid, PFDoA, C12). 4% =& (Perfluorotridecanoic acid, PFTrDA,
C13). 4% 1+VUEE (Perfluorotetradecanoic acid, PFTeDA, C14).

8 ' C4~C12 Mya=Hbr iR (PFSAs): 4% ] Wifi#iig (Perfluorobutane sulfonic acid,

PFBS, C4). &% /Lkkifi#iz (Perfluoropentane sulfonic acid, PFPeS, C5). 44 Chefififg
(Perfluorohexane sulfonic acid, PFHXS, C6). 4% Fébti#iiz (Perfluoroheptane sulfonic acid,
PFHpS, C7). 4% ¥ kefifz (Perfluorooctane sulfonic acid, PFOS, C8). 4% T hififiFik
(Perfluorononane sulfonic acid, PFNS, C9). 4% ififilik (Perfluorodecane sulfonic acid,

PFDS, C10). 4% 1+ —kifififR (Perfluorododecane sulfonic acid, PFDoS, C12).

10 FhATORAA: 4:2 MR (4:2 Fluorotelomer sulfonic acid, 4:2FTS, C6). 6:2 i
MR (6:2 Fluorotelomer sulfonic acid, 6:2 FTS, C8). 8:2 %X ER (8:2 Fluorotelomer
sulfonicacid, 8:2FTS, C10). & Fhefeifitfi% (Perfluorooctane sulfonamide, FOSA, C8).
N-FF 35 4= S e he ik e (N-Methyl perfluorooctane sulfonamide, N-MeFOSA, C9). N-Z.3&
AP E IR % (N-Ethyl perfluorooctane sulfonamide, N-EtFOSA, C10). N-HJ&4 4k
Tk ik 2. /% (N-Methyl perfluorooctane sulfonamidoacetic acid, N-MeFOSAA, C11). N-Z
FE 4 5 BT I 3k 2.2 (N-Ethyl perfluorooctane sulfonamidoacetic acid, N-EtFOSAA, C12).
N-FF 5 4= e e i Ik e 9k 2% (N-Methyl perfluorooctane sulfonamidoethanol, N-MeFOSE,
C11).N- 2.3 4 53 Je ik i % 2. B (N-Ethyl perfluorooctane sulfonamidoethanol , N-EtFOSE,
Ci12).

8 PTG : 2 (2-2FAH k) R (Perfluoro(2-ethoxyethane) sulfonic acid,
PFEESA, C4). 4%-3-H &L (Perfluoro-3-methoxypropanoic acid, PFMPA, C4). 4
F-4-HEFIE TR (Perfluoro-4-methoxybutanoic acid, PFMBA, C5). 6:2 &A% &be S Bk fi
% (6:2 Chlorinated polyfluoroalkyl ether sulfonate, F-53B, C8). /NI & Ak — BW

(Hexafluoropropylene oxide dimer acid, GenX, C6). 4 %-3,6- ~ % F¢ik (Perfluoro-3,6-
dioxaheptanoic acid, NFDHA, C5). 4,8- % 44-3H-4 % T [i¥ (4,8-Dioxa-3H-perfluorononanoic
acid, NaDONA, C7). 11-& —+#-3-FE &+ —ki-1-iEE A (Potassium 11-chloroeicosafluoro-
3-oxaundecane-1-sulfonate, 11CI-PF30UdS, C10),

1.2 B FARA L

FRUEM: 25 Fh PFASs VAR (PFAC-MXH). PFASs JEFRVETR (PFAC-MXF). 4 Ffi4:
FAL EYIRFRVETR (PFAC-MXG). K4k N-Me/EtFOSA 1 N-Me/EtFOSE 1A i/1E &%) (PFAC-
MXD. X:3 SBIARRIRE LB (PFAC-MX)) K 24 Fl BC FTARFRICIRS B 2 MR
(MPFAC-HIF-ES, EIS) EINEAXHE RIS E ., FiEE (MEOH, thital, =>99.9%) #
E G I (HPLC) ZE2liK (H0, tailial, HSHR/NTET 0.1uScem?) Iy H #E[E 2R
TiHER], TKZME (CHCOOH, 743#rél, =99.9%) AIFEE (HCOOH, Z:#r4l, 98%) i
H _EdpR T AR R AR AR, &K (NHs-H0, Z3#r4l, 25%~28%) I H E 254 4]
1 RFIE PR AT . FIAHZEEL (SPE) ¥ (6 mL/150 mg) W _EiRERIEA PR A .
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1.3 #HmaiEE
1.3.1 JKFE AKEE AT T SCPRE, HF 2 B FR AT YR s 308, L3 G [ AH A% U P2 o AR A 1 2E
B J5 1) KB I 50 pL ¥Rl 25~500 pg-Ltf) EIS, KiFEdh pH 5% 6.5 £ 0.5. KA
SPE F:Xf PFASs #HT &£, SPE AR 1% (viv) HIEEE AL EA AT 0.3 mol-Lt R .
o FE A LAZ) 5 mL-min i ididE i SPE 5, H HPLC ZE4liK A 1:1 (viv) 17 0.1 mol-L-
LR P O, AR 1% (viv) F BRSBTS o e B0 T 2 UK TS PR R
tofa, TEEMESR FIRGEEZ 1 mL, JEA HPLC e A . ARBRILAERUL T4,
FES 25 R A EnviCarb WEHERIFL . B0 5 IEE RIEW, 4 0.22 um JERLJE, #iEs
BEFEMAR, FFT-20 CIRAE, FRiiAH il B TS A X (UPLC-MS/MS, Waters, &
AT
1.3.2 BIEFESD LIERE SO BB A IR AR S AT, RS JEE FKE . FREUR
TR ERES (N 59 TR E) T 50 mL B E-OE . A 50 uL Kk JE N 25~500
ug-L ) EIS. RESLPRYE 30 min J5, KH 0.3% (viv) WIS AR O RE S EATHE 7 4R
B, $REUS: 3 WRiEEAT, BN 100 15 A1 5 mL $2EUAH); FFGHA 30 min J5, LL7 000
rmintE0 10 min, WE RIEHRIEEH, RS 30 mL BB .. $EEUKZ EnviCarb 3574
AP A L BR LT T 404, B IR AN U N IREE 229 10 mL. [AIRAFH I HPLC 2%
KIFRE], EREZES0mL, ¥ pHIATTE 6.5 +0.5. B, K S/KEEH R 2B FE X+
BRAGIA T — P E 4R TeRA R )G, fERS MRS, HH HPLC AHREER R 1
mL. FAFEAN LR 0.22 um JEME JEF R R FEFEI T, T—20 CIR 1%, fif UPLC-MS/MS 43 #f7 .
1.3.3 KAEFESY  KFEFEMERBAUKGF G, AR 220 M RERFIREK, AT RE
T BE 40K o RRHEX 2.5 g HEAFE St 4T PRASS $2H, $eGE FE 5 T3 RE S AH [F] . $2EURE 0.22
um JEMELIE R R BRI, T—20 CIRA7, £ UPLC-MS/MS 434
1.4 UEE&EMH

AW TR H UPLC-MS/IMS X PFASs #F47 i€ & 73 41, il 4+ {8 A Acquity UPLC BEH C18
SHTRE (Waters, 1.7 um, 2.1mmx100mm). fRF4 (Waters, 1.7 um, 2.1 mmx50mm) A
FEIRFE (Waters, 2.1 mmx50 mm), FEiEAE IR 4ERFAE 40 'C. VBIAHH 2 mmol- Lt i R4 %
WA FIZHE (B) 4R, FhHHE A 0.3 mL-mint, BHREE N 2 uL. HEERIRAE LT
WIUEIRZES N 90% (viv, FIE)D A MA1 10% B #, 7£ 5. 9. 12. 16 min iZZik %] 70%.
45%. 25%F1 5% A K 30%. 55%. 75%Al1 95% B #H, 16.5 min i VK B E WG K AF I 15FF
3.5min. JFLE KA HmE S 1 B T (ESIT ) M MR (MRM) TR, &1
JRIR S 500 °C, W% HUE -4 500 V, TSI 35 psis  F ARG BN SUE 713508 50
psi, MiAESE SN 9 psi, ANEEJEAN-10V, il Ot N-14 V. 55— VIR &2
Frés (QL) FEE = DUMRAT = #rds (Q3) M HFR BN AL TSR/ HER, MRM Kl i (7]
%W 28 60s. HER T mis 252 BOCHR[15]E T % &
1.5 R=EEH

FERCRAE S RIS A FR I R R ) S I SE EA R4 (U.S. EPA) 772 1633
A7), foied R o T VU SR 208 I & R SR, R B IS ARSI A, DK
575 YIS AN 2 A8 S5 g% 43 HILL HPLC 207K JE KRS A i A RE A Ak,
BRI, BRI A RIREE IR AT R IR B IR (n=2), T ESEH (QC)
JooE s R (LOQ) i » PFASs K H [ MR E &, Bt 435 oy 0.002~50 pg-L~ 1,
I 14 SBERE, FARESIIN 50 pL EIS (25~500 pg-L™ . 20, 4 12 MRERHEA 1A
WA AR LA RES (2 ug-L t PRASS FRdEiaiD, DA e . BT B ARt
HEMZAHC R A (RD KT 0.99. LOQ & SUAEMELL KT 10 H B 456 B R IR eI hn
FRIEE o 37 Ff PFASs 1) LOQ S B: B b IS 28 W& 1o L IEFI/KAGAE MK FE 35 A T-W T &
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x1 BiRsREERET BMREIE
Table 1 Limits of quantification and matrix/blank spike recovery rates
JKA¥: Water +3% Soil 4 Plant
W25
Chemical [m] g il e
LOQ LOQ Recovery LOQ Recovery
substance Recovery rate/%
/(ng-LY) /(ng:g™Y) rate/% /(ng-g™Y) rate/%
PFBA 0.80 10946.12 0.040 77.0+11.0 0.080 59.0+0.00
PFMPA 0.40 72.0+0.33 0.020 91.0+18.0 0.040 128+0.00
PFMBA 0.40 87.0£12.6 0.020 76.0+3.00 0.040 233+0.00
PFPeA 0.40 63.6+7.09 0.020 37.0+3.00 0.040 62.0£17.2
PFHXA 0.20 86.9+15.9 0.010 96.0+44.0 0.020 92.0+18.6
PFHpA 0.20 144+13.5 0.010 97.0+2.0 0.020 79.0+5.4
PFOA 0.20 92.0+23.0 0.020 80.0+17.0 0.020 117.0+1.0
PFNA 0.20 89.4+2.2 0.010 143+40.0 0.020 61.0+5.5
PFDA 0.20 98.0+7.3 0.010 105+42.0 0.020 68.0+10.6
PFUdA 0.20 82.1+1.0 0.010 11049.0 0.020 76.0£31.7
PFDoA 0.20 122+8.6 0.010 75.0+15.0 0.020 65.0+10.1
PFTIDA 0.40 99.0+8.3 0.010 66.0+30.0 0.020 65.0+2.6
PFTeDA 0.20 167+13.4 0.010 77.0£7.0 0.040 90.0+21.3
PFBS 0.20 93.1+4.8 0.010 91.0+25.0 0.020 66.0+6.5
PFPeS 0.40 77.1+24.1 0.010 73.0+12.0 0.020 68.0+12.8
PFHxS 0.20 109+20.8 0.010 83.0+32.0 0.020 79.0+29.8
PFHpS 0.20 84.5+27.2 0.020 121+19.0 0.020 80.0+4.8
PFOS 0.20 73.0+16.2 0.010 79.0+10.0 0.020 62.0+8.5
PFNS 0.20 74.9+15 0.010 83.0+0.0 0.020 77.0£0.0
PFDS 0.20 88.0+1.7 0.010 84.0+2.0 0.020 58.0+0.0
PFDoS 0.40 111+2.4 0.020 88.0+50.0 0.040 59.0+0.0
4:2 FTS 0.40 67.1+3.7 0.040 134+1.0 0.080 82.0+13.7
6:2 FTS 0.40 71.8+10.3 0.040 127+16.0 0.080 93.0+22.1
8:2 FTS 0.40 87.4+13.3 0.040 13249.0 0.080 78.0+14.5
FOSA 0.20 109+2.2 0.010 108+30.0 0.020 76.0+11.1
N-MeFOSA 0.20 102+38.3 0.010 118+0.0 0.080 89.0+11.0
N-EtFOSA 0.20 102+38.3 0.020 60.0+2.0 0.020 56.0+0.0
N-MeFOSAA 0.20 76.0+3.1 0.020 118+0.0 0.020 76.0£13.5
N-EtFOSAA 0.20 105+17.8 0.010 113+15.0 0.020 63.0+8.3
N-MeFOSE 20 88.0+0.00 0.10 97.0+27.0 0.200 164+1.0
N-EtFOSE 20 79.0+0.00 0.10 115+14.0 0.200 132+0.0
PFEESA 0.40 91.1+0.00 0.020 89.0+0.0 0.16 86.0+5.1
F-53B 0.40 100£1.2 0.020 90.0+11.0 0.16 164+5.8
GenX 0.40 87.0+7.1 0.020 168+0.0 0.040 81.0+8.5
NFDHA 0.80 13047.5 0.040 131+37.5 0.040 87.0+0.0
NaDONA 0.40 61.0+0.7 0.040 102+6.6 - -
11Cl- 0.80 78.0+8.0 0.040 59.0+5.8 - -
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7K KE Water +15 Soil %) Plant

25

. ELJES g
Chemical El&S

LOQ LOQ Recovery LOQ Recovery
substance Recovery rate/%
/(ng-LY) /(ng:g™Y) rate/% /(ng-g™Y) rate/%

PF30UdS

H: LOQ NERMR. PFBA, 2% 1'H2: PFPeA, & HUKIR: PFHXA, & CI&: PFHpA, 4 3BIR: PFOA, &% 2: PFNA,

29 LR ; PFDA, 2 HZ8IR; PFUdA, 29+ —%; PFDoA, &%+ —#&; PFTIDA, @i+ =&, PFTeDA, 2%+ U}Z; PFBS,

AT BRI PFPeS, ARUNIEHERR: PFHXS, A9 CAEIR: PFHpS, AWPHR#ENR; PFOS, &M Itilg: PFNS, 4 TE
PUiig: PFDS, ARZSKE#IR: PFDOS, AWl Zhiilg: 4:2 FTS, 4:2 FiAKMAIR: 6:2 FTS, 6:2 HUAKMENR: 8:2FTS, 8:2
G R AEIR ; FOSA, A9 F HEIENZ: N-MeFOSA, N-H B £x9i 3 el % N-EtFOSA, N-ZB: A - et ; N-MeFOSAA;

N-FHBE A e A B LR N-EtFOSAA, N-Z B3 oF Sl GE: 202 N-MeFOSE, N-HIJE 4 Gl o7 bt il i: 2% N-
EtFOSE, N-ZF:2fFIeifMlizs B PFEESA, 2i(2-28 & LL0)MIR; PFMPA, 2H-3-HAXENEL; PFMBA, Afi-4-
HEE TR F-53B, 6:2 fAZHbEBEARL: GenX, /NI ANLE —HIER: NFDHA, 4:9(-3,6- % K2; NaDONA, 4.8-—
A Zk-3H-4 % E 2 11CI-PF30UdS, 11-5 —4-3- A T —be-1-fffet . . Note: LOQ refers to limit of quantification.
PFBA, Perfluorobutanoic acid; PFPeA, Perfluoropentanoic acid; PFHxA, Perfluorohexanoic acid; PFHpA, Perfluoroheptanoic
acid; PFOA, Perfluorooctanoic acid; PENA, Perfluorononanoic acid; PFDA, Perfluorodecanoic acid; PFUdA, Perfluoroundecanoic
acid; PFDoA, Perfluorododecanoic acid; PFTrDA, Perfluorotridecanoic acid; PFTeDA, Perfluorotetradecanoic acid; PFBS,
Perfluorobutane sulfonic acid; PFPeS, Perfluoropentane sulfonic acid; PFHxS, Perfluorohexane sulfonic acid; PFHpS,
Perfluoroheptane sulfonic acid; PFOS, Perfluorooctane sulfonic acid; PFNS, Perfluorononane sulfonic acid; PFDS,
Perfluorodecane sulfonic acid; PFDoS, Perfluorododecane sulfonic acid; 4:2 FTS, 4:2 Fluorotelomer sulfonic acid; 6:2 FTS, 6:2
Fluorotelomer sulfonic acid; 8:2 FTS, 8:2 Fluorotelomer sulfonic acid; FOSA, Perfluorooctane sulfonamide; N-MeFOSA, N-
Methyl perfluorooctane sulfonamide; N-EtFOSA, N-Ethyl perfluorooctane sulfonamide; N-MeFOSAA, N-Methyl perfluorooctane
sulfonamidoacetic acid; N-EtFOSAA, N-Ethyl perfluorooctane sulfonamidoacetic acid; N-MeFOSE, N-Methyl perfluorooctane
sulfonamidoethanol; N-EtFOSE, N-Ethyl perfluorooctane sulfonamidoethanol; PFEESA, Perfluoro(2-ethoxyethane) sulfonic acid;
PFMPA,  Perfluoro-3-methoxypropanoic acid; PFMBA, Perfluoro-4-methoxybutanoic acid; F-53B, 6:2 Chlorinated
polyfluoroalkyl ether sulfonate; GenX,Hexafluoropropylene oxide dimer acid; NFDHA, Perfluoro-3,6-dioxaheptanoic acid,;
NaDONA, 4,8-Dioxa-3H-perfluorononanoic acid; 11CI-PF30UdS, Potassium 11-chloroeicosafluoro-3-oxaundecane-1-sulfonate.

The same below.

16 BIESGITFESH

RBFFR BRI T (BAF) WA KRS LR IIR 5 4 PRASS Rk 11, SR
i R (TF) VPfl PRASs 76 /KRR EALGURINGEE R, BRI (D A () B
.

CRr,s,1, BR, WR

BAF= QP
Csoil
Cs, L. BR, WR
TF=——>"—"— 2
Cr

K, Coonns Crv Csv Civ Cpre Cwr 7P R EIEAOKTEMR . 25, . BEK. KK PRASs
MR, ng-g™ 1, LATHIRET.

R ATRER IR KT PRASs HIfti T4 H & (EDD #8500 (3) #HATH5.
:IRXCBR,WR
BW
X, IR NHBFEKIEANE, gdl Cgr. CwrZMAlNKEK. KK PFASs ¥, ng-g?s
BW W AMKARE, kg HIRAKTEANE (CLHEYIBTETH) MR E 3T b [ e 55 77 M

EDI (3
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LB ERRT FU R BRI SSSH IR 2 s
R 2 WEARIFRERABKERIBANERKE

Table 2 Average daily rice intake and body weight of urban and rural populations across different age groups

KA H BN A
S Average daily rice intake/(g-d1) Body weight/kg
Agely ) 4ii) AT i} BAS
Urban Rural Urban Rural
2~6 74.5 120.2 19.5 19.3
7~18 106.1 191.6 47.3 46.7
19~45 1225 228.5 63.1 61.8
>45 115.9 196.9 62.7 59

IR KRN B — PFASs T B AR EUR @ R B i (HQ) #ow, HitH A
A (D):
EDI

A, HQ AR i Ff PFASs Ifa /i (JCE4N); EDI;JyiZ PFASs HIMfitH HER A&, ng-kgtd
L; RfD NAHRL PFASs A S5, ng-kgt-d?l. AHF58+ PFASs 1) RfD 3= Z ik 55 E 5
FRERM TAES (U.S. HDOH) RAT [FIPF a7 45 Baf e 200, %P a4 1 38 FIHS J2 M A5 £
PRI TS 22 5 3k AR AT FUBe S LRI HE A AE X 25 R R L 2R 5120280, o Tk =
RD #4f& (1) PFASs, SR S5 /AR B 5347 XU PPl . FOSAs ZRATHXAR L FOSA ] RfD
#4Q, F-53B LA PFOS (1) RfD #{t. HAk RfD L% 3.
*3 2RMEZRUTEMR (PFASs) MBASERIE
Table 3 Reference dose for per- and polyfluoroalkyl substances (PFASSs)

a2yl WNSE & a2yl WASE &
Chemical substance Reference dose/(ng-kg-1-d-1) Chemical substance Reference dose/(ng-kg-1-d-1)
PFBA 3800 PFOS 2
PFPeA 400 PFDS 10
PFHXA 500 PFDoS 300
PFHpA 20 4:2FTS 390
PFOA 3 6:2FTS 390
PFNA 3 8:2FTS 390
PFDA 2 FOSA 300
PFUdA 5 N-MeFOSA 300
PFDoA 6.7 N-EtFOSA 300
PFTrDA 6.7 N-MeFOSAA 300
PFTeDA 67 N-EtFOSAA 300
PFBS 300 N-MeFOSE 300
PFPeS 160 N-EtFOSE 300
PFHxS 2 GenX 3
PFHpS 10 F-53B 2

Z T PFASs 2R KR IEN T £ M5 G WS fE 48 (HD, Hog SN #.— PRASs fa
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f A, HAF S (5):

H1=Zn: HQ, (5)
i=1

T, n RIRGN AR B XS VT A 1) PFASS Fhisi s

AW T A Gt i 5 B2 4 5K B SPSS 27.0.1. Origin 2024 A1 Excel 2016 58 .
MR, (KT LOQ HIVKEEME A LOQ/2 B, RAE s oA B 4 thoR] FH 2R AL 23 8] 4 R
F ArcGIS V10.2 ¥tk 52 1 o

2 #5551

2.1 JKFEEABLL PFASs BIMK TF4F1E

WFFTIX 5 AN KRR KRG RE B b G 28 Fl PRASSs,  HARS [RSRAE i (B A7 AE — E 25 1) 2 5
( 2). IPFASs WIFEERFN: ST3 (35.70ng-gl) >ST1 (33.60ng-gt) >ST4 (30.60 ng-g-
1) >ST2 (30.10ng-gt) >ST5 (23.10 ng-g1), “F#°4 30.60 + 4.80 ng-g?t, XK HHHFFLIX A
[ RAE 2L PFASS 15 QKT AAAE 22 5, nl e S RO HROR SR E 15 G A il J =y i Ak F BRI
A . b, Kt 28 Ff PFASs £4% 10 #f PFCAs. 8 flt PFSAs. 7 R gii4 Al 3 Fif
AW, HAFEWE 259 15.50 £ 3.17. 5.06 +1.30. 2.87 +0.77 A1 7.19 + 2.44 ng-g%,
5 64308 50.6%. 16.5%. 9.4%FH 23.5%. ., PFCAs Ui B AR08 =B Bk, 1004
TEAESE PRASS 515 = SRS, BB CEoN .

ANFEIKFELH L SPFASs ¥ 23 Bl 43 ) i 9.84~13.00 ng-gt. 4R 4.70~14.80 ng-gt. 2%
3.89~8.70 ng-gt. #iK 2.00~7.62 ng-gAkEAK 0.55~2.67 ng-gt, P EE 437 11.19 +1.48,
7.92+3.95, 561+1.94, 439+2.37 f11.50+0.92ng-g?, BAREMH. R, 2=, HK. FBERK
BRI AP AT RFIE . IX KRB PFASs fE/KFEMR N BA B H Sk # M, FEEETH 5
EIRE, MR AN B2 IR, 1X 5 Yamazaki 25000 Kim ZERARRF 5t 456 — 8. i
Rk B, PIREY PFASs 4 RIS I8 I Ao 5 28 IS i In B, FROLJerEZE
A R 25 B s B R KRR IR EE B AR, T SEEH 240 PFASS [AFFRL N S FIE A%
RE 1A PRI 22,241,

EE IR E YT, PFBA. PFD0S. GenX. F-53B Fl PFOA N Bi55uW, V- 4y A
N 8.37+1.27. 2.31+0.97, 2.07+1.22, 1.95+1.57 f11.81+0.45ng-g, /5t 5N 33.9%.
9.4%. 8.4%. 7.9%R17.3%; JL+, Bk F-53B 4#b, HARLAWIREH R4 100%. KK 32
15949 GenX PFOA. F-53B. PFD0S 11 PFBA, 1] FL7E K5 K th 11 5% B 34K 404K, 1t 1) PFASS
W OEFRLANZH L S 5, BRI AR 7 — e A2 F R AR K R R B o (1S =W
72, GenX Al F-53B FEXFRLH AR (5 ELECE TR B B i, Sl 0B A B AR v] REEE 5 1)
FFRLBC. Liu SEOSIRRE S48 H, GenX AHELT PFOA BAH S IEY RA0E 71, ARWH7u4s
BEZH . FI, %T PFDoS ZK45E PFSAs, U HIEH o 5 (E 78 R4 b & 429,
EFEREK A — e, YIRS AR AR LS, X P RS FLRK B w7 R (1 6
KM S AR TS5 G Re 38R ¢, NI B s FAERE A 1k P9 1 B e 771260,

SR b BT X KRG HH PRASS 2 1L H B S (138 B RIS 5 2H 2390 B AR AIE , HLAG 85 PFCAS.
58 PFCAs Jop BB AR5 A sk T AV E B8 71, 3R 0 A L&Ak Tk ig shHEBU
PFASs AJ fEid i T e fEE K N A R G5, HEK RGN & YEE, Mt X ekl A=
A AR 22 A IR RS
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2

=0 16/ PFEESA
214t - 538
= — o B GenX
] I-: . = N-EtFOSE
2 10} - o N-McFOSE
L,: E s N-EIOSAA
-0 : = - — N-McFOSAA
<8 61 - - = N-EtFOSA
& 5 —E. N-McFOSA
s 4 =m == 6:2FTS
A 2 l - . I . = .l I i Dos
< 9 - - - | | | -:': f\':
[ % s 7 7 R o
o FEIoy &% SETONV FEETONV FFEEON PFOS
b) PFHpS
| PFHYS

100 =~ —

- - : == SE= ETOE™ s
0i - = = Wi
Ry = 80 . m = B TN
in © . I Pr0oA
=5 60} || I PrUdA
= a l PFDA
> 2 40! PFNA
»n & 40 B rroA
<& PFHPA
& < :n PFHXA

G PFPeA

ey ol I rieA

Q‘Q’Q""\ %Q—%"‘\ Q‘Q’Q"‘.‘\‘ Q'QQ""\ &1-5%-".‘\'
ST2 ST3 S STS

KA1 Rice tissues .
#: BROWKEK, WRONKEK: RO S NZE; LM, FF. Note: BR refers to brown rice, WR refers to white rice, R refers
to root, S refers to stem, and L refers to leaf. The same below.
B 2 AERFE KRR H LA h 490 S 2 U R0 PRASS BOMARRHIE (a. KRB ZAh PRASs BIVREE; b. PFASS il 5 HD
Fig. 2 Distribution characteristics of per- and polyfluoroalkyl substances (PFASs) in different rice tissues at different sampling

sites (a. PFASs concentrations in different rice tissues; b. compositional proportions of PFASSs)

2.2 IEN S PFASs BIMR 7245 4E

TERFFEIX ) 5 ARk Srp, b3ty 22 Fh PRFASs, 381 SPFASs ¥t Fl N
3.50~5.49ng-gt, I E N 4.46 £0.81 ng-gt, T HIZHLIX A H 13583k 52 1] 7 PFASS 75
Ju ( 3a, K 3b). AFRAERH) PFASs W EEAFAEZS [0 22 5, 15 49KF B HE T -
ST5 (5.49ng-g') >ST2 (5.01ng-gl) >ST4 (4.41ng-g') >ST1 (3.86ng-gl) >ST3 (3.50
ng-g), A Ja HHE IR A 1R 5E S A 0 L Geg B, AR b, g AT 11
Fl PFCAs. 3 Flt PFSAs. 4 FiTIR{AFN 4 Flgh B A, V359K FE 737008 5.17 £ 1.51. 0.543
+0.145. 0.230+0.083 11 0.742 +£0.241 ng-g?, (L5100 76.5%. 8.4%. 3.5%F1 11.6%, *
REILLL PFCAs FUET R SR N EMIRAFRAE. HRMN S, EES YN PFBA. PFOA,
PFOS. PFHxA fil F-53B, FL-FIikfE 478 0.826 +0.379. 0.745 + 0.213. 0.469 + 0.153.
o 423 + o 116 A1 0.351£0.160 ng-g*; GenX ¥ J¥ A 0.335+0.222ng-g, 5 F-53B B NFEIL.

YeW i Eb oy N 18.5%. 16.7%-. 10.5%. 9.5%. 7.9%F1 7.5%, H6HF N 100%.

Lﬁ,u%i%%, W FLIX 358 OO BB AR B 1) PRASS 15 4415 50, FEHkHE PFCAs. %
% PFCAs M BRI FEMI . Hh, PFCAs (5ttfs, PFBA. PFHXA F1 PFOA [
K6 HH 2% BH B 8 o045 48 PFCAS E AR F 398 Fp HLA 555 o B RN BABURRA1E - F-53B 1 GenX 45
BB ARITE S R A, DO E NSRS RS, IOy E B S A .
AR S, WHICX PFASs 15 Je2H il 2 SRS I &35, 5445 PFASs 2[R, #ifd
BRI AL 5 — 80,

TEREWE /K FE i PP LG 24 Fh PFASs, PFASs VLN 0.255~0.468 pg-Lt, P4k
fE79 0.318+0.086pg Lt (& 3c, &l 3d). ANFERFF A FFEARAE—E A2 R, KANIEN
ST4 (0.468 pg-L't) >ST2 (0.308 pg-L1) >ST5 (0.283 pg'L1) >ST1 (0.274 pg'Lt) >ST3

(0.255 pg'LD), RIS TR A 2ZE T A R SRR EN S, ST1 A1 ST3
PLPFCAs A, KHLLsr7Ih 86.0%F1 91.5%; ST2 F1 ST5 LARTIRA N E, (5EL/5N 32.4%
F1 34.9%; ST4 N LLH R B N T, S EEA 31.9%. B4 E, B K 3546 11 Fh PFCAS.
5 Fl PFSAs. 5 P AT IKAAFN 3 Fiii B B A4, HoPI9 i 2 5114 0.196 +0.056. 0.026 +0.015.
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0.047 + 0.047 F1 0.048 + 0.060 pg-L?, (L5514 64.0%. 8.0%. 15.3%F1 12.6%, EILLL
PFCAS. HI3RAFIHT AL B AR N 175 e b . £ 25448 PFHXA. PFBA. N-MeFOSE.
PFOA. GenX Al F-53B, - T3k &4 %4 0.101 + 0.064. 0.041+ 0.024. 0.031 + 0.044.
0.031+0.022. 0.024 +0.030 £ 0.023 +0.028 pg-L %, 5 L4514 31.7%. 12.8%. 9.9%. 9.7%-
7.4%F1 7.4%, HAHZLN 100%., XKW, FEBKAOR M PFCAS [ HE ZEEAK, [FR
2 A SRAR AR Y B AR A AN AR B R 48 1) B Bk AT

FEWEZK A PFASs ZH R 75 8] S5 o P B SR ol T 358, Ui BH A [R] R is ekl K AN\ 5 30
A AEfEEZE S, — 7T, PFCAs, JuH & PFHXA. PFBA 1 PFOA, [SiE#m b, RWIHE
BEAKAT 2 K% PFCAS 3 N H R 4010 B ZEEUAA s 55— 7T, BTSRRI BB AR o Lhi s,
FElAE STA SADHI BB & 3T, $27R R0 X ] §e 2 21 B AR AR O¢ Tl HES E0R &
V5 G UREE N o ISR AAR A H R R B, BEBE /K IR Hh n] BEAEAE AT i — B 4k )y PFCASs Fll PFSAs
IV AE IRy Yok I8, AT 3G Ak H &R G5 rf PFASs IFRBEAT N E Je .

IR FURAERFAER ], IR ANRE KL [RIA KRS PRASS 15 44k . S SR (A X
e Mg ety 5, 18 PFBA. PFOA. F-53B Al GenX Z57E /KRG 7% 8% B FUFFRL b 1) 45 8 i
s HEWE KA A BN IR AR, K AT IR R B B AR RR S AR B R B8, 20 RS
NS KRG HAS HE I PRASS F2 (28 F) 1138 (22 Fi) AIEME/K (24 F1), W] g5 /KH
[F] B R P 2R A o 1) PRASs SR S G Y CEAE YR 8 SRR 2 T R H KPR, e Ak,
IKFEXIANF] PFASS AEAEIEFEVERISCFRIR ] %512, 075 B SRR T B % A N ¢ PFASS, i
—PHEIN T AR AL A YRR,

AN[FRAE sila] PRASs 73 A 2L W2 () 2 5, HRSEA IS5 /KR 9 iR BEHE Y A8 52
A3, THIEERFEM K PFASs WS SRR TN ST2. ST4 A1 ST5 /&1 ST1 A1 ST3, HlfE
HRiaaEe, &g, R, Fraeli KAUREE AT A 0%, ZREATIE P & PFASs L
T B T B AR (45 B HE B0, i ST A1 ST3 JE LIRSS 40N, HA SR L
2, HE s A NREA X EAK. S8, KFEH PFASs &4 /K F7E STL Al ST MM s, &K
5 BEREBL AR FE o0 An — B0, U WEIWR N R AR S IR A i 7 G e A5 ], 38 SRR
TGRSy LI E SRR AR BRI R DL A A e R 1 R SR e 3 AL 3 [ S g (8 31,

E ) S

= o0

= a 3
we © [ PEMPA < ©) [ NaDONA
é 2 5 — PFEESA g 205 -2'53)1(3
2 £ — — e BF53B X = — B Genx
PR p— = ElGox & 04 NMeFOSE
R —— | N-EFOSE 22 § 03 — pa— N:w:clfOSA
FE O — —_— N-EOSAA & 5 s e —— S [ FOSA
B35 2f — Fosa  F £ o2 [ - ] B s
HE | 62FTS % 3 PENS

S PFOS g 0.1 PFOS

207t sm st sT4 TS e 4 00555, T T. S

= Il rrBs < STI1 ST2 ST3 ST4 STS PFHxS

- b I PFTeDA & I riBs
R [ T — |3 V) ) =100 P [
j‘: = — e Wmmmm ——— = i rrDoA - B I PFTDA
w2 80 I — — e e P PFUA B E 80 - _-:L:m
22 ., E— prpA 0 = 3
%> § 60 | 5 o= PFDA
Z 3 e pNa 58 60 PEDA

= I rr 0 | 5
= 2 4o PFOA 28 4ol I oA
£ g PRHpA 2 E PFHpA
A& ol PFHXA & & PFHXA
& 3 20 prpeA & & 20 PFPCA
TE o ElriBA %3 [ 5 [ PrBA

~ ST1 ST2 ST3 ST4 STS E‘ ST1 ST2 ST3 ST4 ST5

A~

KFf 5 Sampling sites KA 4 Sampling sites
Pl 3 AR AR BR - HERIEE K | PFASS 1R A UAFIE (o HRBx-L3rh PFASs [FIREKEE; b, HREx L3 PFASs [f4
Biditl; c. WEWEKH PRASs FBTEEVREE; d. WEM/K T PFASS RIS LD
Fig. 3 Concentrations and compositional characteristics of PFASs in rhizosphere soil and irrigation water at different sampling
sites (a. mass concentrations of PFASs in rhizosphere soil; b. compositional proportions of PFASs in rhizosphere soil; c. mass

concentrations of PFASs in irrigation water; d. compositional proportions of PFASs in irrigation water)
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2.3 PFASs EHiE—kFEHR RF R EE S TIFIE

B TR R SR RN, AHEFUIR L 18 B PFASs, FfXT BAF M TF #4717
ERMT. 48R (K 4a, K 4b) E£W, A[A PFASs fE/KREIA N I S S5 55817 NAFAE W i
Z5t, HARENS MR ERSS FiERerE. B BAF &SRS, R, ZMM1F% BAF 4>
W4 2.03. 1.55 F12.48, ¥JmTHEK (1.36) AUREK (0.64), BAREM. M. 22, KK, K
KARIRIZAC D ATRAE, U] PFASs T E B L T/KRIEFREEE, MAER &EA I E A
XS . AN PFASs 1S SEfe 12 I ik . 4%k PFCAs (PFBA. PFPeA. PFHXA) &
f&45 PFCAs (PFOA) fEHh [ #2021 bl B = BAF {H, 28 FR 1) BAF 5K
T 1, WTEFFRH ) BAF [EMXTEK. M2 F, K& PFCAs (PFNA. PFDA. PFUdA.
PFDoA. PFTIDA) J PFSAs (PFBS. PFHxS. PFOS) fE#&%ZH4UrR[) BAF {EBARK, £
BT 1, R\HF LRI TS . X AT Re 2 KON PRFASs /K 0E, 2 1 IRk
FAR R B, AT R et %% dE s MiEEE RN TR EE PRASS SE/KPERE, 518
TaE R 2R R AT - B 2 s 0 1 B RS B98O RIUE B B AR R I AR T4 40 PFASs
) B HEHRE. 6:2 FTS. PFEESA. GenX 1 F-53B 7E/K A8 & 4141 () BAF 18 i mr, 2%
KT 1; 7EkEKT, 6:2 FTS. PFEESA Al GenX () BAF {34y filik % 2.58. 3.16 A1 1.89, #
X Seqb S ) BA B I ES A T R )1 BAFRL REUE ) db— D LU L, B B E AR
IKFEH T2 BAF 55 T PFCAs. PFSAs FIFTHRIA, ViR S KRN B4, HAEF
Kb R IR, 1X5 Zhang SEESA R85 R — 3. (ERTEERRZ, RELS PFASs
TENFRLH ) ' SERE J1 BRI 55, {2 PFOA TEH 7 s i K (1) BAF AR T 1, UiBHIHAE
R ZF A AT RERE AR & AR BB Kim 2522076 30 /MRS H 1 FH R 70 R B, PFOA
e PFASs I EEH r 2 —. tehh, JLFIr PFASs fERGK H 1K) BAF fEI & THK,
Ui BH TR ' S TRFRL AN Z A Z, TR B FE nT 7E— e R PR K 5k B /K9

TF 255 —PHR7R T PFASs TE/KFEIR N RIS R-IE . HFIZE0) TF “FI(E 508 1.73
107, mTHREK (0.76) FFEK (0.39), SRR, 2K, ROK. FKIZETREIRIE, *®
B PFASs TE/KFEMRAN B Eizia R EAE R TEFRAE, JUHEM v, bk — 05
BAXTAR. 2% PFASs R Mt 3R TR E/NT 1, BB R W FIiERERE IR R, X
HOEHREREO—-5. HARRIMLEDZ BVHFERE 2R fE25%, PFDA. PFNA.
PFEESA. 6:2 FTS fil PFBA ] TF #/5; fEMH1, N-EtFOSE. PFBA. PFPeA. PFEESA Al
PFHXS [ TF %5 GenX Al F-53B 7EM-FR i) TF ik 1, FHE 5 BRI m - A %
BIFE LRI, TEFPRH, (LA YIRS I 6E f, Hodr, K 6:2 FTS,
PFEESA #1 GenX LAK S K1) PFEESA, TF ¥KT 1, 6B TSR R0 B B AR WAL 45
PFASs 5 SR MR P % da PR I E NFFRL. SRTT 5, KBE PFASs B8 5 [n 2241z,
% PFASs B 5 [ aE, 1020 5 SRR B B AR LA o s R e ), 1K
5 Tang %£B35¢ T GenX % PFOA #ll PFOS B At v] iz $ Ak 3L SR AR Re Sy 4518 — 3.

zi b, BAF FI TF 45 BILFEIFB, AR[FE PFASs 7E /KRR N B 8 50817 N B3
L5, HZAEMAER . IREKEMEHER R EEwm, 2k, PFASs FZEEETH,
RFIZEEE TR T, AR AR 2 E G50 s (E50 53 B SRR RH 2 B AR AR 1) BAF
ATF i, R HEABERIIF L2 5 R 7). B, 7E PPl AR B PFASS 15 42 XU
BrA& 4t PFASs 4, I8 HE i VA B B B AR B iy SRR 70 7K R ml £ 087 H 10 78 7 8 o XS o
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Fig. 4 Bioaccumulation factors (BAF, a) and translocation factors (TF, b) of PFASs in different rice tissues
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